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Abstract
Relay, which enables coverage extension and throughput enhancement, is a very promising technique for future
wireless communication systems. Among different types of relay, type II relay is one kind of inband relays and is
hotly discussed in LTE-Advanced system for throughput enhancement. In order to support type II relay, many
challenges must be overcome. In this article, we focus on relay-assisted uplink data retransmission and propose a
novel joint design of reference signal and data precoding for type II relay. The proposed method not only solves
the problem of channel estimation mismatch for control information, but also achieves cooperative diversity gain
for data transmission. Simulation results show the effectiveness of the proposed method over existing schemes.
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Introduction
Relay is a very promising technique for future wireless
communication systems to extend coverage and enhance
throughput, and has drawn increasing interest from both
academia and industry [1-6]. There are many types of
relays and some of them have been specified for future
mobile systems, such as WiMax and LTE-Advanced system [5]. Two types of relays, i.e., type I and type II, are
mainly discussed for LTE-advanced systems in the 3rd
Generation Partnership Project (3GPP) [3,7-9]. The type I
relay is a kind of non-transparent relay with wireless
backhaul to the donor eNodeB cell. The type I relay terminates all layers 2 and 3 protocols and appears as a
normal eNodeB to user equipment (UE). According to
the backhaul, type I relay can be classified into inband
(same frequency band for backhaul link and access link)
and half-duplex (backhaul transmission and access transmission at different time), inband and full-duplex (backhaul
transmission and access transmission at same time), and
outband (different frequency band for backhaul link and access link). The type I relay has its own cell and physical cell
identification (ID). It transmits synchronization signals and
performs resource allocation. The typical usage scenarios of
type I relay include coverage extension, e.g., hotspot and
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deadspot, and group mobility, e.g., on a train or bus. On
the other hand, the type II relay is a kind of inband transparent relay and works in a half-duplex mode. Usually, the
type II relay only supports functions up to layer 2. Type II
relay does not have a physical cell ID and is a part of a
donor eNodeB cell. The eNodeB directly controls the UEs
in the cell and performs resource allocation. The type II
relay transparently participates in data forwarding in downlink and uplink, i.e., the UE is not aware of whether or not
it is communicating with the eNodeB via the relay. As a result, the type II relay should not transmit synchronization
signal, common reference signal, etc. Therefore, the type II
relay cannot be used for coverage extension and the main
purpose of the type II relay is to enhance throughput and
quality-of-service of UEs, especially for cell-edge UEs, in
the macro cell.
Although there have been a lot of research works about
type I relay, the research works about type II relay are just
started and relatively not enough. Type II relay has many
advantages compared with type I relay, such as low cost
(layer 2 relay), easy of deployment (transparent), and good
throughput enhancement (cooperative transmission with
eNodeB in downlink and UEs in uplink in nature). However, in order to exploit the benefits and potentials of
the type II relay, more sophisticated designs are needed
than type I relay. The transparency and backward compatibility requirement bring many challenges facing the
implementation of the type II relay in LTE-Advanced
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systems [3,6,10]. Overall speaking, two issues of the
type II relay are of most importance. One is the type II
relay-assisted cooperative hybrid automatic repeat request
(HARQ) [3] and the other is link adaptation for type II
relay-assisted data transmission. In this article, we focus
on an enhanced type II relay-assisted uplink data retransmission scheme in order to improve block error
rate (BLER) performance while maintaining backward
compatibility to legacy UEs.
One major problem in using the type II relay in uplink
data retransmission [10,11] is caused by the backward
compatibility requirement. As specified in LTE-Advanced
specifications, when a legacy UE has both control information (e.g., ACK/NACK, periodic channel quality indicator (CQI) report, etc.), and data to be transmitted in
the uplink, the UE should embed the control information in the data transmission in order to retain the
single carrier-frequency division multiple access characteristics and to reduce peak-to-average power ratio
(PAPR). Such a transmission requirement, i.e., embedding control information in data, brings difficulty for
type II relay-assisted cooperative retransmission, where
type II relay monitors initial transmission of the UE and
performs cooperative transmission to assist retransmission
of UE when the initial transmission is failed. We assume
that the UE has control information (e.g., ACK/NACK
to different downlink data packets) to be transmitted at
both initial transmission and retransmission. For simplicity, we denote the control information embedded in
initial transmission as “old” control information and the
control information embedded in retransmission as “new”
control information. The type II relay can only know the
old control information through monitoring and detecting
the initial transmission but cannot know the new control
information to be transmitted by the UE in advance before
the retransmission. Therefore, type II relay will have difficulty in performing the retransmission. If the type II relay
sends exactly the same signals as the initial transmission
of the UE, i.e., with the old control information, the old
control information from the relay and the new control
information from the UE will collide at the eNodeB. If
the relay punctures the old control information in cooperative retransmission, the eNodeB receives the control information only from the UE but a superposed
reference signal from both the relay and the UE. Consequently, channel estimation mismatch occurs for the
control information and results in unacceptable detection performance of the control information.
In order to address this problem, some methods have
been proposed in [12,13]. In the method in [12], the
eNodeB always sends an ACK to the UE no matter
whether data detection is correct or not. In case the
detection at the eNodeB is not correct, the ACK is a
fake one. The purpose to always transmit ACK to the
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UE is to make UE think the data transmission is successful. Because the ACK is received, the UE does not need to
retransmit data and thus the control information is transmitted in control channel rather than being embedded in
the data channel. Only the relay performs data retransmission, i.e., transmits the data and reference signal in the
data channel. Because the control channel has its own
reference signal, there is no channel estimation mismatch
of control information any longer. However, there are
several problems with the method: (1) New signaling is
required, e.g., eNodeB must inform the relay of retransmission because the relay monitors a fake ACK and cannot make a decision based on it. (2) If the relay does
not correctly receive a data packet and the UE clears
its buffer after receiving the ACK, the data packet may
not be recovered by HARQ and thus may cause a long
delay. (3) The UE occupies additional control channel
resource to transmit control information. (4) Only relay
performs the retransmission and thus there is no cooperative diversity gain in data transmission. In [13],
two methods are proposed. In the first method, the
relay reports its detection result of initial transmission
to eNodeB. If the relay correctly detects the data of
UE, eNodeB will send a fake ACK to the UE in order
to stop retransmission of the UE. Instead, relay will
conduct the retransmission to send the data to eNodeB.
Although the above HARQ failure problem can be solved
by this method, the other drawbacks still exits. (1) Additional signaling is needed, e.g., the relay needs to inform
eNodeB of its data detection result. (2) The UE occupies
additional control channel resource to transmit control
information. Because the relay conducts the retransmissions, if the UE has new control information to report
to eNodeB, the UE has to transmit the new control information in control channel. (3) There is no cooperative
diversity gain because either the UE or the relay conducts retransmission. In the second method, after initial
transmission of the UE, eNodeB always sends an ACK
(maybe fake) to the UE regardless the data detection is
correct or not. At the same time, eNodeB sends the
actual data detection result to the relay. If the data detection at eNodeB is not correct, the relay will conduct
retransmission to eNodeB. This method is the same as
the “Always ACK” method in [12] except that the UE
and the relay can select modulation and coding scheme
used for transmission according to quality of UE-to
-relay channel and relay-to-eNodeB channel, respectively, and thus may improve the spectrum efficiency
of the transmission/retransmission. For the second
method, all the drawbacks of “Always ACK” method exist.
In this article, we propose a novel retransmission
method that is fully backward compatible to legacy UEs
without any new signaling, does not require additional
control channel resource for control information, has no
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HARQ failure problem, and achieves cooperative diversity gain for data retransmission. The major contributions of the article lie in two aspects. One is the novel
precoding method at the relay. In existing precoding
designs, transmitter conducts the precoding to data
transmission according to instantaneous channel conditions, e.g., to achieve a high received signal-to-interference
plus noise ratio (SINR) [14]. However, in the proposed
method, the precoding is designed to improve the channel
estimation accuracy as well as simplify the channel estimation processing. The other is the extension of proposed
method to MU-MIMO, i.e., the relay assists the uplink
data retransmission of multiple UEs to eNodeB. A joint
design rule of cyclic shifts and data precoding for multiple
transmit antennas at the relay is defined considering cyclic
shifts of multiple UEs.
System model
Uplink transmission/retransmission

