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1 Introduction
In 3GPP RAN1 #72bis, the working assumption regarding on DL MIMO enhancement was made as follow [1]:
Agreement:
· 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 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.
In this contribution, we present Samsung’s view on the following two remaining issues to support PUSCH feedback mode 3-2 in Rel-12:

1. PUSCH feedback mode 3-2 in case of Rel-8 codebook configured
2. UCI payload size in case of UCI-only transmission
2 PUSCH Feedback Mode 3-2 in case of Rel-8 Codebook
One remaining issue on PUSCH feedback mode 3-2 is whether to support the new feedback mode for CRS-based MIMO transmission modes when Rel-8 codebook is used. So far, each feedback mode is associated to transmission mode (TM) and configuration of PMI/RI reporting as follows:

· TMs 1, 2, 3, 7: Feedback modes 2-0, 3-0

· TMs 4, 6: Feedback modes 1-2, 2-2, 3-1

· TM 5: Feedback mode 3-1

· TM 8: 

· Feedback modes 1-2, 2-2, 3-1 if UE is configured with PMI/RI reporting; 

· Feedback modes 2-0, 3-0 if UE is configured without PMI/RI reporting

· TMs 9, 10: 

· Feedback modes 1-2, 2-2, 3-1 if UE is configured with PMI/RI reporting and number of CSI-RS ports>1; 

· Feedback modes 2-0, 3-0 if UE is configured without PMI/RI reporting or number of CSI-RS ports=1.

If feedback mode 3-2 can be configured for CRS-based MIMO modes, it could be simply described in the specification by adding the following text:

· TMs 4, 6: Feedback modes 1-2, 2-2, 3-1, 3-2
Note that there would be a separate text in the specification which limits the application of Rel-12 codebook to TMs 8/9/10. That is, in specification point of view, PUSCH mode 3-2 for TM 4/6 in case of Rel-8 codebook could be supported with minimal spec change.
In UE implementation perspective, the impact would also be relatively small since the calculation of subband PMI for TMs 8/9/10 could be reused for TM 4/6. As agreed in RAN1#72bis, the new codebook introduced in Rel-12 would be applicable to TMs 8/9/10. This agreement would mean that TMs 8/9/10 have to support both legacy and new codebook. Since TM 8 has to support both legacy and new codebook and CRS is used to calculate channel state information for TM 8, extending this feature to TM 4/6 seems trivial in terms of additional UE complexity.
Although the level of performance gain for PUSCH 3-2 with legacy codebook varies depending on different companies, it was observed that there were positive gains [2-5]. Taking into account conventional system-level evaluation methodologies in which the precoder reported by UE is directly used for SU-MIMO transmission, evaluation results of the new feedback mode for CRS-based closed-loop MIMO transmission would also show similar performance gain as DMRS-based MIMO transmission. Note that the relevant DCI formats for TM 4/6 include PMI confirmation function which indicates UE to use the precoding according to the latest PMI report on PUSCH. Based on the above discussions, the following observations are made.
Observation 1:

· In specification point of view, PUSCH mode 3-2 for TM 4/6 in case of Rel-8 codebook could be supported without a significant spec change.

· In UE implementation perspective, the impact would also be very small since the calculation of subband PMI for TM 8/9/10 could be reused for TM 4/6.

· TMs 4, 6 for CRS-based MIMO also could benefit from the new PUSCH CSI reporting mode by using PMI confirmation function in the relevant DCI formats 
Based on Observation 1, our proposal is to confirm the working assumption that aperiodic PUSCH feedback mode 3-2 can be configured for TM4/6 when the Rel-8 codebook is used.
Proposal 1: Confirm the working assumption that PUSCH feedback mode 3-2 can be configured for TM 4/6 when Rel-8 codebook is used.
3 Discussion on UCI Payload Size for PUSCH Feedback Mode 3-2
Feedback mode 3-2 would require a larger CQI/PMI bit-width than the legacy feedback modes since it would report subband PMI on top of wideband/subband CQI and RI. Tables 1, 2, and 3 show CQI/PMI bit-widths for the new feedback mode in cases of 2/4Tx legacy codebook, 4Tx double codebook, and 8Tx double codebook, respectively.
Table 1: CQI/PMI bit-width for mode 3-2 in case of 2/4Tx legacy codebook configured (N: # of subbands)
	Field
	2 Tx
	4 Tx

	
	Rank = 1
	Rank = 2
	Rank = 1
	Rank > 1

	WB CQI for CW 0
	4
	4
	4
	4

	SB differential CQI for CW 0
	2N
	2N
	2N
	2N

	WB CQI for CW 1
	0
	4
	0
	4

	SB differential CQI for CW 1
	0
	2N
	0
	2N

	Subband PMI
	2N
	N
	4N
	4N

	Sum
	4N+4
	5N+8
	6N+4
	8N+8


Table 2: CQI/PMI bit-width for mode 3-2 in case of 4Tx double codebook configured (N: # of subbands)
	Field
	Rank = 1
	Rank = 2
	Rank = 3
	Rank = 4

	WB CQI for CW 0
	4
	4
	4
	4

	SB differential CQI for CW 0
	2N
	2N
	2N
	2N

	WB CQI for CW 1
	0
	4
	4
	4

	SB differential CQI for CW 1
	0
	2N
	2N
	2N

	WB first PMI
	4
	4
	(2)
	(2)

	SB second PMI
	4N (or 3N)
	4N (or 3N)
	(4N or 3N)
	(3N)

	Sum
	6N+8 
	8N+12 
	8N+10
	7N+10


Table 3: CQI/PMI bit-width for mode 3-2 in case of 8Tx double codebook configured (N: # of subbands)
	Field
	Rank = 1
	Rank = 2
	Rank = 3
	Rank = 4

