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1. Introduction

In RAN1#62 meeting, according to the agreed way forward on CSI feedback for Rel.10 DL MIMO [1], the three PUCCH modes were supported, though further down-selection of the proposed three PUCCH CSI reporting modes is not precluded in the Rel.10 timeframe. One of the proposed PUCCH CSI reporting modes is defined as
· Extension of Rel.8 PUCCH Mode 1-1 with W determined from a single sub-frame report conditioned upon the latest RI report in a previous sub-frame
· For each rank, a subset of codebook C1 and/or subset of codebook C2 are used to ensure a total payload size (W1 and W2 and CQI(s)) of at most 11 bits

· For each rank, the subset of C1 and subset of C2 are fixed and hence not configurable

· For each rank, the subset of C1 and the subset of C2 are designed either separately or jointly

· For example: different subsets of possible co-phasing are used for different groups of beam angles

In this contribution, the subsampling of 8Tx codebooks are investigated to find appropriate codebook subset with good performance and satisfying the PUCCH payload size constraint.
2. Subsampling of 8Tx codebooks
Considering the extension of Rel.8 PUCCH Mode 1-1 with W determined from a single sub-frame report, for RI=1, 4 bits payload is needed for CQI report, therefore, 7 bits are left for PMI report; for RI>1, if 4-bit CQI for the first codeword and 3-bit differential CQI for the second codeword is needed, then only 4 bits can be used for PMI report. In line with the way forward on 8 Tx codebook [2], the payload sizes of W1 without sub-sampling for rank 1~8 are 4, 4, 2, 2, 2, 2, 2 and 0 bits, and that of W2 are 4, 4, 4, 3, 0, 0, 0, and 0, respectively. Therefore, the codebooks for rank 1~4 should be subsampled to satisfy the PUCCH payload size constraint, and the total payload sizes of PMI report for rank 1~4 are 7, 4, 4, and 4 bits, respectively.
2.1. 7-bit codebook for rank 1

Though the codebook for rank 1 in R1-105011 [2] has 4-bit codebook for W1 and 4-bit codebook for W2, actually, there are only 27 different precoding matrices W constituted by W=W1×W2. Hence, a 7-bit PMI can cover all of the candidate precoders in rank 1 codebook. Concretely, the first PMI is compressed into 3 bits, then the repetitive precoders can be avoided. That is, the codebook subset for W1 becomes
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By this subsampling, 1 bit overhead is saved then the PUCCH payload size constraint could be met while no performance loss is brought. Therefore, it is a good choice to subsample rank 1 codebook by this natural way.
Observation:

· For Mode 1-1 with W determined from a single sub-frame report, it is better to compress rank 1 codebook into 7-bit subset, which is composed by all the candidate precoders in rank 1 codebook.
2.2. 4-bit codebooks for rank 2~4
Since a precoder connotes beam direction and co-phasing information. When subsampling the codebook, bits should be allocated between beam direction information and co-phasing information. We consider three kinds of bit allocation below.
(a) 3+1 bit separate subsampled codebook (3+1-S)
The 3+1 bit codebook means 3 bits for separate beam direction and 1 bit for co-phasing information.
· Rank 2:

The codebook subset for W1 is
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The codebook subset for W2 is 
[image: image3.wmf]sub

111111

2

1111

11

, 

22

C

jj

ìü

éùéù

ïï

=

íý

êúêú

--

ïï

ëûëû

îþ

eeee

eeee

%%%%

%%%%

, where 
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 is an 4x1 selection vector with all zeros except for the n-th element with value 1.
· Rank 3~4:

The codebook for W1 is not compressed. 

For rank 3, the codebook for W2 is subsampled into
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where 
[image: image6.wmf]n

e

 is an 8x1 selection vector with all zeros except for the n-th element with value 1.
For rank 4, the codebook subset for W2 is
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(b) 4+0 bit separate subsampled codebook (4+0-S)
The 4+0 bit codebook means 4 bits for separate beam direction and 0 bit for co-phasing information.

· Rank 2~4:

The codebook for W1 is not compressed.
For rank 2, the codebook subset for W2 is
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For rank 3, the codebook for W2 is subsampled into
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For rank 4, the codebook subset for W2 is
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(c) 4+0 bit joint subsampled codebook (4+0-J)
By joint subsampling, different beam directions may correspond to different candidate co-phasing. This subsampling method may improve the performance under ULA configuration since by 
· Rank 2 and 4:

The codebook for W1 is not compressed. 

