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1. Introduction
Great progress in terms of CSI reporting has been made and remaining codebook issues are finalized in RAN1 NR AdHoc #3 meeting [1]. Specifically, for CSI reporting on PUSCH, the following agreement is made.
Agreement:
· Seperately encoded parts of a CSI report on PUSCH carrying UL-SCH have different transmission priority.
· Part 1 (used to identify the number of information bits in part 2) has higher priority
· Part 1 is first included in a transmission in their entirety before part 2
· Information bits and/or channel coded bits of part 2 can be partially transmitted
· Omit CSI parameters corresponding to at least one subbands for part 2
· TBD by RAN1#90bis: if all of part 2 can be dropped as a special case
· TBD by RAN1#90bis: specify one of the following omission rules:
· Omitted subbands are determined based on a decimation ratio and/or a priority pattern used to order subband CSI (defined in specification)
· Omitted subbands are determined based on the measured subband CQI included in part 1
This agreement gives a mechanism to let UE report partial-subband part 2 if PUSCH resource allocated for CSI is not sufficient. Following this agreement, gNB does not need to always allocate resources for full subband CSI, which may cause large CSI overhead especially for Type II. The remaining issues for this mechanism include
-	How to determine the number of omitted subbands;
-	Which omission rule from the above ones should be adopted. 
In this contribution, we give our views on the above remaining issues. Numerous simulation results are also provided. Moreover, we also illustrate our views on higher-rank Type II reporting, e.g., rank 3 and rank 4.
2. Partial-subband CSI reporting for PUSCH Part 2  
In NR Type II CSI feedback, L WB beams are combined linearly with WB and/or SB amplitude and SB phase. Hence compared with Type I CSI, Type II has much larger overhead.  In Table I, we summarize PMI overhead for Type II. We assume L=4, 10 SBs and 32 port with (4,4,4,4). Moreover, WB+SB amplitude and SB phase are assumed. It can be observed that for rank 2, PMI overhead can be larger than 500 bits. Such a large CSI overhead would consume extremely large uplink resource. 
Table I PMI overhead for Type II
	RI
	WB(bit)
	Per SB(bit)
	Total(bit)

	1
	39
	24
	279

	2
	63
	48
	543


The agreement in Section 1 gives a good mechanism to let PUSCH feedback work when available PUSCH resource for CSI is limited. gNB does not need to reserve PUSCH resource for >500 bits every time. If UE finds out CSI overhead cannot fit in the allocated PUSCH resource for CSI report, it would transmit partial-subband part 2. If half of the subbands are omitted, rank-2 overhead for Part 2 is quite close to full rank-1 overhead. Moreover, as frequency-selectivity for Type II mainly comes from the phase rotation caused by delay of each path, part 2 parameters have good correlation among subbands. Then gNB can use interpolation to recover part 2 CSI of the entire subbands based on the reported partial subbands. In this section, we discuss the two remaining issues listed in Section 1 for this mechanism.
2.1 Determine the number of omitted subbands
In the agreed mechanism to omit partial subbands for Part 2, UE and gNB need a rule to have common understanding on the number of omitted subbands. 
One simple rule is that the number of omitted subbands is the minimum number to let the reported subbands fit in the PUSCH resource allocated for CSI reporting based on the adopted omission rule. Firstly, UE determines the number of omitted subbands following this rule and omits partial-subband Part 2 following an omission rule. From gNB side, as size of part 1 is fixed, and part 1 is transmitted with higher priority, it can be decoded by gNB correctly no matter how many subbands are omitted for Part 2. After decoding Part 1, gNB would know the maximum subband number which can fit in the allocated resource based on contents in part 1, MCS, configured beta_offset and the omission rule. Then gNB uses this maximum number of subbands to decode and interpret part 2. gNB and UE can be ensured to have a common understanding on the number of omitted subbands.
Proposal 1: For the partial-subband omission mechanism of PUSCH CSI report, the number of omitted subbands is the minimum number of omitted subbands to let the reported subbands fit in the PUSCH resource allocated for CSI by following the adopted omission rule.  
2.2 Down-selection of the omission rules
The next question is which omission rule should be adopted to select partial subbands. Assume CSI report band comprises K SBs. Among them, M<K SBs are selected to report Part 2. The following options are identified in Section 1.
Option 1: based on a decimation ratio
The pattern can be a comb pattern as shown in Fig. 1, comb size reflects decimation ratio. This is the simplest approach to achieve partial subband feedback.  


Fig.1 Comb pattern for partial-subband part 2 reporting
As we mentioned above, gNB can do interpolation based on reported subbands to recover part 2 of the entire subbands. Following this omission rule, reported subbands are uniformly distributed in the whole frequency domain. Interpolation performance can be guaranteed.
Option 2: based on subband CQI
In this option, determination of subbands with Part 2 reporting is based on its channel measurement. UE calculates CQI for each subband, and selects M subband following a pattern for the ordered subbands based on CQI. As subband CQI is reported in Part 1, this approach works due to both gNB and UE know CQI of each subband. 
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Fig. 2 Subband CQI based partial-subband part 2 reporting
Several examples are given in Fig 2. In Fig. 2(a), best-M subbands are selected based on subband CQI. In this case, it’s better to for the gNB to do interpolation using the original frequency order of the selected subbands. For Fig. 2(b), partial subbands are determined based on a defined pattern e.g. decimated pattern. The principle is to select more subbands with better CQI.  gNB-side interpolation can be also done in original frequency order. For these approaches, channel estimation performance of the selected partial subbands can be guaranteed, but the interpolation performance cannot be guaranteed as the selected subbands may occur in localized frequency range.
Table II compares the system performance of the above options. 4-beam combination and subband size = 6 are applied in the simulation. UE is equipped with 2 Rx antenna, FTP service and MU-MIMO model are used. Option 1 uses the comb pattern in Fig. 1. Option 2(a-b) uses the rules given in Fig.2(a-b), respectively. Baseline is the case that all subbands of Part 2 are reported.
Table II. Performance comparison of different omission rules in 32Tx system
	Mechanism
	RU
	Mean
	5%

