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1 Introduction

Relaying technology improves the coverage and throughput of LTE-Advanced systems. For uplink relay backhaul in Rel-10, a relay node (RN) operates like a UE, which implies that RN can only support 4 transmit antennas in the uplink. Since RN typically has more power, larger size, and less mobility than UE, it is reasonable to improve the transmission capability of RN beyond that of UE. Enhancement of uplink relay backhaul is an issue in Rel-11 SI on uplink transmission, specified as follows [1]:

Study and evaluate improvements for wireless backhaul, with up to 8 TX antennas supporting up to 4 layers transmission.

In this contribution, we discuss two 8Tx spatial multiplexing schemes with up to 4 layers for uplink relay backhaul and evaluate their performance.

2 8Tx codebook for uplink relay backhaul

To support 8Tx in the uplink relay backhaul, we need to design a 8Tx codebook which is used by RN for uplink precoding. Since a 8Tx codebook is already available for downlink precoding in Rel-10, a straightforward solution is to reuse this codebook. Compared to the uplink 2Tx and uplink 4Tx codebooks, the use of 8Tx downlink codebook may face two problems: 1) it does not have the CMP property possessed by 2Tx and 4Tx uplink codebooks and thus may reduce power efficiency for 8Tx uplink transmission, and 2) it has a relatively large number of elements for rank 1~4 and thus incurs more PMI signalling overhead. The PMI signalling overhead problem can be mitigated by down-sampling the codebooks which is already used in PMI feedback on PUCCH in Rel-10 [2].
An alternative solution is to design a new codebook with CMP property. In particular, we construct a CMP codebook with 16 precoding matrices/vectors for each rank from 1 to 4. This codebook is given as follows:
· RANK 1


[image: image1.wmf]27

1,

1

kkk

T

jjj

k

Ceee

qqq

éù

=

ëû

L

, where
[image: image2.wmf]8

k

k

p

q

=

, 
[image: image3.wmf]0,1,,15

k

=

K


· RANK 2


[image: image4.wmf]2,

0

0

k

k

k

C

éù

=

êú

ëû

x

x

, where 
[image: image5.wmf]23

1,

kkk

T

jjj

k

eee

qqq

éù

=

ëû

x

 
[image: image6.wmf]8

k

k

p

q

=

, 
[image: image7.wmf]0,1,,15

k

=

K


· RANK 3


[image: image8.wmf]1,

3,2,

2,

00

00

00

k

kk

k

C

éù

êú

=

êú

êú

ëû

x

x

x

, where
[image: image9.wmf]2

1,2,

1,1,

kkk

TT

jjj

kk

eee

qqq

éùéù

==

ëûëû

xx


[image: image10.wmf]8

k

k

p

q

=

, 
[image: image11.wmf]0,1,,15

k

=

K

 
· RANK 4


[image: image12.wmf]4,

000

000

000

000

k

k

k

k

k

C

éù

êú

êú

=

êú

êú

ëû

x

x

x

x

, where
[image: image13.wmf]1,

k

T

j

k

e

q

éù

=

ëû

x


[image: image14.wmf]8

k

k

p

q

=

, 
[image: image15.wmf]0,1,,15

k

=

K

 

3 Simulation results
Using link-level simulations, we compare the performance of a CMP codebook and a non-CMP codebook for 8Tx uplink relay backhaul assuming 4 receive antennas at eNodeB. The CMP codebook is given in Section 2. The non-CMP codebook is the down-sampled Rel-10 8Tx downlink codebook for PUCCH mode 1-1 submode 2 [2], which also has 16 precoding vectors/matrices for each rank from 1 to 4. The simulation assumptions are listed in Appendix.
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Fig.1 Comparison between CMP codebook and non-CMP codebook

Fig. 1 compares the spectral efficiency achieved by the CMP codebook and non-CMP codebook. It can be seen that in the SNR range from 1dB to 15dB, the CMP codebook and non-CMP provides almost the same performance. At SNR higher than 15dB, the non-CMP codebook slightly outperforms the CMP codebook. This can be explained by the rank distributions of the CMP codebook and the non-CMP codebook, as shown in Fig.2 and Fig.3 respectively. For instance, at SNR=20dB, rank 3 is most likely for both codebooks and non-CMP codebook achieves a higher probability of rank 3 than the CMP codebook.
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Fig.2 Rank distribution of the CMP codebook
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Fig.3 Rank distribution of the non-CMP codebook

4 Conclusions
In this contribution, we have discussed two types of codebooks for 8Tx spatial multiplexing in the uplink relay backhaul, namely, the down-sampled Rel-10 downlink codebook and a newly designed CMP codebook. The two codebooks offer similar performance in spectral efficiency. Compared to the non-CMP codebook, CMP codebook has the advantage of CMP property and is therefore preferred.
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Appendix            
Link-level simulation assumptions
	Parameter
	Value

	Channel model
	SCM urban micro

	LoS probability; K factor
	0.05; 2.79

	Carrier frequency
	2GHz

	Antenna configuration
	8Tx, 4Rx
ULA with 0.5λspacing

	Channel bandwidth
	10MHz

	Scheduling bandwidt
	5RB

	Channel estimation
	Real

	Cyclic prefix
	Normal

	Rank
	Rank adaptation from 1 to 4

	Receiver
	Linear MMSE

	Maximum number of HARQ transmissions
	4

	Number of HARQ processes
	8

	Retransmission
	Adaptive

	HARQ combining
	Chase combining

	CQI delay
	4 ms
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