For rank 2, if the PMI for W1 is 0, 2, 4, 6,…, or 14, the corresponding W2 is 
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; if the PMI for W1 is 1, 3, 5, 7,…, or 15, the corresponding W2 is 
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For rank 4, the codebook subset for W2 is
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(d) 2+2 bit separate subsampled codebook (2+2-S)
· Rank 3:

The codebook for W1 is not compressed. The codebook subset for W2 is
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3. Performance evaluation

In this section, performance evaluation of 8Tx codebook subsampling of PUCCH mode 1-1 with W determined from a single sub-frame report is provided by link level simulation for SU transmission. Since 7-bit codebook subset includes all precoders in the original codebook for rank 1, obviously, no performance loss is introduced by this subsampling. Therefore only rank 2~4 codebook subsets are evaluated.
Simulation assumptions in the agreed way forward [3] are adopted. The hybrid FDM CDM RS pattern shown in Figure 1 is used for simulation. 3 symbols of PDCCH and 2-ports CRS overhead is considered. The overhead of DM RS is 24 REs for rank 3~4, respectively. 8 CSI-RS ports with 1 RE/port/RB are inserted every 10 ms by data puncturing. The main parameters for link level simulation are given in appendix, Table A1. Both closely spaced dual-polarized (DP) and co-polarized ULA are considered. Figure 2~7 show SU performance under DP and ULA configuration, respectively.
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Figure 1: RS pattern for simulation
Figure 2 shows that the performance of 4-bit subsampled codebooks is identical to that of the original 8-bit codebook for rank 2 under DP configuration. From Figure 3, we find that the compression of codebook (from 8 bits to 4 bits) induces a slight performance loss for ULA array.
In Figure 4, the performance loss of 4-bit 3+1-S and 4+0-S codebooks is visible under DP configuration for rank 3 SU-MIMO. 2+2-S is better subsampling method. While under ULA configuration, the performance of 2+2-S codebook is slightly worse than that of the original 6 bits codebook.
From Figure 6 and 7, we can see that the subsampled codebooks have all most the same performance with the original 5 bits codebook for rank-4 SU-MIMO transmission except 4+0 bit joint subsampled codebook under ULA configuration. Therefore, 1 bit reduction of W2 codebook as 4+1-J can ensure 11-bit total payload size and maintain good performance for rank 4 SU-MIMO.
Observation:

· 4-bit subsampled codebook subsets are competent for rank 2 and 4 wideband PMI reports of SU-MIMO.
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Figure 2: SU performance for rank 2 (DP, 0.5λ)
Figure 3: SU performance for rank 2 (ULA, 0.5λ)
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Figure 4: SU performance for rank 3 (DP, 0.5λ)
 Figure 5: SU performance for rank 3 (ULA, 0.5λ)
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Figure 6: SU performance for rank 4 (DP, 0.5λ)
    Figure 7: SU performance for 4 (ULA, 0.5λ)
4. Conclusions

In this contribution, we discuss methods of subsampling 8Tx codebooks to support PUCCH Mode 1-1 with W determined from a single sub-frame report. Separate subsampling either direction or phase offset and joint subsampling schemes are investigated. Based on the above discussion and simulation results, we observe that for Mode 1-1 with W determined from a single sub-frame report
· It is better to compress rank 1 codebook into 7-bit subset, which is composed by all the candidate precoders in rank 1 codebook
· 4-bit subsampled codebook subsets are competent for rank 2 ~4 wideband PMI reports of SU-MIMO.
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Appendix
Table A1: Link level simulation assumptions

	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System bandwidth
	10MHz

	UE distribution
	1 UE per cell, uniformly distributed within
[image: image22.wmf][60,60]

-
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, changed per 400 subframes

	Data transmission BW
	6RBs

	Channel model
	Urban macro with high spread (15° angular spread)

	Fading speed
	3km/h

	Antenna polarization
	8 Tx at eNodeB with 0.5λ spacing, cross-polarized: +/- 45 degrees
4Rx at UE with 0.5λ spacing, cross-polarized: +90/0 degrees

	
	8 Tx at eNodeB with 0.5λ spacing, co-polarized: Vertically polarized antennas
4Rx at UE with 0.5λ spacing, co-polarized: Vertically polarized antennas

	
	ideal antenna calibration, fixed UE antenna orientation

	Link adaptation
	With and without rank adaptation, AMC, HARQ with maximum 3 re-transmissions

	Receiver
	MMSE based on DM RS of serving cell

	Periodicity of CSI RS
	10ms

	Channel estimation
	2-D MMSE on CSI RS and DM RS

	RI/PMI/CQI feedback delay
	5ms

	Precoding granularity
	All-band (wideband CQI)
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