Figure 1 shows the considered system model, where
there are in total M UEs in the macro cell and the type
II relay is used to assist transmission/retransmission of
multiple UEs in the uplink. In the following, we first
consider single UE case for discussion simplicity and
after that we will extend the discussion to multiple UEs.
The main procedures for type II relay-assisted uplink
transmission and retransmission are shown in Figure 2.
First, at time t, the UE performs initial transmission (data
with control information 1 embedded) to the eNodeB.
The relay monitors the initial transmission of the UE
and detects the initial transmission. Second, if detection
of data in initial transmission is not correct at the
eNodeB, the eNodeB should reply NACK at time t + 4.
Both the UE and relay monitor the ACK/NACK feedback
of the eNodeB at t + 4 in order to determine whether
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retransmission is needed or not. If retransmission is
needed, the UE should perform retransmission at time
t + 8. In the retransmission, the UE will embed new
control information, i.e., control information 2, if it has
any. However, at time t + 8, the relay cannot know the
content of control information 2 to be transmitted by
the UE. Therefore, the key issue is how to perform cooperative retransmission by type II relay at time t + 8
because the relay cannot know control information 2
in advance. If type II relay simply transmits data and
control information 1 in the retransmission, the two
control information, i.e., control information 2 transmitted
by the UE and control information 1 transmitted by the
relay, will collide at the eNodeB. The “control information 1” and “control information 2” denote control information transmitted at time t and t + 8, respectively.
The control information can be ACK/NACK of HARQ,
rank indicator (RI), periodic CQI report, etc.
One straightforward idea is to perform puncture at
the relay in order to avoid the control information collision, i.e., in the retransmission, type II relay only
transmits reference signal and data while not control
information. However, such a transmission of the relay
will lead to channel estimation mismatch for control
information detection at the eNodeB. To be more specific, the received reference signal at the eNodeB is a
superposed signal from both the UE and relay. Therefore,
when eNodeB conducts channel estimation, eNodeB will
get a combined channel gain, i.e., sum of UE-to-eNodeB
channel and relay-to-eNodeB channel. On the other hand,
because control information is only transmitted by the
UE, the actual channel gain of control information is
the UE-to-eNodeB channel. As the control information
is embedded in the data channel, if eNodeB uses the
estimated combined channel gain to detect control