	Baseline
	0.56
	25.31
	0%
	8.28
	0%

	Option 1
	0.57
	24.90
	-1.6%
	8.18
	-1.2%

	Option 2(a)
	0.57
	24.87
	-1.7%
	7.78
	-6.0%

	Option 2(b)
	0.57
	24.84
	-1.9%
	7.64
	-7.7%


It can be observed that for mean throughput, Option 1 is slightly better, but performance gap among the candidates is not significant. However, Option 1 has significantly better cell-edge performance than CQI based options. The reason is that for non-cell-edge UEs, the good channel estimation performance of some subbands can compensate the degraded interpolation performance of the non-selected subbands in Option 1. However, for cell-edge UEs, the channel estimation gain of the good subbands is not sufficient to compensate the poor interpolation performance of the non-selected subbands in Option 2. Therefore, Option 1 provides more robust performance. 
Based on the simulation and analysis, we propose to adopt the simple scheme with good and robust performance as follows.
Proposal 2: For partial subband omission of Part 2 CSI, adopt the omission rule based on decimation ratio: Reported subband occurs every X subbands uniformly based on subband index in the CSI reporting band, and the other subbands omit information bits of Part 2 CSI reporting.
· X = 2, 3, 4, ..., Total number of subbands
3. Type II CSI for higher ranks
In current NR design, Type II is supported up to 2 layers. Rank-2 Type II codebook brings large gain for MU-MIMO. On the other hand, since 4Tx commercial UE has become popular, and 12 DMRS ports have been supported in NR for MU, extending current rank-2 codebook to rank-4 is needed. The rationality of supporting higher rank Type II codebook is also verified in [2]. Even it’s not possible due to tight Phase I timeline, it should be supported in Phase II. 
For rank-3 and rank-4 Type II CSI, the most significant issue is overhead. Subband overhead for rank-3 or rank-4 is almost triple or four times of rank 1, i.e., 72 bits or 96 bits per subband. The design of Type II rank-3 and rank-4 should achieve large gain with reduced CSI overhead. Based on the above discussion on partial-subband reporting. It can be observed that partial-subband reporting achieve good performance with reduced CSI overhead. 
We also evaluate the performance of proposed partial-subband reporting by extending current Type II codebook to support higher rank case. Up to rank-4, 4-beam combination and (SB size, Comb size) = (6, 2) are applied in the simulation. UE is equipped with 4 Rx antenna, FTP service and MU-MIMO model are used. Simulation results are collected in Table III.
Table III. Performance of proposed scheme with higher rank type II codebook
	
	
	RU
	Mean
	Gain
	5%
	Gain

	16Tx
	Legacy
	0.25
	54.39
	0%
	15.81
	0%

	
	Option 1
	0.25
	53.82
	-1.0%
	15.52
	-1.8%

	32Tx
	Legacy
	0.25
	57.57
	0%
	23.05
	0%

	
	Option 1
	0.25
	57.26
	-0.0%
	22.61
	-1.9%


From Table III, we can see that proposed scheme brings extremely marginal loss on the performance, whereas half of suband CSI feedback overhead can be reduced. We can choose larger comb size to further reduce the PMI payload if needed.
Observation: Partial-subband CSI reporting is also a good candidate to support higher rank Type II CSI in NR Phase II.
4. Conclusions
In this contribution, we discuss design details of aspects to reduce Type II CSI overhead. Based on the above discussion, we have the following observation and proposals.
Proposal 1: For the partial-subband omission mechanism of PUSCH CSI report, the number of omitted subbands is the minimum number of omitted subbands to let the reported subbands fit in the PUSCH resource allocated for CSI by following the adopted omission rule.  
Proposal 2: For partial subband omission of Part 2 CSI, adopt the omission rule based on decimation ratio: Reported subband occurs every X subbands uniformly based on subband index in the CSI reporting band, and the other subbands omit information bits of Part 2 CSI reporting.
· X = 2, 3, 4, ..., Total number of subbands
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Appendix
	System level simulation parameters

	Scenarios
	3D-Umi

	Antenna Spacing
	(dV,dH)=( 0.8λ, 0.5λ)

	Number of UE antenna
	2Rx or 4Rx cross-polarized antenna

	Traffic model
	FTP 1 with packet size 0.5M byte

	OLLA
	Target at 10% BLER

	CSI-RS
	Period is 5 ms and overhead is accounted.  

	Transmission rank
	Adaptation between rank 1~2 or rank 1~4

	SU/MU pre-coding
	BD

	Scheduling
	MU, Proportional fair, 2 UEs, at most 4layers

	CQI/PMI reporting interval and frequency granularity
	5ms for CSI, 6RB

	Feedback scheme
	PUSCH Feedback 

	Delay for scheduling and AMC
	6ms

	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
	4

	Feedback Assumption
	
Non-ideal modeling of channel estimation error modeling is used, based on DMRS for data demodulation, based on IMR for interference measurement

	Handover margin 
	3dB 
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