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Introduction
The new WID [1] for NR MIMO was agreed in RAN #80 meeting. The enhancement of type II codebook can be considered in Rel-16 from the following aspects:
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
In RAN1 #98 meeting, the compression scheme for the above enhancements was discussed with following agreements:
Agreement
On CBSR for Rel.16 Type II codebook:
· Support SD-only subset restriction (without FD)
· In RAN1#98bis, select one of the following criteria for SD subset restriction:
· Alt1. Analogous to Rel.15 Type I
· Alt2. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient amplitude restriction)
· Alt3. Rel. 15 Type II SD beam group restriction + sum power per SD beam restriction
· Support RI restriction

Agreement:
The selected UCI omission scheme should meet the following criteria when CSI omission occurs:
1. CSI calculation is identical to that for without omission – otherwise the UE may end up recalculating the CSI if UCI omission occurs.
a. When UCI omission occurs, the associated CQI may not be calculated conditioned on the PMI after omission
2. The occurrence of UCI omission can be inferred from the associated CSI report without any extra signaling.  
3. The resulting UCI payload after omission should not be ambiguous (payload ambiguity would require the gNB to perform blind decoding of UCI Part 2).
4. When CSI omission occurs, dropping all NZCs associated with any particular layer should not be done. 
Note: CSI omission occurs when the allocated UL resource for UCI is not sufficient for full CSI reporting.

Agreement





Denote the non-zero LC coefficient (NZC) associated with layer , beam , and FD-basis  as . The associated bitmap component (including zero(s)) is.
For the purpose of UCI omission, the parameters in UCI Part 2 is divided into 3 groups where Group n is of a higher priority than Group (n+1), n=0, 1.

Agreement
On CBSR for Rel.16 Type II codebook, the three agreed alternatives for down selection are further clarified as follows. No other alternatives or sub-alternatives will be considered for down selection.
· Alt1. Analogous to Rel.15 Type I
· Hard restriction (0 or 1) can be applied to any of the spatial beams (the restriction is applied for both polarizations of the beam) and is higher-layer configured with one size-N1N2O1O2 bitmap B
· Alt2. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient amplitude restriction)
· Four beam groups are selected via higher-layer configured bitmap B1
· 


For each spatial beam in each of the four beam groups, soft restriction (maximum amplitude of 0, ½, , or 1) is applied to any of the coefficients associated with the beam (the restriction is applied for both polarizations of the beam). This maximum amplitude restriction is higher-layer configured with four bitmaps  
· Alt3. Rel. 15 Type II SD beam group restriction + joint per SD beam restriction
· Four beam groups are selected via higher-layer configured bitmap B1
· Amplitude restriction:
· 


Alt 3A (Sum power ratio): For each beam  in each of the four beam groups, power ratio threshold  (definition and values FFS) is configured, the following criterion should be satisfied:  
· 




Alt 3B (Restriction on ): For each beam [image: ] in each of the four beam groups and FD index k0, 0≤k0<N3, wideband gain threshold  (maximum threshold of 0, ,, or 1) is configured, the following criterion should be satisfied:  
· i.e. the “wideband gain” in the frequency domain of the precoder is restricted similarly to Rel. 15
· 
This maximum amplitude restriction is higher-layer configured with four bitmaps  

Agreement

When the UE is configured to report NRep CSI reports,
· Group 0 includes at least: SD rotation factors, SD indicator, and SCI(s) for all the NRep reports, 
· 
For each of the NRep reports, Group 1 includes at least: reference amplitude(s) for weaker polarization, , FD indicator
· 
For each of the NRep reports, Group 2 includes at least: 
· Note: G1 and G2 exclude the indices associated with the strongest coefficient(s) 

In RAN1#98bis, decide the following aspects. If there is no consensus in RAN1#98bis, UCI omission for Rel.16 Type II codebook is not supported in Rel.16 (i.e. UCI omission can be performed via UE implementation).

1. Priority rule for determining G1 and G2: down select from the following:
· 

Alt 1.1: LC coefficients are prioritized from high to low priority according to (,l,m) (index triplet, the   highest priority coefficients belong to G1 and the  lowest priority coefficients belong to G2. Priority level is calculated as Prio(,l,m)=2L.RI. Perm1(m)+RI. Perm2(l)+
· FFS: Exact structure of index permutation function Perm1(.) and Perm2(.), including no permutation
· 

Alt 1.2: The NZ coefficients  are sorted sequentially 0 to KNZ– 1 in the following order, based on lm indexing (layer  SD  FD), or based on l m indexing (SD  layer  FD). The group G1 comprises at least firstsorted coefficients, and group G2 comprises the remaining second sorted coefficients.
· 

Alt 1.3: LC coefficients are prioritized from high to low priority according to (,l,m) index triplet, the  highest priority coefficients belong to G1 and the   lowest priority coefficients belong to G2. Priority level is calculated as Prio(,l,m)=2L.RI. Perm1(m)+RI. Perm2(l)+
· FFS: Exact structure of index permutation function Perm1(.) and Perm2(.), including no permutation