UE1
eNodeB
Relay
UE2
UEM
Figure 1 System model.
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Figure 2 Uplink transmission and retransmission.

information, the detection performance will be unacceptable due to the mismatched channel gain.
In order to address this channel estimation mismatch
problem, some methods have been proposed in [12,13].
As discussed in Section 1, although the channel estimation mismatch problem can be solved, the methods in
[12,13] have some drawbacks, such as signaling overhead
and no cooperative diversity gain. This motives the work
in this article. If we smartly design the reference signal
and data precoding jointly, the drawbacks of methods in
[12,13] can be avoided.
Reference signal in uplink

Reference signals are defined for uplink channel estimation [15]. The control channel and data channel have
their own reference signals. However, if control information is embedded in the data, the eNodeB should use the
reference signal of the data channel to detect the embedded control information. The proposed scheme is closely
related to the reference signal of data channel, a description of which is given hereafter.
Reference signal sequence ϑUE(k) of the data channel
is defined by a cyclic shift αUE of a base sequence, i.e.,
RS
;
ϑUE ðk Þ ¼ ejαUE k ⋅ϑðk Þ; 0 ≤ k < Msc

ð1Þ

where MRS
sc denotes the number of subcarriers assigned
for uplink transmission, k denotes the subcarrier index,
and ϑðk Þ denotes the base sequence. The cyclic shift αUE
is determined by


