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1 Introduction
In RAN WG1 meeting #62 a way forward [1] on CSI feedback for Rel.10 DL MIMO was agreed. It describes three different CSI reporting modes using PUCCH, two originating from reporting mode 1-1 and one from mode 2-1 in Rel.8.
The agreed codebook [2] consists of up to 8 PMI bits per rank and since PMI is in one of the modes reported together with CQI, the 11 bits payload with normal CP is not enough and a subset (i.e. a down sampled version) of the codebook must be used.

The agreed codebook in [2] actually consists of two codebooks 
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 which are a function of the rank r, from which the respective matrices 
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 are selected. The selected precoding matrix 
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, a subset of the matrices for each rank is selected and the corresponding codebooks 
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 are obtained.
The aim of this contribution is to find a down-sampled Rel.10 codebook for PUCCH mode 1-1. 
2 Extension of Rel.8 PUCCH mode 1-1 with 
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 reported in same subframe
In this reporting mode, both 
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 are reported in the same subframe, conditioned on the last rank r report (RI) in a previous subframe [1]. Furthermore 
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 are fixed and not configurable and designed to ensure a total payload of at most 11 bits [1]. Re-using PUCCH mode 1-1 structure from Rel.8 also means that 4 bits is reserved for the wideband PMI reporting. The aim here is to maintain the 4 bits when reporting both 
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 in Rel.10 and this means that down-sampling of the codebooks must be defined for rank 1-4 since for these rank the total codebook size is 8,8,6 and 5 bits respectively. 
We suggest that the down-sampled codebooks should provide the following features: 

1. At least 8 uniformly spaced beam directions for both XPOL and ULA antennas setups shall be supported due to primarily MU-MIMO performance reasons
2. 
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 shall contain at least BPSK co-phasing, to support XPOL antenna setups

3. Matrices that have overlapping beams in 
[image: image20.wmf])

(

r

C

1

 is removed

4. Nested property between ranks shall be maintained, whenever possible
5. 
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 is down-sampled in the same manner for  r=1 and r=2 and for r=3 and r=4 respectively, i.e. 
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By adopting these “rules” implies for rank 1 that every 2nd beam group in 
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 are selected and 
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 always select the first beam in each beam group and use the single bit to perform BPSK co-phasing. This will also ensure 8 DFT beams for ULA antenna setups and gives a 3 bits 
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Using the notation from TS 36.211 V9.1.0, we get the following down-sampled codebook:
For rank 1:  
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For rank 2, every 2nd beam group in 
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 are selected and 
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 selects the first beam or third beam in each beam group and use them for both layers. This gives 3 bits for 
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 and the following down-sampled codebooks
For rank 2:  
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For rank 3, every 2nd beam group in 
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 selects every 2nd beam selection alternative. This gives 1 bit for 
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For rank 3:  
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For rank 4, every 2nd beam group in 
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, i.e. no down-sampling. This gives 1 bit for 
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For rank 4:  
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2.1 Simulation results 
A SU-MIMO link simulation with HARQ was used to see the effects of codebook down-sampling on the throughput. The results are shown as the normalized throughput as a function of receiver SNR and the reference is the original codebook which uses 4 bits for 
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 respectively. For rank 1+2, an 8x2 MIMO setup was used in an Urban Macro channel with 15° angular spread and λ/2 spaced antennas at eNB. The results are shown in Figure 1 below. 
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Figure 1 Effects of down-sampling of 
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, for r=1,2,  on the throughput when using PUCCH feedback mode 1-1. 8x2 with XPOL antennas in SCM Urban Macro.
For rank 3+4, an 8x8 MIMO setup was used in an Urban Micro channel with 4λ spaced antennas at eNB. The results are shown in Figure 2 below.
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Figure 2 Effects of down-sampling of   
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 for r=3, 4,  on the throughput when using PUCCH feedback mode 1-1. Setup is 8x8 with XPOL antennas in SCM Urban Micro.
From these results, we notice that the effect of the down-sampling is less than 2% in throughput for the lower ranks and 5% for the higher ranks.

