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1
Introduction
In the previous RAN#72bis meeting, following agreement on a new aperiodic PUSCH mode with several FFSs points was made:

· 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 we summarise our conclusions and views on the above mentioned FFS points. The remaining issues on multiuser enhancements are treated in an accompanying contribution [3] and the 4Tx performance evaluation is shown for rank 1-2 in [1] and for rank 3-4 in [2].
2
Remaining issues for 8Tx codebook
One remaining open issue relates to the possible subsampling of the Release 10 8Tx double codebook when configured with mode 3-2. The current 8Tx codebook consists of a wideband W1 of 4 bits and a subband W2 of 4 bits. The current Release 12 working assumption considers subband feedback for both CQI and PMI, hence increasing the total feedback load as the W2 component requires increased overhead proportional to the number of subbands. 
We have considered the following 8Tx double codebook sizes. While the W1 was kept fixed to 4 bits, the W2 has been varied between 2 and 4 bits solutions, hence subsampling has been considered for the Release 10 double codebook. We have simulated dynamic switching between single and multiuser MIMO, the resource utilization being around 50%. More detailed simulation assumptions can be found in the appendix A.
Table 1: Performance results for indoor-outdoor scenario with Dynamic Switching.
	Case 
	Average SE [bps/Hz/cell]
	Cell edge  [bps/Hz/UE]
	Average SE gain/loss 
	Cell edge UE SE gain/loss 

	Release 10 DCB, 3-1 
	19.24
	0.5256
	0%
	0%

	Release 10 DCB, 3-2
	20.12
	0.5455
	+4.55%
	+3.8%

	2bit W2 8Tx, 3-2
	19.31
	0.5121
	+0.3%
	-2%


Results in Table 1 indicate that mode 3-2 with current Release 10 double codebook design can bring around +4% gains in both average and in coverage. If 2 bit codebook subsampling is used, mode 3-2 does not bring any benefit over 3-1, on the contrary, there is even a coverage loss and the feedback load of subsampled 8Tx with mode 3-2 is higher than 8Tx with mode 3-1. 
Proposal: Utilize the full Release 10 8Tx double codebook design also for mode 3-2.
3
Remaining issues for subband sizes

Regarding subband sizes, it was proposed that CQI and PMI could have different subband sizes. In [4], performance for different subband combinations were shown with very modest gains, under 5%. Therefore having different subband sizes for PMI and CQI does not seem reasonable. Also, when considering new subband sizes the PRB bundling sizes should be taken into account as the subband sizes are currently compatible with the PRB bundling sizes. Deviating from this would significantly reduce the possibilities to utilize PRB bundling.
Observation:
· Having different subband sizes for PMI and CQI does not seem reasonable from performance perspective.
Another remaining issue regarding subband sizes is whether to have finer granularity than the current subband sizes. If the subband size is simply decreased, it may increase UE CSI feedback processing complexity as well as the feedback amount in a non-acceptable way. 
Observation:

· Decreasing the CSI subband sizes may significantly increase: 

· UE CSI feedback processing complexity
· Uplink feedback overhead.

Instead, if increasing the subband size is seen necessary from performance point of view, only selected current subbands could be amended with finer granularity reporting. In Figure 1 we show such an example where two sizes of subbands are defined, with subband size 1 (primary subbands) > subband size 2 (secondary subbands). The CQIs of the secondary subbands may be reported as relative CQIs to the CQI on the corresponding primary subband.
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Figure 1. Multi-granular subband reporting.

For the operation of how the secondary subbands are selected, the UE reports CQI for each primary subband and CQIs for selected secondary subbands and in addition the indices of subbands or a bitmap telling which primary subbands are accompanied with secondary CQIs. The bitmap may be optional for the case of best N subband selection as the network may deduce the N best subbands from the primary granularity CQIs. Note that the two ways of reporting are possible, 1) all primary CQIs and (relative) secondary CQIs or 2) dropping of primary CQIs when secondary CQI are reported for that subband, i.e. reporting of secondary CQIs only for those subbands.

The advantage over the current feedback modes 3-1, 3-2 without higher granularity is that reporting accuracy is increased but with a balance for the increased feedback and UE CSI processing complexity. The advantage over the existing best-M without higher granularity (mode 2-2) is that the proposed mode would not result in scheduling restrictions. 

