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Introduction
Based on the agreements made in RAN1#98 [1] and the offline email discussion after the meeting, the following remaining issues about the DFT-compression based Type II overhead reduction are discussed in this contribution. 
· UCI omission
· Codebook subset restriction
· Rank 3-4 Type II port selection codebook
· UE capability
· UCI part 1 reporting on PUCCH format 3 or 4
UCI omission
The following agreements were made in RAN1#98 [1] and via offline email discussion regarding UCI omission.
	RAN1#98
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
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, 
· 
[bookmark: MTBlankEqn]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

	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)



First, we reiterate (also mentioned by several companies during RAN1#98 and offline email discussion) that the UCI omission is an emergency scheme, and the purpose of the UCI omission is to (i) let the gNB know when UL resource allocation for CSI reporting is insufficient, and (ii) report a partial CSI that is still useful for the gNB. Also, in practice, the UCI omission is a rare event (whose probability of occurrence can be minimized by proper gNB implementation). The solution for UCI omission should therefore be simple (i.e. low complexity) since the performance gain of any complicated (i.e. high complexity) schemes will be marginal, and specifying such complicated schemes is not justified.     
Observation 1:
· UCI omission is an emergency scheme whose purpose is to (i) let the gNB know when UL resource allocation for CSI reporting is insufficient, and (ii) report a partial CSI that is still useful for the gNB.
· The performance gain of any complication UCI omission schemes is marginal. 



[bookmark: _Ref16632868]Figure 1: UCI part 2 segmentation for UCI omission
Similar to Rel. 15, the UCI omission mechanism for the DFT-compression based Type II CSI is based on segmenting UCI part 2 into three groups (Figure 1). 
· G0: includes at least SD rotation factors, SD indicator, and SCI(s) for all the NRep reports; 
· G1: includes at least the reference amplitude(s) for weaker polarization, X1 highest priority coefficients, and FD indicator for each of the NRep reports; and 
· G2: includes at least X2 lowest priority coefficients for each of the NRep reports.
There are at least three remaining issues about the UCI omission that needs to discussed/finalized: (a) value of (X1,X2), (b) permutation, and (c) bitmap partitioning. The three alternatives (Alt A – C) agreed via offline email discussion differ in at least of these three issues, which is summarized in Table 1.
[bookmark: _Ref20991530]Table 1
	
	(X1,X2)
	Priority + permutation
	Bitmap

	Alt A
	
	Prio(,l,m)=2L.RI.m+RI.l+
(No permutation)
	G1

	Alt B
	
	Prio(,l,m)=2L.RI. Perm1(m)+RI. Perm2(l)+
(permutation: Perm1 and Perm2)
	G1

	Alt C
	
	Prio(,l,m)=2L.RI.m+RI.l+
(No permutation)
	M1 segments in G1 and M2 segments in G2



The difference between Alt A and Alt B is the permutation operation. In particular, Alt B proposes to permute SD and FD indices via functions Perm1 and Perm2 before assigning priorities to NZ coefficients. The benefit and need for any permutation are unclear. If the purpose of permutation is to group stronger coefficients in G1 and weaker in G2, then it is unclear how this can be done without any additional signaling. In general, the performance of no permutation in our view will be close/competitive to the “optimal” case (assuming additional signaling) in which the G1 includes a stronger group of coefficients and G2 weaker (since UCI omission is a rare event). And, the performance of any sub-optimal scheme such as based on permutation will be in between. 
[bookmark: _GoBack]It has been proposed that SCI can be used for permutation. But, as mentioned earlier, performance benefits of such permutation schemes is expected to be small when compared with no permutation. In addition, the permutation in FD can unnecessarily complicate specification and UE implementation due to index remapping operation for SCI. 
Regarding Alt C, there are at least the following issues.
· First, the proposed scheme is quite convoluted, and in some sense, over-optimization. The performance benefit for such optimization needs to be articulated. 
· Then, there is an issue with bitmap partitioning in case of rank 1, i.e., the strongest coefficient can’t be determined if a group is omitted (since K_NZ will not be known due to bitmap partitioning). 
· Lastly, the overhead saving may not be much in the worst case, which is when the bitmap has a lot of zeros in the beginning, which implies that the number of NZ coefficients that can be packed in G1 will be reduced.
Observation 2: The performance benefit (if any) of a UCI omission scheme that performs coefficient permutation (e.g. Alt B) or bitmap partitioning (e.g. Alt C) is marginal when compared with Alt A.  
We therefore propose the following.
Proposal 1: Support Alt A for UCI omission.
Codebook subset restriction
In RAN1#98 [1], the following agreement was made about codebook subset restriction (CBSR).
	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  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  



