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1 Introduction

The agreements of aperiodic PUSCH in the meeting of RAN1 #72bis are as follow [1]:
Agreements:

· 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.  

In this contribution, the remaining issues of PUSCH feedback mode 3-2 are discussed, together with our recommendations.
2 Subband size
The subband size is determined according to the system bandwidth in current release [2]. Theoretically, it is related to the channel coherent bandwidth for each UE, finer subband size can improve the system performance by increasing the granularity of frequency selective scheduling and precoding. However, no significant gain can be found for finer subband size from the pervious study. For example in [3], only around 3.7% performance gain is observed for 2RBs subband size in comparison with 5 RBs subband size. On the other hand, increasing the granularity of subband size may result in large uplink overhead. The overhead of different kinds of feedback size are analyzed in Table 1, wherein 
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 represents the number of subbands. More specifically, we have S1 = 9 for the case the subband size k = 6 RBs and S2 = 17 for the case the subband size k = 3 RBs. Since the legacy codebook is used, the overhead of wideband PMI (i.e., W1) is zero. Table 1 demonstrates that finer subband size may greatly increase the uplink overhead.
Table 1: Uplink overhead comparison (in bits)
	Feedback granularity
	RI
	Subband PMI
	Wideband PMI
	Subband CQI
	Wideband CQI
	Total

	PUSCH mode 3-2 (CQI = 6RBs, PMI = 6RBs)
	2
	4*S1
	0
	2*S1
	4
	60

	PUSCH mode 3-2 (CQI = 3RBs, PMI = 3RBs)
	2
	4*S2
	0
	2*S2
	4
	108

	PUSCH mode 3-2 (CQI = 6RBs, PMI = 3RBs)
	2
	4*S2
	0
	2*S1
	4
	92

	PUSCH mode 3-2 (CQI = 3RBs, PMI =6RBs)
	2
	4*S1
	0
	2*S2
	4
	76


Observation 1: Finer subband size may require significantly larger uplink overhead, but obtain limited performance gain.
In addition to the uplink overhead, the standardization effort and IOT testing should also be taken into account if finer feedback granularity should be supported. Considering the limited time, we prefer to reuse the current subband size and maintain the same size of CQI and PMI for PUSCH feedback mode 3-2 in Rel-12.
Proposal 1: Confirm the current working assumptions, i.e., to reuse the existing CQI and PMI subband sizes for PUSCH feedback mode 3-2, and to use the same subband size for CQI and PMI in PUSCH feedback mode 3-2.
3 PUSCH feedback mode 3-2 for TM4/6
In contract to TM 8/9/10, CRS based demodulation is used in TM4/6, as a result, the precoding codeword is not transparent to the UEs operating in TM4/6. Consequently, the new dual codebook structure is not applicable to TM4/6 unless new DCI or DCI enhancement is defined, which needs large standardization effort and therefore is not preferred. Therefore, it can be expected that the performance gain of PUSCH feedback mode 3-2 for TM4/6 might come from the increasing granularity of frequency selecting precoding. On the other hand, since it has been agreed that PUSCH feedback mode 3-2 can be configured for TM8/9/10 when PMI/RI reporting is configured, it may also reasonable to agree that PUSCH mode 3-2 can be configured for TM4/6 when the Rel-8 codebook is configured to exploit further frequency selective gain. Therefore we prefer that PUSCH feedback mode 3-2 can also be configured for TM4/6. 
Proposal 2: PUSCH feedback mode 3-2 can be configured for TM4/6 when the Rel-8 codebook is configured.
4 Conclusion

In this contribution, the remaining issues of PUSCH feedback mode 3-2 are discussed. Our proposals are summarised as follows:
Proposal 1: Confirm the current working assumptions, i.e., to reuse the existing CQI and PMI subband sizes for PUSCH feedback mode 3-2, and to use the same subband size for CQI and PMI in PUSCH feedback mode 3-2.
Proposal 2: PUSCH feedback mode 3-2 can be configured for TM4/6 when the Rel-8 codebook is configured.
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