ð1Þ
ð2Þ
nUE
mod12;
ð2Þ
¼
n
þ
n
þ
n
PRS
cs
DMRS
DMRS
αUE ¼

2πnUE
cs
;
12

ð3Þ

where n(1)
DMRS is a value semi-statically configured by
higher layer; n(2)
DMRS is dynamically given in the uplink

scheduling grant and can take eight values, i.e., {0, 2, 3,
4, 6, 8, 9, 10}, and nPRS is given by a cell-specific pseudorandom sequence. As in (2), the nUE
cs is calculated from
(2)
three parameters, i.e. nPRS, n(1)
DMRS, and nDMRS. The nPRS
(1)
takes fixed cell-specific values. The nDMRS can be semistatically changed through radio resource control (RRC)
signaling by eNodeB and the n(2)
DMRS can dynamically be
changed through scheduling grant by eNodeB. Therefore, eNodeB can have very flexible configurations of
reference signal sequences used by UEs. In order to
reduce signaling overhead for index of reference signal
sequences, the nUE
cs is limited to take among 12 candidate values ranging from 0 to 11 as in [15]. After
obtaining the nUE
cs according to (2), UE will calculate
αUE in angle domain according to (3) and then reference signal sequence can be generated according to
(1). It can be seen that eNodeB knows αUE. According
to (3), the αUE is calculated from the nUE
cs . According
to (2), the nUE
cs is calculated from three parameters, i.e.,
(2)
nPRS, n(1)
DMRS, and nDMRS. The nPRS is calculated from cell
(2)
ID, eNodeB can know it. The n(1)
DMRS and the nDMRS are
configured by eNodeB through RRC signaling or scheduling grant. So, eNodeB knows the value of n(1)
DMRS and
n(2)
DMRS. As a result, eNodeB can know the value of the
nUE
cs and thus the value of αUE used by the UE.
Proposed method

In order to solve the channel estimation mismatch problem and achieve cooperative diversity gain, a novel joint
design of reference signal and data precoding used by
type II relay for data retransmission is proposed in this
section.
Cyclic shift selection of relay reference signal

In the proposed method, the relay adopts a different reference signal sequence from that of the UE. More specifically, the relay monitors the uplink grant signaling
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transmitted by the eNodeB and obtains the n(2)
DMRS to be
used by the UE. Then the relay determines its cyclic
shift according to


ð1Þ
ð2Þ
nRelay
¼ nDMRS þ nDMRS þ Δoffset þ nPRS mod12;
cs
ð4Þ
αRelay ¼

2πnRelay
cs
;
12

ð5Þ

where nRelay
denotes an intermediate parameter (taking
cs
value of integer ranging from 0 to 11), which is used to
calculate cyclic shift αRelay in angle domain for reference
signal sequence generation by the relay, Δoffset denotes a
non-zero offset and its value can be optimized to
maximize the cyclic shift distance between the UE and
the relay in order to obtain the best channel estimation
performance. With the nRelay
, the αRelay can be calcucs
lated according to (5). In order to save signaling overhead to configure these parameters for relay, the relay
reuses these parameters of the UE, i.e., the relay adopts
(2)
the same parameters nPRS, n(1)
DMRS, and nDMRS as the UE
in existing methods [12,13]. However, in the proposed
method we propose to introduce an additional non-zero
offset, i.e. Δoffset, in calculation of the nRelay
. With this
cs
non-zero offset, the nRelay
will always take different
cs
values from the nUE
cs . Therefore, the relay will always
generate a different reference signal sequence from that
generated by the UE. For example,


ΔOptimal
¼ arg max αRelay  αUE :
ð6Þ
offset
Δoffset

The reference signal sequence used by the relay can be
calculated as
ϑRelay ðk Þ ¼ ejαRelay k ⋅ϑðk Þ:

