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1 Introduction
In RAN1 #72bis, the codebook design structures for further enhanced DL-MIMO in Rel-12 were discussed. As per the agreements on CSI feedback enhancement, a new 4-Tx codebook will be adopted at least for rank1-2 [1]. Furthermore, some details of CSI reporting based on Rel-12 dual codebook were also considered with the following agreement [1]: 
· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback:

· A wideband CQI: 4 bits

· Per subband differential CQI with respect to wideband CQI as PUSCH 3-1 : 2 bits

· A wideband PMI based on W1 codebook

· 2 Tx: 0 bit

· 4 Tx: 

· 0/0 bits for rank 1-2 respectively if Rel 8 codebook is configured to the UE

· FFS for rank 3-4 

· FFS if Rel 12 dual codebook is configured to the UE

· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively

· Per subband PMI(s) based on W2 codebook

· 2Tx: 2/1 bits for rank 1 – 2 based on Rel 8 2Tx codebook

· 4Tx: 

· 4/4  bits for rank 1-2 respectively if Rel 8 codebook is configured to the UE

· FFS for  rank 3-4 

· FFS for rank 1-4 if Rel 12 dual codebook is configured to the UE

· 8Tx:  0/0/0/0 bits for rank 5 – 8 respectively

· FFS until RAN1#73 for rank 1-4 with codebook sub-sampling
· Subband Size

· Working assumption that the CQI and PMI subband sizes are the same

· Revisit if a problem emerges when finalising the feedback report sizes

· Study further until RAN1#73 whether there is a benefit from allowing different CQI and PMI subband sizes

· Working assumption that the existing CQI and PMI subband sizes are used

· Study further until RAN1#73 whether there is a benefit from RRC-configurable subband sizes

· Additional information in the CSI reports is FFS

· For example CSI feedback enhancements targeted at improving MU performance

· Confirm working assumption of using Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

· The new aperiodic PUSCH feedback mode 3-2 can be only configured for DMRS-based transmission mode 8,9, and 10 when PMI/RI reporting is configured;

· Working assumption that the aperiodic PUSCH feedback mode 3-2 can be configured for TM4,6 when the Rel-8 codebook is used

· Revisit at RAN1#73 if a problem is found with TM4,6, or if no gain is found. 

· A new Rel-12 codebook is not applicable to TM4,6

· Assuming a new 4Tx codebook is introduced, it should be supported for all aperiodic reporting modes that are valid for TMs 8,9,10 when PMI/RI reporting is configured and periodic feedback modes 2-1 and 1-1 

· Assuming a new 4Tx codebook is introduced, RRC configuration per CSI process determines whether the UE uses the Rel-8 4Tx codebook or the Rel-12 dual codebook.  

The discussion on codebook structures for rank1-2 is presented in our company contribution [2]. The introduction of enhanced 4-Tx codebook will have impact on specifications with respect to CSI reporting. Moreover, the corresponding procedures and control signallings required to support new 4-Tx codebook should be considered as well. Therefore, the subset restriction and configuration of enhanced 4-Tx codebook are discussed in this contribution.
2 Subset restriction of enhanced 4-Tx codebook
Codebook subset restriction was introduced in Rel-8 to offer options for network side to control the CSI reporting procedure for each UE, wherein bitmaps with up to 64 bits were used to indicate the codebook subsets available for UE to choose PMI/RI. The CSR scheme defined in Rel-8 can be used for eNB to indicate the ON/OFF of every single precoder in CSI reporting. However, considering the large overhead with enhanced 8-Tx codebook,   a group-wise CSR scheme was adopted in Rel-10. As shown in Table 1, instead of an overall bitmap indicating each combination of W1 and W2, CSR bitmaps 
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are associated with W1 and W2 respectively. 
Table 1. Codebook subset restriction of 8-Tx codebook
	
	Codebook size
	Bitmap size
	CSR bitmap

	Rank
	1
	2
	3
	4
	5
	6
	7
	8
	
	

