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1. Introduction
In RAN1#72bis meeting, it was agreed that study further whether there is a benefit from allowing different CQI and PMI subband sizes and whether there is a benefit from RRC-configurable subband sizes.  The agreements regarding new aperiodic PUSCH feedback mode are captured as follows:
· 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

· 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

In this contribution, we give our views and update our simulation results with the new 4Tx codebook proposal in the topic of subband size.
2. Subband Sizes of PMI and CQI
In our previous contribution [1], we have pointed out that PMI and CQI may have different feedback granularity requirements and hence different subband sizes of PMI and CQI should be considered to avoid unnecessary overhead increase.  Also, current subband size for CQI may not be the best choice for all the scenarios because of large variation of SINR in frequency domain in some scenarios. 
In this section, we evaluate the performance of different subband sizes of PMI and CQI under different scenarios with operating bandwidth equal to 10 MHz.  Other simulation assumption is captured in table A1 in the appendix.  We compare different configurations of subband sizes of CQI and PMI in our simulation.  Simulation results are shown in the following tables 1&2 for full buffer and table 3 for FTP traffic.  These simulations are done based on the enhanced rank1-2 codebook in [2].
Table 1 Performance under different subband sizes in Scenario A
	Enhanced CB in [2]
	CQI

(RBs)
	PMI

(RBs)
	Closely spaced XPOL (0.5λ)
	Widely spaced XPOL (4λ)

	
	
	
	Average spectral efficiency
	Cell edge spectral  efficiency
	Average spectral efficiency
	Cell edge spectral  efficiency

	Config. 1 (baseline)
	6
	6
	2.435 
	0.0617
	2.082
	0.052

	Config. 2
	3
	6
	2.546 (+4.56%)
	0.0611 (-0.97%)
	2.217 (+6.48%)
	0.053 (+1.92%)

	Config. 3 
	4
	8
	2.486 (+2.07%)
	0.0605 (-1.94%)
	2.159 (+3.68%)
	0.052 (+0.58%)


Table 2 Performance under different subband sizes in UMI
	Enhanced CB in [2]
	CQI

(RBs)
	PMI

(RBs)
	Closely spaced XPOL (0.5λ)
	Widely spaced XPOL (4λ)

	
	
	
	Average spectral efficiency
	Cell edge spectral  efficiency
	Average spectral efficiency
	Cell edge spectral  efficiency

	Config. 1 (baseline)
	6
	6
	2.568
	0.0646
	2.231
	0.0526

	Config. 2
	3
	6
	2.664 (+3.75%)
	0.0626 (-3.10%)
	2.337 (+4.76%)
	0.0540 (+2.66%)

	Config. 3 
	4
	8
	2.623 (+2.17%)
	0.0642 (-0.62%)
	2.294 (+2.85%)
	0.0513 (-2.47%)


Table 3 Performance with the antenna separation is 0.5λ and FTP 1 traffic (λ=2.5, file size=0.5M)
	
	Closely spaced XPOL (0.5λ)

	
	CQI

(RBs)
	PMI

(RBs)
	Mean UE Throughput
	5% UE Throughput
	50% UE Throughput
	95% UE Throughput

	Config. 1 (baseline)
	6
	6
	14.83 
	1.964
	11.364  
	40.816

	Config. 2
	3
	6
	15.431 (+4.05%)
	2.111 (+7.48%)
	11.967(+5.31%)
	43.201 (+5.84%)

	Config. 3 
	4
	8
	15.207(+2.54%)
	2.049(+4.32%)
	11.687(+2.849%)
	43.01(+5.36%)

	Config. 4
	6
	12
	14.603 (-1.53%)
	1.935 (-1.49%)
	11.025 (-2.98%)
	40.54 (-0.683%)


Observations:
· The finer CQI subband granularity provides significant gain under the new feedback mode in correlated and uncorrelated channels in Scenario A and perform well in UMi channel model (ITU).
· In Scenario A, when the frequency-domain granularity for CQI is 3RBs, 4-6% gain in average spectral efficiency can be achieved over subband size of 6RBs.
· If overhead is a concern, we can choose configuration 3 which subband sizes are 4 and 8 for subband CQI and PMI respectively.  There are still moderate gains over the case when both subband sizes are 6.   Also, we can save overhead by setting PMI subband size of 12RBs in config 4 which has small performance loss. To avoid unnecessary overhead, it is also desirable to make the subband size configurable.  
3. Conclusion
In this contribution, we compare the performance with different subband size configurations.   We give our views and proposals considering the new CSI feedback schemes introduced in Rel-11.  Based on our analysis, we have the following proposal:
Proposal: Different subband sizes of CQI and PMI should be considered.  Subband sizes of CQI and PMI are 3RBs and 6RBs respectively.
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Appendix A: Simulation assumptions and parameters

Table A1: System Level Simulation Assumptions

	Parameters
	Assumptions

	Deployment scenario
	Scenario A, Umi

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users per cell
	10

	Operating bandwidth (BW)
	10 MHz

	Antenna configuration
	Transmitter: 4Tx cross-polarized antenna at eNB, 0.5λ/4λ separation, 

Receiver: 2Rx cross-polarized antenna at UE

	Feedback periodicity
	10ms

	SU/MU switching
	Dynamic UE selection with orthogonal DMRS, SU/MU dynamic switching with maximal number of UE pairing is 2, the maximal transmission rank per UE is 1for MU and 2 for SU

	Delay between feedback and transmission
	5ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal modeling of channel estimation on CSI-RS and DM-RS

error modeling 
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is used

	Feedback mode
	PUSCH reporting mode 3-2

	Subband size
	8RBs /6RBs /4RBs/3RBs

	Transmission mode 
	TM10 with single CSI process

	Traffic modeling
	Full-buffer 

	Outdoor-Indoor Ratio
	20% outdoor/80% indoor 

	Codebook
	Rank1-2 codebook proposed in [2]
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