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1. Introduction
In RAN1#73, the following conclusions were agreed for details of feedback modes [1].
· Confirm working assumption that PUSCH mode 3-2 can be configured in TMs 4 and 6 when Rel-8 codebook is used. 
· No RRC configuration of the sub-band size. 

· PMI sub-band sizes are the same as the CQI sub-band sizes.
· For 4Tx feedback in Rel.12, rank-3/4 reuses Rel.8 codebook
· W1=Identity, W2=Rel.8 codewords
· PUSCH Mode 3-2
· Rank 3 & 4: Number of bits of i1 =0, number of bits of i2 =4 (i.e. No sub-sampling)
· If the Rel-12 codebook is configured :

· PUCCH Mode 1-1 Submode 1
· Rank 1-2: FFS until remaining codebook details are agreed. 

· Rank 3 & 4: Number of bits of i2 =4 (i.e. No sub-sampling)

· PUCCH Mode 1-1 Submode 2
· Rank 1-2: FFS until remaining codebook details are agreed.
· Rank 3 & 4: number of bits of i1 =0, number of bits of i2 =4 (i.e. No sub-sampling)
· PUCCH Mode 2-1 
· PTI=0 is not supported for rank 3 & 4.
· Rank 1-2: FFS until remaining codebook details are agreed.
· Rank 3 & 4: 
· Working assumption: Sub-sampling on subband W2 (number of bits of i2 =2); details FFS until remaining codebook details are agreed
Based on these conclusions on feedback mode with new 4Tx codebook or Rel-8 4Tx codebook, we further discuss the remaining details related to CSI feedback modes for enhanced MIMO. 
2. Discussion on remaining details of CSI feedback modes
· UCI-only transmission for aperiodic feedback mode 3-2
In Rel-11, the maximum number of PRBs used for UCI-only feedback is 4 for one component carrier or up to 20 for more than one component carrier or 20 for multiple CSI processes [2]. However, the feedback overhead of aperiodic mode 3-2 increases remarkably with additional subband PMI feedback, which is related to the number of subbands and codebook size of the second PMI. For example, feedback content and overhead for aperiodic feedback mode 3-2 with 8 and 4 CSI-RS ports are shown in Table 1. In this table, N is determined by the system bandwidth and subband size. The maximum feedback overhead for mode 3-2 is 8N+12, whereas that for mode 3-1 is only 4N+16. When the system bandwidth is 20MHz, the subband number is 13. Therefore, there is almost 70% overhead increase with introduction of mode 3-2. Code rate analysis for UCI-only transmission is given in Table 2. From the results, the code rate in case of 4PRB and extend CP exceeds 1 when CQI, PMI, RI, ACK, NACK and SRS are simultaneously transmitted in one uplink subframe. The CQI/PMI could not be reliable transmitted in this case. Thus, standardization or realization solutions are required.
Table 1 Feedback content and overhead for aperiodic feedback mode 3-2 with 8/4 CSI-RS ports

	Field
	Bit width

	
	Rank = 1
	Rank = 2
	Rank = 3
	Rank = 4
	Rank = 5
	Rank = 6
	Rank = 7
	Rank = 8

	Wideband CQI codeword 0
	4/4
	4/4
	4/4
	4/4
	4/NA
	4/NA
	4/NA
	4/NA

	Subband differential CQI codeword 0
	2N/2N
	2N/2N
	2N/2N
	2N/2N
	2N/NA
	2N/NA
	2N/NA
	2N/NA

	Wideband CQI codeword 1
	0/0
	4/4
	4/4
	4/4
	4/NA
	4/NA
	4/NA
	4/NA

	Subband differential CQI codeword 1
	0
	2N/2N
	2N/2N
	2N/2N
	2N/NA
	2N/NA
	2N/NA
	2N/NA

	Wideband first PMI i1
	4/4
	4/4
	2/0
	2/0
	2/NA
	2/NA
	2/NA
	0/NA

	Subband second PMI i2
	4N/4N
	4N/4N
	4N/4N
	3N/4N
	0/NA
	0/NA
	0/NA
	0/NA


Table 2 Code rate analysis for UCI-only transmission
	PRB Size and CP type
	PUSCH contents (incl. 8 bit CRC) and code rate

	
	CSI
	CSI
SRS
	CSI
A/N
	CSI
RI
	CSI
A/N
SRS
	CSI
RI
SRS
	CSI
A/N
RI
	CSI
A/N
RI
SRS

	4 RBs, Normal CP 
	0.108
	0.117
	0.161
	0.161
	0.185
	0.185
	0.323
	0.431

	6 RBs, Normal CP
	0.072
	0.078
	0.108
	0.108
	0.123
	0.123
	0.215
	0.287

	4 RBs, Extended CP
	0.129
	0.144
	0.215
	0.215
	0.258
	0.258
	0.646
	1.292

	6 RBs, Extended CP
	0.086
	0.096
	0.144
	0.144
	0.172
	0.172
	0.431
	0.861


For standardization solution, one direct method is to extend the maximum PRB number to accommodate UCI-only feedback overhead of mode 3-2. Alternatively, UCI-only with more than 1 layer transmission may be another method to accommodate the increased feedback overhead when UL MIMO is supported. However, it requires much standardization effort. On account of limited time for eMIMO work item, we suggest to adopt the first solution if standardization solution is required. Based on feedback overhead of mode 3-2, maximum 6 PRB and 30 PRB are, respectively, suitable values for UCI-only feedback for one CSI feedback and multiple CSI feedback to meet UCI performance requirement as in Rel.8 [3]. In summary, our proposals are:

Proposal 1: For 1 bit aperiodic triggering, the maximum PRB size for UCI only transmission needs to be increased to 6 in order to support feedback overhead of PUSCH mode 3-2. 
Proposal 2: For 2 bits aperiodic triggering, the maximum PRB size for UCI only transmission needs to be increased to 6 for one carrier or min{30, 
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} for multiple carriers and/or multiple CSI processes in order to support feedback overhead of PUSCH mode 3-2. 
· Codebook selection for configuration of RI-reference CSI process
To reduce eNB/scheduler implementation complexity, RI-reference CSI process may be configured to UE in TM10. According to the agreement of RAN1 72b meeting, different codebooks could be RRC configured per CSI process disregarding whether a RI-reference CSI process is configured. Since Rel-8 4Tx codebook and Rel-12 new codebook are designed with different considerations and the selected rank with Rel-8 codebook and Rel-12 new codebook could not be guaranteed to be same, the performance needs to be tested when different codebooks are used in the RI-reference CSI process and the linked CSI process. This will increase RAN4 work load. Also, implementation complexity at eNB side is increased if precoding matrix needs to be adjusted. From the performance point of view, no significant gain is expected with different codebook configuration, especially in case of JT transmission. Therefore, we suggest that UE is not expected to receive configuration of different codebook for CSI process and ‘RI-reference CSI process’.
Proposal 3:   A UE is not expected to receive configuration of different codebooks for a CSI process and ‘RI-reference CSI process’.
· Codebook subsampling for periodic feedback mode with new 4Tx codebook

According to the email discussion results, Alt 2a is adopted as new 4Tx codebook. The codebook size is 4/4/0/0 and 4/4/4/4 for rank 1-4 of W1 and W2, respectively. To guarantee the performance of UCI, the PUCCH payload size should be no more than 11 bits if the CSI report type includes CQI/PMI and no more than 5 bits if the CSI report type includes RI feedback. Thus, the codebook subsampling is required for periodic feedback mode 1-1 and 2-1.
For submode 1 of periodic feedback mode 1-1, email discussion was made after RAN1 73 meeting. For rank 2, the agreed conclusion for codebook subsampling is [0, 1, 2, ... , 7]. For rank 1, there are two alternatives. The main difference between these two alternatives is whether to use subsampling for rank 1 when up to 4 layer spatial multiplexing is supported. The motivation for alternative 1, that is no subsampling for rank 1, is performance gain achieved by large size of rank 1 W1. However, UE will have more complexity due to two subsampling tables. As for which one to adopt  for rank 1 codebook, performance evaluation and the realization algorithm is required to choose between the two rank 1 codebook ([IRI/PMI1] or [2IRI/PMI1]).
For submode 2 of periodic feedback mode 1-1, PUCCH report type 2c including PMI1/PMI2/CQI is reported in one subframe and subsampled for the first and the second PMI is required to meet the demand of PUCCH overhead. In Table 3, the codebook subsampling method is given in detail. For rank 1, codebook subsampling is only used for the first PMI. Since both the first PMI and the second PMI are fed back together, joint selection algorithm could be used. Thus, a certain overlap is kept to guarantee the robust performance and codewords with index 2IRI/PMI1 is kept by subsampling. For rank 2, total 4 bits are used for PMI feedback. The first PMI and the second PMI are subsampled by 2 bits.  Similar method with higher subsampling rate for rank 1 codebook is used for the first PMI. For the second PMI, one bit is used to select cophasing factor and determines which one of
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is used. Another bit is used to select beam and determines which one of 
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is used. For rank 3 and 4, subsampling is not needed since there is not a problem for UCI signaling overhead.
Table 3. Codebook subsampling method for PUCCH Mode 1-1 with submode 2

	RI
	Relationship between the first PMI value and codebook index 
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For periodic feedback mode 2-1, PUCCH report type 1a is required to be subsampled, including PMI2/CQI/subband label index. In Table 4, the proposed codebook subsampling method is given in detail. For rank 1, only one CQI is fed back and total feedback overhead is no larger than 10 bits. There is no need for subsampling. For rank 2-4, the number feedback bit is required to be no more than 2 to keep the total number bits no more than 11. In detail, for rank 2, the same subsampling method is used with that for the second PMI of submode 2 of periodic feedback mode 1-1. For rank 3 and 4, 4 codewords are selected by subsampling with some optimized principles, such as maximizing minimum chordal distance or keeping DFT vector with equal spacing. Thus, we suggest to keep the last four or the first four codewords  for codebook subsampling.
Table 4. Codebook subsampling method for PUCCH Mode 2-1
	RI
	Relationship between the second PMI value and codebook index 
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Proposal 4: Codebook subsampling methods given in Table 3 and Table 4 are used for PUCCH mode 1-1 with submode 2 and PUCCH mode 2-1, respectively.
3. Conclusions
Based on the above discussion, our proposals are made as follows:
Proposal 1: For 1 bit aperiodic triggering, the maximum PRB size for UCI only transmission needs to be increased to 6 in order to support feedback overhead of PUSCH mode 3-2. 
Proposal 2: For 2 bits aperiodic triggering, the maximum PRB size for UCI only transmission needs to be increased to 6 for one carrier or min{30, 
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} for multiple carriers and/or multiple CSI process in order to support feedback overhead of PUSCH mode 3-2.  

Proposal 3: A UE is not expected to receive configuration of different codebooks for a CSI process and ‘RI-reference CSI process’.
Proposal 4: Codebook subsampling methods given in Table 3 and Table 4 are used for PUCCH mode 1-1 with submode 2 and PUCCH mode 2-1, respectively.
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