2. 
Which group(s)  belong to: down select from the following 
· 

Alt 2.1: (only coupled with Alt 1.1) First bits according to Prio(,l,m) value belong in Group 1, last according to Prio(,l,m) value belong in Group 2
· 

Alt 2.2: (only coupled with Alt 1.2) Bitmap and coefficients are segmented together into M segments (M = number of FD basis indices). Group 1 contains M1 segments and Group 2 contains M2 segments, where M = M1+M2. Each segment contains the bitmap (sub-bitmap) associated with all RI layers, all SD components and a single FD component and the corresponding combining coefficients. The payload size of Group 1 is given by  (N= number of bits for amplitude and phase). The payload size of Group 2 is . 
· FFS: Segmentation of sub-bitmap and coefficients per segment 
· 

Alt 2.3: (only coupled with Alt 1.3) First bits according to Prio(,l,m) value belong in Group 1, last  according to Prio(,l,m) value belong in Group 2
· Alt 2.4 (only coupled with Alt 1.1) First RI.LM bits according to Prio(,l,m) value belong in Group 1, last RI.LM  according to Prio(,l,m) value belong in Group 2
· 
Alt2.5: (applicable to any Alt1.x) Bitmap  is included in Group 0
· 
Alt2.6: (applicable to any Alt1.x) Bitmap  is included in Group 1

In this contribution, we present our views on CBSR and UCI omission.  System level evaluation results are also presented to assist the discussion.
Discussion
CBSR
It was agreed codebook subset restriction is supported in Rel-16. CBSR reduces interference strength for other cells by restricting power of spatial beams in Rel-15. Three Rel-16 CBSR alternatives, Alt1, Alt 2 and Alt 3A/Alt 3B supporting soft amplitude restriction for four beam groups, are available for down-selection. Among them, Alt1 is the most preferable due to the following reasons:
· Alt.1 can offer good performance with low complexity at UE side 
· Different from Rel-15 Type II with wideband amplitude, Rel-16 Type II cannot control the transmit power in some spatial direction by only limiting the maximum amplitude of coefficients. Thus Alt.2 is not an efficient solution.
· Theoretically speaking, Alt.3 may control the interference in some spatial direction with better granularity. However, the performance gain of Alt.3 hasn’t been fully justified. Moreover, it seems UE has to solve multiple inequalities jointly to find out proper power for each restricted SD-basis depending on the definition of threshold Alt.3A for optimization and UE has to check amplitude in frequency domain for Alt.3B. As a result, higher complexity of UE implementation is required for Alt.3 without any verified performance gain. 
Proposal 1: Reuse Rel-15 Type I CBSR for Rel-16 codebook (Alt 1).
CSI omission
The payload size of Part 2 UCI highly depends on the value of the reported rank (RI). The overhead of RI>1 is two times of or even more than that of RI = 1. The gNB may allocate improper PUSCH resource due to imperfect knowledge of RI. If gNB allocates resource for a lower rank but UE wants to report a higher rank, part 2 UCI cannot be fully transmitted and CSI omission may happen. 
Basically UE can ensure the dropped NZC in spec-transparent manner for imposing minimum impact on CSI report performance. UE drops weaker NZC and controls the reported NZC distribution across layers. If dropping NZC still does not fit PUSCH resource, UE may reduce the rank further. The drawback of that method is gNB may not be aware of the occurrence of CSI omission, thus gNB may continue allocating improper resource for next reporting. 
In RAN1#98 meeting, several alternatives have been identified for Rel-16 codebook CSI omission. UCI information is grouped in three parts. Group 0 contains SD indicator, SCI and SD oversampling. None-zero coefficients (NZCs) across all layer are divided into 2 groups: group 1 contains  (or more than ) highest priority NZCs, and the remaining NZCs belong to group 2. Once CSI omission occurs, UE omits group 2 firstly. If resource is not enough to carry both group 0 and group 1, group 1 may be dropped further. 
In email discussion following RAN1#98, following agreement was made:
	Offline agreement: On UCI omission for Rel.16 Type II codebooks
· Priority level definition: If priority levels of two LCCs and are such that , LCC  has a higher priority over 
· In RAN1#98bis, select one from the following 3 alternatives:
· Alt A (cf. Alt1.1+2.6 no permutation).  
· 

G1 comprising the  highest priority coefficients and G2 comprising the  lowest priority coefficients
· 
Priority level is calculated as Prio(,l,m)=2L.RI.m+RI.l+ (i.e. no permutation), and bitmap  is included in G1
· Alt B (cf. Alt1.1+2.6 with permutation).
· 

G1 comprising the  highest priority coefficients and G2 comprising the  lowest priority coefficients
· 
Priority level is calculated as Prio(,l,m)=2L.RI. Perm1(m)+RI. Perm2(l)+, and bitmap  is included in G1
· FFS: the functions Perm1(m) and Perm2(l)
· Alt C (cf. Alt1.2+2.2). 
· 

G1 comprising more than  highest priority coefficients and G2 comprising the remaining (<) lowest priority coefficients for the same bit-width as G1 of Alt1.1
· Priority level is calculated as Prio(,l,m)=2L.RI.m+RI.l+ (i.e. no permutation), and bitmap location is according to Alt2.2 (cf. agreement in RAN1#98)




