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1 Introduction
In LTE Rel-8/9, a UE is restricted to report PMI and RI within a precoder codebook subset specified by a bitmap parameter codebookSubsetRestriction configured by higher layer signalling [1]. Therefore, the computation complexity in selecting PMI and RI for the associated feedback report can possibly be reduced at UE. In RAN1#62, it was agreed that UE-specific codebook subset restriction following the Rel-8 principle is supported in Rel-10 [2]. In this contribution, the details on the codebook subset restriction for 8 Tx codebook in LTE Rel-10 is discussed.
2 Codebook Subset Restriction Schemes for 8 Tx in TM9
In [3] and [4], dual PMIs are used for 8 Tx codebook, i.e. W1 for codebook C1 and W2 for codebook C2. Then, a pair of W1 and W2 will correspond to one 8 Tx codeword in codebook C. If codebook sub-sampling is not assumed, the numbers of codewords per rank in C1, C2 and C are listed in Table 1. Herein, the total number of codewords across ranks in C is 621.
Table 1 Codebook size per rank
	
	Codebook size

	Rank
	1
	2
	3
	4
	5
	6
	7
	8

	n(C1)
	16
	4
	4
	1

	n(C2)
	16
	16
	16
	8
	1
	1
	1
	1

	n(C1(C2)
	256
	256
	64
	32
	4
	4
	4
	1


In RAN1#62bis, it was agreed that only one new transmission mode TM9 (transmission mode 9) is defined for Rel-10 DL MIMO supporting SU-MIMO up to rank-8 and SU/MU dynamic switching [5]. In RAN1#62, three additional extended PUCCH report modes were agreed to enhance PUCCH based feedback report in LTE Rel-10 [2]. In the mode of extension of Rel.8 PUCCH Mode 1-1 with RI and W1 signalled in the same subframe, codebook sub-sampling of W1 may be performed to ensure that the total payload is sufficiently small. And in the mode of extension of Rel.8 PUCCH Mode 1-1 with W determined from a single sub-frame report, a subset of codebook C1 and/or subset of codebook C2 for each rank are used to ensure a total payload size (W1 and W2 and CQI(s)) of at most 11 bits.  In [6-8], detailed feedback schemes for LTE-A were discussed. The following observation is made,

Observation 1: The codebook for each report mode in TM9 is the sub-sampled version of the same baseline codebook.

Observation 2: Codebooks for different report modes in TM9 may be different, if the report mode specific codebook sub-sampling is used.
In the following, three candidate codebook subset restriction schemes are discussed.
2.1 Alt1: Codebook Subset Restriction to the baseline codebook
As codebooks for each report modes in TM9 are separately sub-sampled from the same baseline codebook, it is possible to only consider codebook subset restriction to the baseline codebook. From Table 1, the total number of codewords in baseline codebook C is 621. Then, the bitmap size of 621 is needed for codebook subset restriction to the baseline codebook. In this scheme, the actual codebooks for each report mode in TM9 will depend on the restricted baseline codebook and the respective sub-sampling schemes. That is, the codebook for each report mode is the sub-sampled version of the restricted baseline codebook. 
2.2 Alt2: Report Mode based Codebook Subset Restriction
With different sub-sampling, the actual codebooks for different report modes in TM9 may be different. It is also possible to define codebook subset restriction scheme as per feedback report mode in TM9.  
In this case, the number of bits needed for each codebook subset restriction bitmap for each report mode may be different. For example, if using the down-sampling scheme for PUCCH Mode 1-1 in [6] and assuming no down-sampling for PUCCH mode 2-1 and PUSCH report mode, the bitmap size for each codebook subset restriction for each report mode are listed as below.
PUCCH

Reporting mode 1-1, CSI mode 1:             300 bits (downsampled)

Reporting mode 1-1, CSI mode 2:             80 bits   (downsampled)

Reporting mode 2-1:                                      621 bits (full)