ð7Þ

Rule for the relay to choose the value of Δoffset can be
predefined at the eNodeB and relay. Thus, the eNodeB
can know reference signal sequence ϑRelay(k) used by the
relay without any additional signaling.
Because different cyclic shifts are used by the relay
and UE, the eNodeB can estimate the channel response
of the control information transmitted in the data channel from the UE to the eNodeB on the basis of the cyclic
shift of the UE even though the reference signals of the
UE and relay are superposed at the eNodeB. To be more
specific, if eNodeB performs fast Fourier transform to
the overlapped reference signals, the two channel responses, i.e., UE-to-eNodeB channel and relay-to-eNodeB
channel, will have different locations in time domain due
to the different cyclic shifts. Therefore, eNodeB can filter
out the reference signal of relay in time domain (e.g., using
the method in [16]) and thus can have an accurate

Page 5 of 9

estimation of the UE-to-eNodeB channel. Because the actual channel of the control information transmission is the
UE-to-eNodeB channel, eNodeB can conduct detection
of the control information with the estimated channel.
Therefore, the channel estimation mismatch problem
can effectively be solved.
Precoding for data retransmission

After determining the cyclic shift for the reference signal, the relay performs precoding to the data according
to its own cyclic shift and that of the UE. Purpose of the
precoding is to simplify channel estimation at the eNodeB
as well as to improve the channel estimation accuracy.
The data transmitted by the relay is
dRelay ðk Þ ¼ W ðk Þ⋅d ðk Þ;

ð8Þ

W ðk Þ ¼ ejðαRelay αUE Þ k ;

ð9Þ

where W(k) denotes the proposed precoding and d(k)
denotes data for re-transmission. From (8) and (9), it
can be seen that the proposed precoding only changes
the phase of the data in the frequency domain, which
equals a shift of the data in the time domain. Therefore,
the proposed precoding does not change the PAPR of
the transmitted signal.
For cooperative retransmission at time t + 8, the reference signal, data, and control information transmitted
by the UE are
ϑUE ðk Þ ¼ ejαUE k ⋅ϑðk Þ;

ð10Þ

dUE ðk Þ ¼ d ðk Þ;

ð11Þ

sUE ðk Þ ¼ sðk Þ;

ð12Þ

where s(k) denotes modulated symbols of the control
information. The reference signal, data, and control information transmitted by the relay are
ϑRelay ðk Þ ¼ ejαRelay k ⋅ϑðk Þ;

ð13Þ

dRelay ðk Þ ¼ ejðαRelay αUE Þk ⋅d ðk Þ;

ð14Þ

sRelay ðk Þ ¼ 0:

ð15Þ

Therefore, the received reference signal, data, and control information at the eNodeB are

ϑeNB ðk Þ ¼ HMB ðk Þ⋅ϑUE ðk Þ þ HRB ðk Þ⋅ϑRelay ðk Þ þ n1
¼ HMB ðk Þ⋅ejαUE k ⋅ϑðk Þ þ HRB ðk Þ⋅ejαRelay k ⋅ϑðk Þ þ n1 ;

ð16Þ
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deNB ðk Þ ¼ 
HMB ðk Þ⋅dUE ðk Þ þ HRB ðk Þ⋅dRelay ðk Þ þ n2
¼ HMB ðk Þ þ HRB ðk Þ⋅ejðαRelay αUE Þk ⋅d ðk Þ þ n2 ;

ð17Þ
seNB ðk Þ ¼ HMB ðk Þ⋅sðk Þ þ n3 ;

ð18Þ

where HMB(k) and HRB(k) denote the channel response
from the UE to the eNodeB and from the relay to the
eNodeB on the kth subcarrier, respectively. n1, n2, and n3
denote the noise.
For data detection, the eNodeB first performs channel
estimation of the data channel through the received reference signal. We can simply re-write (16) as


ϑeNB ðk Þ ¼ HMB ðk Þ þ HRB ðk Þ⋅ejðαRelay αUE Þk
|ﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ}
Equivalent channel



e
⋅ϑðk Þ
|ﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄ}
jαUE k

þn1 :