A FFS point is the exact structure of FD and SD permutation function. The motivation of FD permutation is that the lower frequency components shall be selected with higher probability. However, the benefit of SD permutation is not clear. To illustrate that, we evaluate the distribution of the selected FD and SD through system level simulation., Figure 1 shows examples of distributions of FD and SD components. What we can observe is:
· The probability distribution of FD components is a U-shape function. The components with small or large index have larger probability while the components with medium index have smaller probability.
· The probability distribution of SD components is close to a uniform distribution.  All the SD components have similar probability.
Some companies mentioned that there is some correlation between polarized ports. But the SD components are ordered internally and the correlation only leads marginal performance impact. Therefore, in our view, permutation of FD index is helpful, but benefit of SD permutation is unclear.
[image: ]
Figure 1 Distribution of SD and FD
Regarding the exact FD permutation formula, in principle, we agree sorting FD component based on the selected indices as [0 M-1 1 M-2 …] is definitely better than no permutation. We name this FD permutation as the selected FD index permutation. However, a better permutation should rely on the FD index () instead of the index of selected FD component (m), which we name as global FD index permutation. For example N3=13 and M=7, if UE selects FD index  =[0 1 2 3 4 5 6 ], the ordered FD index should be [0 1 2 3 4 5 6 ], instead of [0 6 1 5 2 4 3]. One straightforward permutation method for the selected FD component (m) is , where m ranges from 0 to M-1. Its counterpart based on the FD index () is . In figure 2, evaluation result shows monotonic decreasing power of the corresponding component as priority level increases for both FD permutation. From the simulation results, we can see that compared with the selected FD index permutation, the global FD index permeation will lead to more power for the components with higher priority (equivalently with smaller value of priority level) and less power for the components with lower priority. Thus, the selected FD index permutation is sub-optimal compared with global FD index permutation. From complexity perspective, global FD index permutation and the selected FD index permutation are the same.  Based on evaluation results and discussion, we make the following proposal:
Proposal 2: Do not support SD permutation for Rel-16 codebook.

[image: ]
Figure 2 Power vs priority for FD permutation
Another issue concerns partitioning bitmap in group 1 and group 2. Alt C is preferable for achieving best performance without payload size ambiguity. Given a fixed length, the finer granularity of sub-bitmap and coefficients segment, the more useful coefficients could be contained in group 1. For instance, considering bitmap 10011001 and four coefficients “abcd”, with 4bits bitmap segmentation, the bitmap and coefficients could be encoded as 1001ab 1001cd. Furthermore, with a single-bit segmentation, bitmap and coefficients encode as 1a001b 1c001d.
We compared the number of coefficients contained in group 1. The length of group 1 is assumed to be RI.2L.M+ Knz/2(a+b) (i.e. length of Alt A or Alt B, where a and b represent bit-width of amplitude and phase quantization) under various values of {y, p, beta} in the evaluation. The results are shown in Figure 3 and we can observe that: Alt C with single-bit partition achieves better performance than Alt A and B, and provides 2~6 additional NZCs in group 1 compared with Alt A or B. 
[image: ]
Figure 3 Number of NZC packed in group 1
Based on evaluation, we prefer Alt C with single-bit partition, the following proposal is made:
Proposal 3: Support bitmap segmentation of coefficient followed by associated single-bit for Rel-16 codebook (Alt C).
Conclusion
In this contribution, we discussed the CBSR and CSI omission. SLS evaluation results are provided to assist the discussion on CSI omission.  Based on the analysis and evaluation, we have following observations and proposals:
Proposal 1: Reuse Rel-15 Type I CBSR for Rel-16 codebook (Alt 1).
Proposal 2: Do not support SD permutation Rel-16 codebook.
[bookmark: _GoBack]Proposal 3: Support bitmap segmentation of coefficient followed by associated single-bit for Rel-16 codebook (Alt C).
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Appendix
	Parameter
	Value

	Duplex
	FDD 

	Waveform
	OFDM

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban

	Frequency Range
	4GHz.

	Inter-BS distance
	200m 

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites, 570 UEs

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ for overhead reduction 


	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for overhead reduction 
4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank extension

	BS Tx power 
	41 dBm

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU-MIMO for rank4, MU-MIMO for rank2

	maximum MU layers
	12

	CSI feedback 
	CSI feedback periodicity (full CSI feedback) :  5 ms, 
Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms
Codebook coeff. quantization (Amplitude, phase )= (3bits,4bits)

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	20% for SU-MIMO, 70% for MU-MIMO

	UE distribution
	- 80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Baseline for performance evaluation
	Rel-15 Type II Codebook for overhead reduction. 


	Overhead 
	2 PDCCH symbols
DMRS overhead: up to actually scheduled total layers
1 SSB per 20ms
CSI-RS: 32ports, 5ms period, 1RE/port/RB
CSI-IM: 4 REs/PRB, 5ms period
TRS: 12 REs/PRB, 20ms period, maximal bandwidth with 52 PRB
Total overhead: 24.24%
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