Proposal:
· Confirm the subband size working assumptions that:
· the CQI and PMI subband sizes are the same
· the existing CQI and PMI subband sizes are used
· In case the CQI and/or PMI subband sizes are reduced, the finer granularity feedback is applied only on a selected set of subbands.
4
Aperiodic PUSCH mode 3-2 and TM4/TM6 utilization

The current Release 12 codebook enhancements have been discussed only for DM-RS based modes. As a consequence, for the introduction of the aperiodic PUSCH mode 3-2 primarily simulations for TM10 have been considered. During the previous RAN1 meeting it has been agreed that mode 3-2 can be considered as an working assumption for TM4 and TM6, hence for the CRS-based modes. There are several differences between the utilization of TM4 and TM10 in conjunction with mode 3-2. For example in TM10, dynamic switching between SU and MU is facilitated by the utilization of DM-RS (hence better MU MIMO compared to CRS) and also by the utilization of multiple processes. When utilizing CRS, the dynamic switching is not easily possible, as MU would require in fact the utilization of TM5 and the feedback mechanism would be more complicated. Even though the specification, implementation and testing effort to introduce mode 3-2 also to TM 4 and TM6 is not very significant, it should still be justified by clear system-level benefits. Hence it is important to validate the system performance of PUSCH mode 3-2 in conjunction with TM4 (and TM6). 

We have performed system performance investigation considering TM4 and TM6 with Release 10 codebook while modes 3-1 and 3-2 have been considered. More detailed simulation assumptions can be found in the appendix B. In this case it would simply mean that SU MIMO can be operated with finer precoding granularity. Results in Table 2 are showing no significant gains from the utilization of mode 3-2. 
Table 2: Performance results for PUSCH 3-2 and TM4.
	Case 
	Average SE [bps/Hz/cell]
	Cell edge  [bps/Hz/UE]
	Average SE gain/loss 
	Cell edge UE SE gain/loss 

	4Tx Release 10 CB, 3-1 
	2.254
	0.0715
	0%
	0%

	4Tx Release 10 CB, 3-2
	2.279
	0.0730
	+1.1%
	+2.1%


Table 3: Performance results for PUSCH 3-2 and TM6.
	Case 
	Average SE [bps/Hz/cell]
	Cell edge  [bps/Hz/UE]
	Average SE gain/loss 
	Cell edge UE SE gain/loss 

	4Tx Release 10 CB, 3-1 
	1.98
	0.0668
	0%
	0%

	4Tx Release 10 CB, 3-2
	2.00
	0.0682
	+1.0%
	+2.1%


Observation: There is no system performance justification for the introduction of aperiodic PUSCH mode 3-2 in conjunction with TM4, TM6.
5
Conclusions

In this paper we have been discussing remaining open issues of CSI feedback modes. Our proposals can be summarized as follows:
Proposals: 
· Utilize the full Release 10 8Tx double codebook design also for mode 3-2.
· Confirm the working assumption on the utilization of same subbands sizes for PMI and CQI.
· Confirm the subband size working assumptions that the existing CQI and PMI subband sizes are used

· In case the CQI and/or PMI subband sizes are reduced, the finer granularity feedback is applied only on a selected set of subbands.
· There is no system performance justification for the introduction of aperiodic PUSCH mode 3-2 in conjunction with TM4, TM6.
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Appendix A. Simulation assumptions

	Parameter
	Value

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, center site simulated, 500 m ISD

	Simulation case
	ITU-R UMa

	Carrier frequency
	2.0 GHz

	Deployment scenario
	Homogenous macro

	Antenna configuration
	8 Tx 0.5 lambda x-pol (-45o, 45o)

2 Rx 0.5 lambda x-pol (0o, 90o)

	Number of UEs per cell
	According to finite buffer

	Transmission scheme
	Dynamic switching between 
MU-MIMO with maximum 2 UE per layer and 1 layer per UE and
SU-MIMO with maximum 2 layers per UE

	Receiver
	Release 11: IRC Wishart DM-RS 

	Feedback
	PUSCH mode 3-1 and 3-2

	IMR modeling
	Ideal

	Scheduler
	TD-FD: PF-PF

	Indoor / outdoor modeling; outdoor modeling
	20% UEs dropped outdoor

	Traffic model
	Finite buffer FTP1, CAR=2.5, file size=4Mb

	Channel estimation
	Realistic CSI-RS based channel estimation for CSI feedback
DM-RS

	HARQ
	Maximum 4 retransmissions
Chase combining


Appendix B. Simulation assumptions

	Parameter
	Value

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, center site simulated, 500 m ISD

	Simulation case
	ITU-R UMa

	Carrier frequency
	2.0 GHz

	Deployment scenario
	Homogenous macro

	Antenna configuration
	4 Tx 0.5 lambda x-pol (-45o, 45o)

2 Rx 0.5 lambda x-pol (0o, 90o)

	Number of UEs per cell
	10 UEs per cell

	Transmission scheme
	SU-MIMO with maximum 2 layers per UE

	Receiver
	Release 11: IRC Wishart 

	Feedback
	PUSCH mode 3-1 and 3-2

	Scheduler
	TD-FD: PF-PF

	Indoor / outdoor modeling; outdoor modeling
	20% UEs dropped outdoor

	Traffic model
	Full buffer

	Channel estimation
	Realistic CRS channel estimation

	HARQ
	Maximum 4 retransmissions
Chase combining
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