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1 Introduction
In RAN1#98 meeting, the following agreements were captured in the chairman’s note [1].
Agreement
On the remaining details on UCI parameters
· Fix α=2
· 

The range of values for is unrestricted, i.e.

Agreement
On the supported parameter combinations
· The following parameter combinations are supported:
L
p = y0 (RI= 1-2)
p = v0 (RI= 3-4)
β
Restriction (if any)
2
¼ 
1/8
¼ 

2
¼ 
1/8
½ 

4
¼ 
1/8
¼ 

4
¼ 
1/8
½ 

4
½ 
¼ 
½

6
¼ 
-
½ 
RI=1-2, 32 ports
4
¼ 
¼ 
¾ 

6
¼ 
-
¾ 
RI=1-2, 32 ports
· Support only 16PSK co-phasing, i.e. 8PSK co-phasing is not supported

Agreement
On the value of N3 for (NSB×R) > 13: Support Alt0 (N3=NSB×R) 

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, 
· 
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 this contribution, we discuss remaining issues on the CSI enhancement for Type II CSI codebook. To be specific, based on above agreements in RAN1#98 and the offline e-mail discussions, we suggest our view on the following issues as:
· Finalize the issues on UCI omission
· Priority rules for determining G1 and G2 (NZCs)
· Bitmap information
· Finalize CBSR
· Decide the support for RI=3-4 extension for port selection codebook
· Discuss the UE capability-related issues

2 Discussions on UCI omission
In Rel-15, CSI omission procedure was introduced for the UE to report part of CSI instead of dropping when the allocated PUSCH resource is not enough to contain full CSI. This is achieved by partitioning the Part 2 CSI into different priority levels and omitting CSI from the lowest priority level, until actual UCI code rate falls below a threshold, i.e., the CSI payload will fit on the PUSCH allocation.
However, in Rel-16, Type II CSI codebook has been designed based on the FD compression. Since the LC coefficients related to SD/FD basis are quite different from those of Rel-15, the Rel-15 CSI omission procedure cannot be directly reused for the Rel-16 codebook.
To address this issue, the components of UCI part 2 has been investigated in RAN1#98 meeting. The largest impact on payload size is LC coefficients for amplitude/phase and the corresponding NZC bitmap per layer. Based on this, UCI omission criteria and grouping rule for UCI part 2 were agreed as shown above. In the following, we suggest our opinion on priority rule for determining G1 and G2 to differentiate NZCs between two groups.

2.1 Priority rule for determining G1 and G2
In the last meeting, some alternatives for priority rule and the location of the corresponding bitmap information have been agreed as:
Agreement
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

It is assumed that the UCI omission is a special procedure to handle the case where allocated PUSCH resource is not enough for actual reported payload, so it should be designed as a simple manner. Through the offline email discussion on UCI omission, the combinations of the priority rule for NZCs and the bitmap has been down-selected as three alternatives to lead a simple and efficient way for omission in the following. 
Note that for the bitmap partitioning, it is preferred to include all the bitmap information in G1 (Alt 2.6). When the bitmap is partitioned into G1 and G2, it may cause ambiguity for decoding at gNB with a limited amount of reduced payload.

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)


Regarding the grouping of NZCs for determining G1 and G2, there is a priority level which is calculated as Prio(,l,m)=2L·RI·Perm1(m)+RI·Perm2(l)+. It means that the LC components are prioritized based on layer > SD index > FD index. 
For the SD and FD index mapping, it is preferred to adopt SCI per layer to specify the structure of Perm1(m) and Perm2(l). This is due to the fact that the LC coefficients corresponding SD/FD basis on SCI would have greater impact on CSI accuracy than other LC coefficients. Moreover, exploiting SCI does not incur any additional signaling overhead to permute SD and/or FD indices.

Observation 1: the LC coefficients corresponding SD/FD basis on SCI would have greater impact on CSI accuracy than other LC coefficients. Moreover, exploiting SCI does not incur any additional signaling overhead to permute SD and/or FD indices.

First, we investigate the formulation of Perm2(l), i.e., SD index permutation. As an example of UCI omission in Figure 1, we demonstrate the LC coefficient omission with SCI. As described in agreements, the SCI only indicates the index of SD basis since FD basis index is remapped via modulo operation. Then, the LCCs which has a higher priority to report are in row of  on SCI. As a similar manner in FD, the modulo-based remapping on SD index such as Perm2(l)=(l-SCI)mod2L can be regarded as a reasonable solution to make it possible. In this figure, SCI is given as 5 and the SD index is remapped by modulo-based Perm2(l). Then, the result of SD permutation is shown at the right side, e.g., Perm2(5)=0, Perm2(6)=1 etc.
[image: ]
Figure 1. Example of UCI omission scheme for LC coefficients based on SCI