Regarding Alt 1, the per beam based restriction may not work for Type II CSI codebook in general. This is due to the fact that the pre-coder is based on linear combination of L > 1 DFT beams. Hence even if a DFT beam  pointing to a certain direction is restricted, the linear combination of two of its adjacent beams that are not restricted can still point in the direction close to  To avoid this, the DFT beams should be restricted in beam groups. This is also true in general (even for Type I codebook or LTE Class A codebook) that restricted beams can form beam groups. In particular,  DFT beams can be partitioned into beam groups  comprising adjacent beams, as supported in CBSR for Rel. 15 Type II CSI codebook. The same mechanism can be used to restrict SD beams in Rel. 16 Type II CSI overhead reduction.
Observation 3: Due to linear combination of L>1 beams, per beam restriction (e.g. Alt 1) is not sufficient to avoid pre-coders from pointing in certain directions.  
Alt 2 and Alt 3 both include Rel. 15 Type II SD beam group restriction. The difference between them is how amplitude restriction is performed. Alt 2 proposes to reuse Rel. 15 type amplitude restriction, i.e., a 2-bit amplitude restriction is used to restrict amplitude  of each coefficient . Such a restriction, however, can force UE to be too conservative in implementing amplitude quantization (since it restricts amplitude for each coefficient), which may have significant impact on performance, especially when amplitudes of some of the strong FD components are restricted. 
Observation 4: Per coefficient amplitude restriction (e.g. Alt 2) can lead to conservative UE implementations which may have large impact on performance.  

It is therefore preferable (from performance perspective) to have a restriction on sum power (of coefficient amplitudes) for beams in each restricted SD beam group. Both Alt 3A and Alt 3B are examples of such restriction. Alt 3B, however, is more complex (than Alt 3A) in terms of UE implementations since it requires UE to compute  in order to apply amplitude restriction. There is no clear performance benefits of such additional complexity. Therefore, Alt 3A is preferable since it is simpler in our view.    
Observation 5: The complexity of Alt 3B is more than Alt 3A without any performance gain.  
Now, regarding the current formulation of Alt 3A, the need for triple sum based amplitude restriction is unclear (and over-design) if the intention is to restriction power of restricted SD beams. In fact, the triple sum can be simplified to (or replaced with) a single sum by removing the two sums over layers and polarizations, since the sum over FD indices is a reasonable representation of power of a SD beam. It is also worth noting that we don’t have such sum over layers and polarizations based amplitude restriction in Rel. 15 (where the restriction is common for all layers and polarizations). We therefore propose a simplified Alt 3A wherein amplitude restriction is on the sum over FD indices, i.e., , where  is the number of NZ coefficients on beam . The set of candidate values for  can be the same as in Rel. 15, i.e., . 
Proposal 2: Support a simplified Alt 3A for codebook subset restriction, i.e., restriction is on the sum over FD index (m), i.e., , where  is the number of NZ coefficients on beam  and .
Rank 3-4 Type II port selection codebook
The following agreements were made in RAN1#98 [1] about extension of DFT-based compression to Type II port selection codebook.
	Agreement
On Rel.16 extension for Type II port selection codebook:
· For rank 1-2, reuse Rel.15 Type II W1 port selection matrix for Rel.16 Type II port selection codebook
· Only L=2 and 4 are supported
FFS: support for rank 3-4  