PUSCH

Reporting mode 1-2:                                      621 bits (full)

Reporting mode 2-2:                                      621 bits (full)

2.3 Alt3: Dual PMI based Codebook Subset Restriction scheme

Another possible candidate is to apply two separate codebook subset restriction for W1 and W2, i.e. dual PMI based codebook subset restriction.
For PUSCH based feedback mode, if codebook sub-sampling is not assumed, the bitmaps associated to W1 and W2 are as shown in Figure 1. Herein, the bitmap sizes are respectively 53 and 60. For PUCCH based feedback mode, the bitmaps will depend on the final codebook sub-sampling scheme for each extended report mode.
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(a) bitmap for W1
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(b) bitmap for W2

Figure 1 Dual PMI based Codebook subset restriction: bitmaps for W1 and W2 
In [9], another dual PMI based codebook subset restriction scheme was proposed, wherein the bitmap size for W1 was decreased to 25bits with exploration of the redundancy in W1. However, this reduction may lead to some unnecessary restriction to W1. For example, if one codeword associated to W1 is restricted for rank=1 case, this codeword will also be restricted for rank=2 case.    
As to dual PMI based codebook subset restriction scheme, the bitmap size is much smaller than those in Alt 1 and Alt2. However, the flexibility of codebook subset restriction can not be fully achieved with limited bitmap size. For example, if one codeword related to W1 is restricted, all the associated codewords in W will be restricted regardless of W2. So, if the bitmap size is not a big issue in high layer signalling for codebook subset restriction, we prefer selecting codebook subset restriction scheme from Alt 1 and Alt 2.
3 Conclusion
In this contribution, three candidate codebook subset restriction schemes for 8 Tx in LTE Rel-10 are discussed. If the bitmap size is not a big issue in high layer signalling for codebook subset restriction, we propose to further down-select codebook subset restriction scheme from Alt 1 and Alt 2.
4 References

[1] 3GPP TS 36.213 V9.1.0
[2] R1-105067, Way Forward on CSI Feedback for Rel.10 DL MIMO, Texas Instruments, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, AT&T, CEWiT, Ericsson, Intel, LG Electronics, Nokia, Nokia Siemens Networks, Orange, Panasonic, RIM, Samsung, Sharp, ST-Ericsson. Madrid, Spain, August 2010.

[3] R1-105011,WF on 8 Tx codebook, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, AT&T, CATT, CEWiT, CMCC, Ericsson, Kyocera, LG Electronics, LG-Ericsson, Marvell, Mitsubishi Electric, Motorola, NEC, Nokia, Nokia Siemens Networks, NTT DoCoMo, Panasonic, Qualcomm Inc., Samsung, Sharp, Sony Corporation, ST-Ericsson, Texas Instruments. Madrid, Spain, August 2010.
[4] R1-105096, Introduction of Rel-10 LTE-Advanced features in 36.211, Ericsson, 3GPP RAN1#62, Madrid, Spain, August 2010.
[5] R1-105783
Way Forward on Transmission Mode and DCI Design for Rel-10 DL MIMO  ZTE, CMCC, Ericsson, ST-Ericsson, Nokia, Nokia Siemens Networks, NTT DOCOMO, Panasonic, Xi’an, China, Oct, 2010
[6] R1-105249, Down-sampling C1 and/or C2 for PUCCH Mode 1-1 in Rel.10, Huawei, HiSilicon Xi’an, China, Oct, 2010

[7] R1-105250, Discussion on CSI reporting modes on PUSCH, Huawei, HiSilicon Xi’an, China, Oct, 2010
[8] R1-105134, Further clarification of PUCCH 2-1 in Rel.10, Huawei, HiSilicon Xi’an, China, Oct, 2010
[9] R1-105381, Further details on UE-specific codebook subset restriction, Samsung, Xi’an, China, Oct, 2010 



















































































































































































































































_1349960240.unknown

_1349960602.unknown