ð19Þ

Reference signal of UE

From (19), the eNodeB can simply perform channel
estimation of the data channel using the reference signal
of the UE. Then the eNodeB can obtain an equivalent
channel. From (17), we can see that the equivalent channel is just the same as the equivalent channel of the data
transmission because of the proposed precoding. Therefore, the eNodeB can simply use the estimated equivalent channel for data detection.
If the proposed precoding is not used, the received
data at the eNodeB is
d 0 eNB ðk Þ ¼ HMB ðk Þ⋅dUE ðk Þ þ HRB ðk Þ⋅dRelay ðk Þ þ n2
¼ ðHMB ðk Þ þ HRB ðk ÞÞ ⋅d ðk Þ þ n2
|ﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ}

ð20Þ

Equivalent channel

Therefore, the eNodeB has to separately estimate
HMB(k) and HRB(k) from (16) and then calculates the
equivalent channel of the data transmission according
to (20).
It can be seen that the proposed precoding not only
simplifies the channel estimation operation, but also improves the channel estimation accuracy. If the eNodeB
performs the channel estimation of HMB(k) and HRB(k) separately, the SINR for the channel estimation is low. For example, if the eNodeB estimates the channel from the UE to
eNodeB, signal from the relay to eNodeB is regarded as
interference. However, in the proposed method, the eNodeB
directly estimates the superposed equivalent channel. Because the superposed channel has a high SINR for channel
estimation, the channel estimation accuracy is improved.
For control information detection, the eNodeB estimates HMB(k) from (16) by filtering out the reference
signal of the relay in the time domain, e.g., using the

Page 6 of 9

method in [16], and then uses the estimated channel for
control information detection according to (18).
The multiplexing method of control information and
data is conducted according to [17]. According to the
number of bits of the control information, UE will conduct
rate matching to generate data bits to be multiplexed with
the control information. If the new control information
has different bit number to the old control information,
rate matching result of data bits will change accordingly.
Although the relay does not know the content of the new
control information, the relay does know which kind of
control information will be transmitted by the UE, e.g.,
periodic CQI, ACK/NACK of HARQ. Therefore, the relay
can know bit number of the new control information and
thus can perform the same rate matching as the UE to
generate the data bits. Because the mapping rule of data
bits to resource is predefined, the UE and the relay will
have the same mapping results for data transmission. As a
result, even if the new control information has different bit
number compared with the old control information, the
proposed method can still be applied.
In the proposed method, we assume the relay has
detection function and CRC check function. During
the initial transmission of UE, the relay conducts data
detection and CRC check. If the CRC check is successful, the relay can know the data transmitted by the
UE. If the CRC check is failed, the relay will not conduct the retransmission and the UE will perform the
retransmission by itself. It is noted that there is no
need to inform eNodeB about whether the relay conducts retransmission or not. eNodeB can always use
the same channel estimation algorithm (e.g., algorithm
in [16]) to estimate the channel response for control
information detection, i.e., eNodeB performs filtering to
location of reference signal of relay in time domain even
if relay does not perform the retransmission. Therefore,
regardless the relay conducts retransmission or not, eNodeB
can always get correct channel estimation for control information detection and the proposed method does not
introduce any additional signaling overhead.
Extension to MU-MIMO

The proposed scheme can be extended to MU-MIMO,
i.e., the relay assists the data retransmission of multiple
users to the eNodeB. We assume that there are M UEs
with single transmit antenna. The eNodeB has N(N ≥ M)
receive antennas. The relay has P(P ≥ M) receive antennas
and Q (Q ≥ 1) transmit antennas.
In data retransmission, the reference signal, data, and control information transmitted by the UE m(1 ≤ m ≤ M) are
jαm
ðk Þ;
UE k ⋅ϑ
ϑm
UE ðk Þ ¼ e

ð21Þ

m
dUE
ðk Þ ¼ dm ðk Þ;

ð22Þ
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sm
UE ðk Þ ¼ sm ðk Þ:

ð23Þ

The reference signal, data, and control information
transmitted by antenna q(1 ≤ q ≤ Q) of the relay are
θqRelay ðk Þ ¼

M
X

m
ejðΔRelay þαUE Þk ⋅ϑðk Þ;