Agreement
On the support of Rel.16 Type II port selection codebook for RI=3-4, evaluate the need for supporting the following scheme in RAN1#98bis:
· 
Reuse the Rel-15 Type II W1 matrix and the Rel-16 Type II  and Wf
· Note: if there is no consensus on the need for this feature, such extension to RI=3-4 is not supported in Rel.16


[bookmark: _Ref446598642]
Since rank 3-4 is supported for regular Type II CSI, we are supportive of rank 3-4 for Type II port selection. The only issue we see is the L=2 case, when supporting 3-4 layers with 4 ports using a common W1 for all layers is probably too restrictive in terms of performance. A technically better solution is one W1 for layer 0-1 and another W1 for layer 2-3. It can be argued that we have a layer-common W1 for regular Type II (which is a sub-optimal design in our view), so we should follow the same design for port selection. We however prefer to have a superior solution, if possible. If such a solution is not acceptable, then we propose to restrict this extension to L=4. 
Proposal 3: Support rank 3-4 Type II port selection codebook by reusing Rel. 15 Type II , where  performs L port selection common for two polarizations, and
· 1st preference: L=2,4, and one  common for layers 0-1 and another  common for layers 2-3   
· 2nd preference: L=4 and  common for all layers. 
UE capability
According to the FL timeline, the discussion on UE capabilities are scheduled to start from RAN1#98bis. Our initial view about this is as follows.
· Parameter R: in our view, R=2 should be optional since it has significantly large complexity than R=1.
· Parameter combinations: the configurations (7 and 8 in the agreement) with L=6 should be optional, and the rest are mandatory. 
We are open to discussing other UE capability issues such as extension of Rel.15 capabilities for Type II codebook, CPU occupancy, and the number of Reporting Settings can be discussed.
Proposal 4: Regarding UE capabilities, R=2 and parameter combinations with L=6 are optional.
CSI reporting on PUCCH format 3 or 4
In Rel. 15, semi-persistent reporting of Type II CSI part 1 (UCI part 1 only) on PUCCH format 3 or 4 is supported. For Rel. 16 Type II CSI, there is no use case of such (partial) CSI report. Therefore, it should not be supported in Rel. 16
Proposal 5: Semi-persistent reporting of Type II CSI part 1 on PUCCH format 3 or 4 is not supported in Rel. 16.
Conclusion
In this contribution, remaining issues about DFT-compression based Type II CSI overhead reduction. The proposals and observations made are summarized as follows.
Observation1:
· UCI omission is an emergency scheme whose purpose is to (i) let the gNB know when UL resource allocation for CSI reporting is insufficient, and (ii) report a partial CSI that is still useful for the gNB.
· The performance gain of any complication UCI omission schemes is marginal. 
Observation 2: The performance benefit (if any) of a UCI omission scheme that performs coefficient permutation (e.g. Alt B) or bitmap partitioning (e.g. Alt C) is marginal when compared with Alt A.  
Observation 3: Due to linear combination of L>1 beams, per beam restriction (e.g. Alt 1) is not sufficient to avoid pre-coders from pointing in certain directions.  
Observation 4: Per coefficient amplitude restriction (e.g. Alt 2) can lead to conservative UE implementations which may have large impact on performance.  
Observation 5: The complexity of Alt 3B is more than Alt 3A without any performance gain.  

Proposal 1: Support Alt A for UCI omission.
Proposal 2: Support a simplified Alt 3A for codebook subset restriction, i.e., restriction is on the sum over FD index (m), i.e., , where  is the number of NZ coefficients on beam  and .
Proposal 3: Support rank 3-4 Type II port selection codebook by reusing Rel. 15 Type II , where  performs L port selection common for two polarizations, and
· 1st preference: L=2,4, and one  common for layers 0-1 and another  common for layers 2-3   
· 2nd preference: L=4 and  common for all layers. 
Proposal 4: Regarding UE capabilities, R=2 and parameter combinations with L=6 are optional.
Proposal 5: Semi-persistent reporting of Type II CSI part 1 on PUCCH format 3 or 4 is not supported in Rel. 16.
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