	W1 (i1)
	16
	16
	4
	4
	4
	4
	4
	1
	53
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	W2 (i2)
	16
	16
	16
	8
	-
	-
	-
	-
	56
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	Total
	109
	


With dual-codebook structures for at least rank1-2, the following CSR schemes targeting different enhanced 4-Tx codebook designs can be considered:
Alt-1: group-wise bitmap (apply to full-rank dual-codebook structure)
If dual-codebook structure is also adopted for rank3-4, a group-wise bitmap can be used for CSR indication. According to the agreement on codebook structure, the CSR bitmap size for Alt-1 can be summarized as follows:

Table 2. Group-wise bitmap for 4-Tx codebook subset restriction
	
	Codebook size
	Bitmap size

	Rank
	1
	2
	3
	4
	

	W1 (i1)
	16
	16
	4
	4
	40

	W2 (i2)
	16
	16/8
	16/8
	8
	56/48/40

	Total
	96/88/80


Alt-2: group-wise and precoder-wise bitmaps for rank1-2 and rank3-4 respectively (apply to mixed codebook structure)

If a mixed codebook structure with dual-codebook for rank1-2 and Rel-8 codebook for rank3-4 is used in Rel-12, a mixed CSR indication scheme can also be considered. As shown in Table 3, a group-wise bitmap described in Table 1 is reused for rank1-2, whereas a precoder-wise bitmap is designated for rank3-4.
Table 3. Mixed indication scheme for 4-Tx codebook subset restriction
	
	Codebook size
	Bitmap size

	Rank
	1
	2
	3
	4
	

	W1 (i1)
	16
	16
	-
	-
	32

	W2 (i2)
	16
	16/8
	16
	16
	64/56

	Total
	96/88


Alt-3: precoder-wise bitmap (apply to both cases)
For both codebook structure mentioned above, precoder-wise bitmaps can be used to indicate each precoding matrix available within the restricted codebook subset. The bitmap size required for full-rank dual codebook is listed in Table 4. Table 5 shows a example with mixed codebook structure.
Table 4. Precoder-wise indication for full-rank dual codebook
	
	Codebook size
	Total

	Rank
	1
	2
	3
	4
	

	W1 (i1)
	16
	16
	4
	4
	

	W2 (i2)
	16
	16/8
	16/8
	8
	

	Bitmap size
	256
	256/128
	64/32
	32
	608/576/480/448


Table 5. Precoder-wise indication for mixed codebook structure
	
	Codebook size
	Total

	Rank
	1
	2
	3
	4
	

	W1 (i1)
	16
	16
	-
	-
	

	W2 (i2)
	16
	16/8
	16
	16
	

	Bitmap size
	256
	256/128
	16
	16
	544/416


3 Configuration of enhanced 4-Tx codebook
As shown in the contributions from many companies [3-5] throughout the discussion in Rel-12, the combination of dual-codebook structure and finer feedback granularity can provide notable gain over existing feedback scheme for 4-Tx case. However, the burden for UE to exhaustively search in the codebook over each subband should be noticed too.  From the complexity and cost perspective, the capability for a Rel-12 UE to support enhanced 4-Tx codebook should be a UE-dependent feature, and should be informed to eNB before the RRC configuration per CSI process determines whether the UE uses the Rel-8 4Tx codebook or the Rel-12 dual codebook. 
4 Conclusions

The subset restriction indication schemes and configuration mechanism for enhanced 4-Tx codebook are discussed in this contribution. Based on the discussion above, we have the following observations:
Observation 1: CSR bitmap overhead reduction can be realized with group-wise (Alt-1) or mixed indication schemes (Alt-2). 
Observation 2:  From the complexity and cost perspective point of view, the capability for a Rel-12 UE to support enhanced 4-Tx codebook should be a UE-dependent feature, and should be informed to eNB before the RRC configuration per CSI process determines whether the UE uses the Rel-8 4Tx codebook or the Rel-12 dual codebook.  
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