ð24Þ

ejΔRelay k ⋅dm ðk Þ;

ð25Þ

m¼1
q
dRelay
ðk Þ ¼

M
X
m¼1

sqRelay ðk Þ ¼ 0;

ð26Þ

where ΔRelay denotes an incremental cyclic shift used by
the relay.
Therefore, the received reference signal, data, and control information at receive antenna n(1 ≤ n ≤ N) at the
eNodeB are
M
X

ϑneNB ðk Þ ¼

m
hnm ðk Þ⋅ejαUE k ⋅ϑðk Þ

m¼1

Q
M
X
m
1 X
hnq ðk Þ⋅
ej ðΔRelay þαUE Þk ⋅ϑðk Þ
þ pﬃﬃﬃﬃ
Q q¼1
m¼1

þ n4 ;
ð27Þ
n
ðk Þ ¼
deNB

1 X
hnm ðk Þ⋅dm ðk Þ þ pﬃﬃﬃﬃ
hnq ðk Þ
Q q¼1
m¼1
M
X



M
X

Q

ejΔRelay k ⋅dm ðk Þ þ n5

m¼1

!
Q
1 X
jΔRelay k
¼
hnm ðk Þ þ pﬃﬃﬃﬃ
hnq ðk Þe
Q q¼1
m¼1
|ﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ{zﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄﬄ}
M
X

Equivalent channel for UE m

dm ðk Þ þ n5 ;
sneNB ðk Þ ¼

M
X

ð28Þ

hnm ðk Þ⋅sm ðk Þ þ n6 ;

ð29Þ

m¼1

where hnm(k) and hnq(k) denote the channel response
from receive antenna n of the eNodeB to the UE m and
transmit antenna q of the relay on the kth subcarrier,
respectively.
We rewrite (27) as

ϑneNB ðk Þ

M
X

1 X
¼
hnm ðk Þ þ pﬃﬃﬃﬃ
hnq ðk Þ⋅ejΔRelay k
Q
q¼1
m¼1
m
 ejαUE k ⋅ϑðk Þ þ n4 :
Q

!

ð30Þ
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From (28) and (30), eNodeB can perform channel estimation to obtain the superposed equivalent channel of
data transmission of the UE m, e.g., using the method
in [16]. After obtaining the equivalent channels (in total
N × M) of all UEs, eNodeB can construct an equivalent
MIMO channel matrix and perform MIMO detection
to detect the data packets of M UEs.
Two kinds of diversity gain will be achieved when the
proposed method is used. One is time-domain diversity
gain due to HARQ combining of initial transmission and
retransmission. The other is cooperative diversity gain
enabled by the proposed precoding method in retransmission by UE and type II relay.
Performance evaluation

We assume MU-MIMO with two single antenna UEs
and the numbers of antennas for the eNodeB and relay
are two. The 6-ray typical urban channel model with the
r.m.s. delay spread of 1.06 μs [18] is used for both direct
link (UE-to-eNodeB) and backhaul link (relay-to-eNodeB).
The resource block has a bandwidth of 180 kHz and the
number of resource blocks assigned for data transmission
and control information transmission is 10 and 1, respectively. The modulation is 16QAM for data transmission
and QPSK for control information transmission. Turbo
code is used for data transmission and tailed convolutional
code is used for control information transmission. The
coding rate is one half or one-third for both the data
transmission and control information transmission. Two
kinds of cyclic shift selection are considered for the proposed method: one is random selection without optimization and the other is optimized selection that
maximizes the cyclic shift distance among UEs and the
relay. The channel estimation algorithm in [16] is used
for both data and control information. The Doppler frequency used in the simulations is set to 10 Hz. The performances of the relay puncture, i.e., relay punctures the
control information in the data retransmission, the
method in [12] and the method in [13] are also simulated as references.
Figure 3 shows the BLER of the control information
transmission of each retransmission. It can be seen that
(1) a simple puncture at relay exhibits a very poor performance due to the mismatched channel estimation
at the eNodeB. The BLER performance is as worse as
7 × 10–1 even at very high SNR, which is unacceptable
for a practical system. (2) The method in [13] has the
best performance under real channel estimation assumption because only UE transmits reference signal and
control information, i.e., there is no channel estimation
mismatch problem for control information and there is
no interference from the relay for reference signal. For
the method in [12], the performance of control information is not shown because the control information is
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transmitted in control channel. The control channel has
different transmission processing, e.g., spreading in time
domain, compared with data channel and thus the performance of method in [12] is not shown. (3) The proposed scheme with optimized cyclic selection and the
method in [13] achieve the same performance, which
means that the maximum distance cyclic shift selection
is very effective and enables very accurate channel estimation of HMB(k) from the superposed reference signals. (4) The optimized cyclic shift selection achieves
better performance than the random cyclic shift selection due to its higher channel estimation accuracy. As a
conclusion, the proposed method can achieve the same
performance for control information as the method in
[13] with proper cyclic shift selection.
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Figure 5 BLER performance of control information: code rate =
1/3, QPSK.