Aligned with this sense, it can also be considered to prioritize not only for the SD index on SCI but also the SD index for opposite polarization on SCI. For example, when SCI=5, it indicates the SD beam in the second polarization, e.g., corresponding to -45 slant angle. Hence, SD index ‘1’ (denoted by SCI pair) in the first polarization, e.g., corresponding to +45 slant angle, shares the same SD beam on SCI. So, it will increase the probability to provide meaningful LC coefficients in terms of CSI accuracy. Then, SCI pair can be calculated with SCIp=(SCI-L)mod2L. By adopting this approach, the SD permutation can be expressed e.g., Perm2(SCI)=0, Perm2(SCIp)=1 and other indices remapping follows increasing order after SCI and SCIp.
Second, we examine the formulation of Perm1(m), i.e., FD index permutation. The main point is to capture LC coefficients based on the dominant FD bases largely depending on delay profile. From the results of the FD basis subset selection, effective FD bases are already selected. Hence, for the sake of simplicity, it is a way to adopt fixed permutation on FD side. Regarding the permutation rule, it would be better to include last a few FD bases, which takes the advantage of clustering energy around the dominant tap of the delay profile. In this reason, the modulo-based remapping on FD index including last ‘n’ FD bases such as Perm1(m)=(m+n)mod M can be an efficient solution for the FD permutation.

Proposal 1: Support Alt B (Alt 1.1 + 2.6 with permutation) in UCI omission for Rel-16 Type II codebook.
· Permutation for SD index : Modulo operation based on SCI
· Opposite polarization of the SCI can be taken into account further.
· Permutation for FD index : Fixed permutation, i.e., Perm1(m) = (m+n)mod M where n is selected among {1, 2, 3}

3 Discussions on CBSR
In RAN1#98 meeting, following agreement regarding codebook subset restriction (CBSR) for Rel-16 Type II CSI codebook has been made as:
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 thecoefficients 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:  
· 





[bookmark: MTBlankEqn]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 

The CBSR plays important functionality for interference management by properly restricting reported PMIs which cause strong interference to other UEs. For this reason, in Rel-15, two different CBSR is adopted. One is per-SD DFT beam based restriction which is applied for Type I CSI, and the other one which is applied for Type II CSI is based on the combination of SD-DFT beam and its amplitude. 
Unlike the Rel-15 Type II CSI, Rel-16 Type II CSI introduces additional FD basis in order to reduce the payload. In our view, restricting such FD basis (interpreted as delay tap) is not a reasonable solution, since gNB cannot accurately estimate which delay-taps cause the interference. Thus, our preference is re-using Rel-15 CBSR. However, due to the compression functionality, restricting amplitude may not directly control beam power, so the benefit from such CBSR can be limited. Also, during the study of linear combining codebook in LTE, there was intensive discussion on CBSR [2], but we still fail to find any significant gain on controlling both SD beams and its amplitude. Therefore, we propose to consider only beam-based CBSR for Rel-16. For simplicity, we can reuse the Rel-15 Type I CBSR, which can be directly applied to the Rel-16 Type II codebook. 

Proposal 2: For Rel-16 Type II CSI, DFT beam-based CBSR (Alt 1) is supported. 

4 Discussions on supporting port selection codebook for RI=3-4
In the last meeting, Type II port selection codebook was agreed 
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

Port selection codebook has been supported for Rel-15 Type II codebook. Compared with Type II codebook, the selected spatial beam matrix is replaced with a port selection matrix and an example of port selection matrix is listed in Table I. Since port selection matrix (indicated by m) is reported as WB CSI and is used as layer common, it would not be sufficient to support up to rank 4. In addition, as we can see in the Table I, the selected ports are closely located for all m values, so the flexibility of choosing combining ports are limited. Lastly, Type II port selection codebook is mainly focused on the beamformed CSI-RS, so that the combining ports are usually mapped to narrow beams. That means selection flexibility of W1 matrix is more important than normal Type II CSI to attain notable performance gain. This issue may become severe as the reported rank grows. To alleviate this issue, we may consider layer or layer-group specific m reporting in order to increase port selection flexibility per layer or layer-group. 

Table I. Port selection in 16port CSI-RS Type II Port selection (d=1)
	L=4
	d
	m
	Selected Port (L port)

	
	1
	0
	0
	1
	2
	3

	
	
	1
	1
	2
	3
	4

	
	
	2
	2
	3
	4
	5

	
	
	3
	3
	4
	5
	6

	
	
	4
	4
	5
	6
	7

	
	
	5
	5
	6
	7
	0

	
	
	6
	6
	7
	0
	1

	
	
	7
	7
	0
	2
	3



Proposal 3: Consider adopting layer or layer-group specific port selection if rank 3/4 is supported for port selection. 



5 Conclusion
In this contribution, we discuss the overhead reduction for Type II CSI. Based on the discussion above, we have following observations and proposals as: 
Observation 1: the LC coefficients corresponding SD/FD basis on SCI may have greater impact on CSI accuracy than other LC coefficients. Moreover, exploiting SCI does not incur any additional signaling overhead to permute SD and/or FD indices.

Proposal 1: Support Alt B (Alt 1.1 + 2.6 with permutation) in UCI omission for Rel-16 Type II codebook.
· Permutation for SD index : Modulo operation based on SCI
· Opposite polarization of the SCI can be taken into account further.
· Permutation for FD index : Fixed permutation, i.e., Perm1(m) = (m+n)mod M where n is selected among {1, 2, 3}
[bookmark: _GoBack]Proposal 2: For Rel-16 Type II CSI, DFT beam-based CBSR (Alt 1) is supported.
Proposal 3: Consider adopting layer or layer-group specific port selection if rank 3/4 is supported for port selection. 
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