3 Extension of Rel.8 PUCCH mode 1-1 with W1 and RI reported in the same subframe

In this PUCCH reporting mode, the rank indicator RI and 
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 are jointly encoded and transmitted in a first report. In a second report, 
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 is reported together with the CQI. Since 
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 has at most 4 bits, there is no need to down-sample 
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 to fit into an 11 bit report.

However, in the first report, the total number of hypotheses across ranks (which determine the number of bits for straightforward joint encoding) is obtained by the sum of the cardinality of each codebook set as
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which means that 6 bits is needed for the first report. 
A link simulation was made to see the required SNR to reach 1% BLER for the joint RI+
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 report, see the results in Table 1 and simulation assumptions in Appendix A. According to [3], the CQI requirements for PUCCH are measured at 1% BLER for a 4 bit payload, hence we select a 1% BLER target here as well. 

The results in Table 1 below shows a dramatic (~1.9 dB) drop in the required SNR when comparing 5 and 6 bits transmission. This is a well known phenomena and due to a property of the used Reed-Muller code [4].  Therefore, if we reduce the size of this report from 6 to 5 bits, there would be a dramatic improvement in the coverage and robustness. It is therefore motivated to investigate down-sampling methods also for this report, to avoid the large loss existing for 6 bit payloads. 
Table 1 Required SNR to reach 1% BLER for jointly encoded rank and W1 report.

	Number of information bits for the joint RI+
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 report
	Required SNR @ 1% BLER

	2 bits
	-8.3 dB

	3 bits
	-7.0 dB

	4 bits
	-6.0 dB

	5 bits
	-5.6 dB

	6 bits
	-3.7 dB


By following the same down-sampling guidelines as in the previous section, we suggest that 
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is down-sampled by removing the overlapping beam groups, which gives 
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hypotheses. This still require 6 bits, but by also removing one of the matrices in rank 7, we reach a 32 hypotheses joint encoding of RI and 
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. The removal of this rank 7 hypothesis has only impact (probably marginal) on the throughput for UEs with 8 receiver antennas. 
To summarize, in the joint encoding of RI and
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, a down-sampled 
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 is proposed as follows:
For rank 1 and 2: 
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For rank 3 and 4: 
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For rank 5 and 6: 
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For rank 7:   
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3.1 Simulation results 

To see the effects on performance of this down-sampling of 
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, an 8x8 simulation in Urban Micro channel with 4λ spaced antennas at eNB was performed with rank adaptation enabled, see results in Figure 3. In these simulations an error-free feedback was used motivated by the fact that the SNR range was above 0 dB and as can be seen in Table 1, the feedback BLER is then significantly less than 1%. Nevertheless, these results show the effects of the down sampling on the throughput only. 

It is apparent from Figure 3 that removing the beam overlap matrices in 
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and one of the matrices for rank 7, has no impact on the performance. 
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Figure 3 Effects of down-sampling of   
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 on the throughput when using PUCCH feedback mode 1-1. 8x8 with XPOL antennas in SCM Urban Micro
4 Conclusion
In this document, down-sampling of the codebooks for PUCCH reporting modes 1-1 has been discussed. Based on the analysis, we propose the following down-sampling of 
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for CSI mode 1 (W1 and RI jointly encoded and reported in the same subframe)
For rank 1 and 2: 
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For rank 3 and 4: 
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For rank 5 and 6: 
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For rank 7:   
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And the following down-sampling of 
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for CSI mode 2 (W1 and W2  reported in the same subframe) :

For rank 1: 
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For rank 2: 
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For rank 3: 
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For rank 4: 
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For rank>4: No down-sampling needed.
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6 Appendix A – Link simulation assumptions

	Parameters
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz 

	Channel model
	TU

	Frequency hopping
	At slot boundary

	Antenna setup
	1Tx, 2Rx

	Channel estimation
	Realistic

	CP type
	Normal CP

	Number of UEs
	1

	UE speed 
	3 km/h
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