Figure 4 shows the BLER of each data retransmission.
The simulation results can be divided into two groups.
One is performance comparison with ideal channel estimation and the other is performance comparison with
real channel estimation. From the simulation results, it
can be seen that (1) the proposed method can achieve
2–3 dB performance improvement compared with the
methods in [12,13] for both ideal channel estimation
and real channel estimation due to the cooperative diversity gain. (2) The proposed method with real channel
estimation performs even better than the methods in
[12,13] with ideal channel estimation when SNR is high,
e.g., when SNR is larger than 15 dB. This is because with
the increase of SNR, the accuracy of real channel estimation increases and thus the impact of channel estimation
on performance decreases. Therefore, the proposed
method with real channel estimation can even achieve a
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Figure 3 BLER performance of control information: code rate =
1/2, QPSK.
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Figure 6 BLER performance of data: code rate = 1/3, 16QAM.
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better performance than the methods in [12,13] with
ideal channel estimation. As a conclusion, the proposed
method can achieve better performance for data than
the methods in [12,13].
Figures 5 and 6 show BLER comparisons of control information and data, respectively, when code rate equals
to 1/3. When code rate reduces, performances of all the
schemes improve as expected. For control information,
similar conclusions can be drawn that (1) the “relay
puncture” cannot work even if the code rate is reduced
although the performance becomes a little better than
that when code rate equals to 1/2. (2) The proposed
scheme with optimized cyclic shift selection and the
method in [13] achieve the same performance. (3) The
optimized cyclic shift selection achieves better performance than the random cyclic shift selection as expected.
For performance comparison of data, it can be seen that
the proposed method can achieve a performance improvement of 2–3 dB over the methods in [12,13] because of
the cooperative diversity gain.
In summary, simulation results show that the proposed
method can achieve good performance for both control
information and data compared with existing methods,
and thus is an effective method for type II relay system.

Conclusions
A novel relay-assisted retransmission scheme is proposed
for the uplink of LTE-Advanced systems. First, a novel
joint design of reference signal and data precoding at the
relay are proposed, where the data precoding is conducted
on the basis of the cyclic shift of the reference signal. By
such a joint design, the channel estimation mismatch
problem of control information is solved and cooperative diversity gain is achieved for data retransmission.
Second, the proposed design is further extended to support MU-MIMO, i.e., the relay assists the uplink data
retransmission of multiple UEs to eNodeB. A joint design rule of cyclic shifts and data precoding for multiple
transmit antennas at the relay is proposed considering
cyclic shifts of multiple UEs. Simulations are conducted
to verify the effectiveness of the proposed scheme. From
the simulation results, the mismatched channel estimation leads to very bad performance of the control information and simple puncture at the relay can not work
even at high SNR. The proposed scheme is very effective, which achieves better performance than existing
schemes for different coding rate and modulation order.
Optimized cyclic shift selection at the relay can achieve
better performance than random cyclic shift selection,
but the gain is decreased for MU-MIMO.
Abbreviations
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