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1. Introduction

Successive codebook refinement (SCR), where the codebook is adapted based on the past feedback history, has been proposed in [1] as a technique to improve CSI accuracy. As the refinement process is based on the PMI/CQI history, there is no need for additional feedback overhead beyond Rel. 8. SCR may be considered as a differential scheme [3], [4] that takes the form of codebook adaptation [5-16].  It fits in the two-component precoder format agreed in RAN1#60 as the way forward for UE feedback in Rel. 10. 
In this contribution we provide more details on several aspects of the SCR technique. We focus on the following two SCR defintions:
(1) Autoregressive SCR where the covariance matrix is constructed as 
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 (2) Differential SCR where the covariance matrix is approximated by the following equation:
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 is the codeword to which the PMI at time “t” points to and CB(t) is the codebook during the feedback instant t, whose expression is given by


[image: image4.wmf]))

0

(

)

1

(

(

)

(

5

.

0

CB

t

R

norm

t

CB

-

=





Here CB(0) denotes the base codebook, and “norm”  indicates the normalization of the codeword entries to make them unit norm. The PMI in the SCR formulation can correspond either to a subband or to the whole band.
With SCR there is no need for explicit R feedback as R can be reconstructed at the eNB from the past PMI feedback, assuming no feedback errors. In this contribution we address three aspects regarding the SCR robustness: (1) the effect of rank adaptation. (2) The effect of feedback transmission errors. (3) The effect of abrupt change in the channel covariance.
2. Effect of Feedback Errors and Erasures

Wideband PMI/CQI feedback on PUCCH may suffer from errors. Wideband or subband PMI/CQI on PUSCH (which is protected by CRC) may suffer from erasures. 
Table 1 shows the effect of erasure errors on the accuracy of subband feedback. Erasure events are modelled as IID. Results indicate that erasure errors have a very small effect on SCR.
	8x2 ITU UMi 
0.5λ ULA

MU-MIMO ZF
SB CQI/PMI
	Errorless Feedback
	5% PMI Erasure

	
	Average  
b/s/Hz
	5% cell-edge
b/s/Hz
	Average  
b/s/Hz
	5% cell-edge
b/s/Hz

	CB
	2.96
	0.130
	2.94
	0.130

	R-CB
perfect, errorless R

R update rate=1s
	3.49
	0.150
	3.48
	0.149

	Autoregressive SCR
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 =0.98
	3.44
	0.149
	3.43
	0.148

	Differential SCR
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=0.02
	3.48
	0.157
	3.36
	0.148


Table 1: Effect of erasure errors 
Table 2 shows the effect of PUCCH errors on wideband feedback. PUCCH is modelled as 5Hz fading channel with a diversity factor of 4, code-rate 11/20 and average BLER of 5%. The errors reduce the throughput by around 6% for all feedback schemes; SCR doesn’t show any more sensitivity to errors than the baseline CB or R-CB with R feedback. 
	8x2 SCM low spread
 0.5λ MU-MIMO 

ZF Precoding

WB CQI/PMI
	Errorless Feedback
	5% BLER on PUCCH

	
	Average 
b/s/Hz
	5% cell-edge

b/s/Hz
	Average 
b/s/Hz
	5% cell-edge
b/s/Hz

	CB
	3.14
	0.176
	2.95
	0.164

	R-CB, 6bits quantized R
R update rate=100ms
	3.40
	0.188
	3.24
	0.179

	Autoregressive SCR
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 =0.98
	3.33
	0.186
	3.11
	0.172


Table 2: Effect of PUCCH errors
3. Robustness to covariance change
SCR relies on the past feedback to be relevant to the present channel covariance. If the channel covariance changes significantly faster than the convergence rate of the SCR (e.g. when a UE moves from one room to another in an indoors scenario) then the R-estimate may no longer reflect the present channel and the codebook adaptation may be totally off. 
To speed up recovery from such a situation we build robustness into the SCR by selecting few codewords that are never adapted. The idea is pictorially illustrated in Figure 1.