	WB CQI for CW 0
	4
	4
	4
	4

	SB differential CQI for CW 0
	2N
	2N
	2N
	2N

	WB CQI for CW 1
	0
	4
	4
	4

	SB differential CQI for CW 1
	0
	2N
	2N
	2N

	WB first PMI
	4
	4
	(2)
	(2)

	SB second PMI
	4N
	4N
	4N
	3N

	Sum
	6N+8
	8N+12
	8N+10
	7N+10

	Field
	Rank = 5
	Rank = 6
	Rank = 7
	Rank = 8

	WB CQI for CW 0
	4
	4
	4
	4

	SB differential CQI for CW 0
	2N
	2N
	2N
	2N

	WB CQI for CW 1
	4
	4
	4
	4

	SB differential CQI for CW 1
	2N
	2N
	2N
	2N

	WB first PMI
	2
	2
	2
	0

	SB second PMI
	0
	0
	0
	0

	Sum
	4N+10
	4N+10
	4N+10
	4N+8


According to the above tables, the maximum CQI/PMI bit-width for feedback mode 3-2 would be 8N+12 which would mean 124 bits for 14 subbands (110 RBs). As the CSI bit payload can be larger for UEs configured with feedback mode 3-2, we need to make sure that it is still possible to provide reasonable error protection for feedback mode 3-2 on UCI-only transmission.
In Rel-8, it was agreed that up to 4 RBs are assigned for UCI-only transmission to ensure sufficiently low code rate [6]. For Rel-10 CA and Rel-11 CoMP, up to 20 RBs can be allocated to support aperiodic CSI report for up to 5 CSI processes on a single PUSCH transmission. With this specification support, a simple resource allocation for UCI-only transmission would be to scale M RBs by the number of CSI processes. M (1(M(4) would be the number of RBs for an aperiodic CSI report for a single CSI process. Considering such a resource allocation, analysis on whether PUSCH 3-2 report can be conveyed on 4 RBs would be sufficient.
Assuming that 4 RBs are assigned for a UCI-only transmission for a UE which transmits 124 bits for CQI/PMI modulated with QPSK, the code rates with different PUSCH contents are summarized in Table 4 for both normal CP and extended CP. It is assumed that the whole 4 A/N SC-FDM symbols and/or the whole RI SC-FDM symbols are punctured whenever A/N and/or RI are assigned. 
For the normal CP case, we do not see a significant problem in maintaining the coding rate to a reasonable level in case of 4 RBs and QPSK modulation for CQI/PMI transmission. On the other hand, for the extended CP case, we see high code rate cases even with code rate larger than 1 when both A/N and RI are mapped on the same PUSCH. Given the fact that aperiodic CSI request is triggered based on dynamic scheduling and the chance that the whole 8 A/N, RI SC-FDM symbols are punctured would be relatively small, the problem could be regarded as a corner case. However, since UCI-only transmission with CQI/PMI code rate larger than 1 would cause unnecessary uplink interference and UE power consumption, it would be worthwhile to discuss whether a specification support to solve the problem is needed or not.
Table 4: CQI/PMI code rates with QPSK modulation, 4 RB allocation and PUSCH mode 3-2

	
	PUSCH Contents

	
	CQI/PMI
	CQI/PMI

SRS
	CQI/PMI

A/N (or RI)
	CQI/PMI

SRS

A/N (or RI)
	CQI/PMI

A/N

RI
	CQI(/PMI)

SRS

A/N

RI

	Normal CP code rate
	0.11
	0.13
	0.17
	0.20
	0.34
	0.46

	Extended CP code rate
	0.14
	0.15
	0.23
	0.28
	0.69
	1.38


Observation 2: In case of extended CP, code rate<1 for PUSCH 3-2 report cannot be always guaranteed
As observed above, there are some situations where the code rate for PUSCH 3-2 report cannot be guaranteed to be decodable (code rate <1). Some alternatives in consideration of this issue are the following:
· Alternative 1: Increase maximum RB allocation for a UCI-only transmission for an aperiodic CSI report for a single CSI process from 4 to 6

· Alternative 2: Introduce 16QAM modulation for UCI-only transmission

· Alternative 3: Leave it up to network discretion to avoid such problematic situations

Alternatives 1 and 2 would allow robust UCI-only transmissions for any CP lengths and for any combinations of CSI, SRS, and ACK/NACK but would require some specification effort. Alternative 3 would not require any specification support but the reporting of PUSCH 3-2 would essential be limited to those subframes where the aperiodic CSI is not multiplexed with other control information.
4 Conclusions
In this contribution, the following two remaining issues to support PUSCH feedback mode 3-2 in Rel-12 were discussed:

1. PUSCH feedback mode 3-2 in case of Rel-8 codebook configured

2. UCI payload size in case of UCI-only transmission
Regarding PUSCH feedback mode 3-2 in case of Rel-8 codebook, based on the observation that 
Observation 1:

· In specification point of view, PUSCH mode 3-2 for TM 4/6 in case of Rel-8 codebook could be supported without a significant spec change.

· In UE implementation perspective, the impact would also be very small since the calculation of subband PMI for TM 8/9/10 could be reused for TM 4/6.

· TMs 4, 6 for CRS-based MIMO also could benefit from the new PUSCH CSI reporting mode by using PMI confirmation function in the relevant DCI formats 

it is proposed that

Proposal 1: Confirm the working assumption that PUSCH feedback mode 3-2 can be configured for TM 4/6 when Rel-8 codebook is used.
Regarding on UCI payload size for PUSCH feedback mode 3-2, it is observed that
Observation 2: PUSCH feedback mode 3-2 could cause CQI/PMI code rate > 1.0 in case of extended CP
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