[image: image8.emf]Base CB Adapted CB


Figure 1: Illustration of partial adaptation. The arrows represent spatially-oriented codewords and the thick arrows correspond to codewords that are not adapted. 
Table 3 shows the SCR with instantaneous changes in R every 200ms. The situation is equivalently simulated by generating an instantaneous change in the estimated-R (at both UE and NB) rather than in the channel. The change amounts to mixing the current R with an equal-power random covariance-like matrix. The results indicate that already during the initial 200ms after the change the average performance supersedes that of the base CB. We may conclude that the effect of infrequent, fast changes in the covariance will have a negligible effect on the overall SCR performance.
	8x2 SCM low-spread
 0.5λ ULA 
MU-MIMO ZF
SB CQI/PMI
	Stationary R
	R changes every 200ms

	
	Average Tput  
b/s/Hz
	5% cell-edge

b/s/Hz
	Average Tput,  
b/s/Hz
	5% cell-edge
b/s/Hz

	CB
	3.39
	0.167
	
	

	R-CB, 6bits quantized R
R update rate=100ms
	3.65
	0.175
	3.53
	0.168

	Autoregressive SCR
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 =0.98
	3.61
	0.179
	3.42
	0.167


Table 3: Effect of fast covariance change
4. SCR with SU-MIMO and Rank-Adaptation
One option to handle rank-adaptation is to construct rank-dependent covariance matrix. I.e., past rank-1 PMIs determine the covariance matrix for rank-1 codewords while rank-2 PMIs determine the covariance matrix for rank 2 codewords. Another option is to combine the rank-dependent constructions into a single, all-rank covariance matrix. Here we explore only the first option for SU-MIMO with rank adaptation up to rank=2. Table 4 indicates that SU benefits from SCR, and that the gap between SCR and perfect R-CB is almost the same as with MU rank=1 (see Table 1).
	8x2 ITU Umi
0.5λ ULA 

SU-MIMO, RA 
SB CQI/PMI
	Average Tput  
b/s/Hz
	5% cell-edge
b/s/Hz

	CB
	2.59
	0.104

	Perfect wideband R, R-CB

R update rate=1s
	2.83
	0.109

	Autoregressive SCR 
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 =0.98
	2.77
	0.113

	Differential SCR  
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=0.02
	2.74
	0.117


Table 4: SCR with rank adaptation
5. Conclusions
Successive codebook refinement (SCR), where the codebook is adapted based on the past feedback history, has been proposed in [1] as a technique to improve CSI accuracy. As the refinement process is based on the PMI/CQI history, there is no need for additional feedback overhead beyond Rel. 8.

In this contribution we have investigated three aspects regarding the SCR robustness: The effect of feedback transmission errors, the effect of abrupt change in the channel covariance and the effect of rank adaptation. We may conclude the following:

1. Simulations of PUCCH errors and PUSCH erasures indicate that SCR is not sensitive to uplink errors.

2. Infrequent, abrupt changes in the channel covariance will have negligible effect on the SCR performance. 
3. A simple rank dependent SCR has shown to provide significant gain over the Rel. 8 type feedback in SU-MIMO. 
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7. Appendix: Simulation Assumptions
	Parameter
	Assumption

	Antenna Configuration
	8 Tx eNB: ULA 0. 5 lambda

2-Rx UE: ULA, 0.5 lambda

	Channel Model
	Table 1: ITU Urban Micro
Tables 2-4: 3GPP case1,  3D , SCM-UMa with low angle spread

	Traffic Model
	Full Buffer

	Duplex method 
	FDD 10MHz

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users 
	10 (on average)

	UE Feedback
	PMI/CQI 

	Feedback Granularity
	1 CQI/PMI report for 5 PRBs,  wideband covariance report for R-CB (codebook adaptation based on explicit R)

	Feedback Impairments
	Reporting period: 5 ms for PMI/CQI.   
                        1000ms for R-CB 
Delay: 5 ms

	8TX Codebook
	ITU scenario (Table1): 4-bit CHT CB [16]
3GPP scenario (Tables 2-4): 4-bit MotoULA CB [17]

	Scheduler Type
	Proportional fair

	MU-MIMO Precoder
	Zeroforcing

	MU-MIMO UE Pairing
	Chordal distance of 1.8 

	Rank-adaptation
	1-layer beamforming per UE, 2 UEs in MU-MIMO

	HARQ Scheme
	Chase Combining 

	Maximum number of retransmissions
	3

	OLLA
	On with Target BLER=20% and warm-up time=1s

	Inter-cell interference modelling
	4 strongest interfering cells are explicitly modelled.

	Receiver Configuration
	ITU scenario (Table1): MMSE

3GPP scenario (Tables 2-4): MRC

	Overhead
	30.3 % (Agreed overhead assumption for performance evaluation for ITU submission (LTEA MIMO/CoMP, L=3 control symbols))
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