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[bookmark: _Ref178064866][bookmark: _Toc87051408]2	Discussion on FDD CSI
[bookmark: _Toc87051409]2.1 On CSI omission
Last meeting the following agreement was made:
Agreement
For UCI part II of Rel-17 PS codebook, study the following alternatives and down-select one or more alternatives in RAN1 107
· Alt 1: Report Port indicator, SCI, and FD indicator in Group 0
· Alt 2: Report bitmap in Group 0 or Group 1 without bitmap partition
· Alt 3: Three groups of UCI Part 2 for Rel-16 PS codebook is reused for Rel-17 PS codebook enhancement except that the starting position of the FD basis window is not needed
Note that other solutions of UCI part II design are not excluded. 

In previous releases, CSI omission procedures have been specified, where a portion of CSI Part 2 can be omitted if the resulting UCI code rate is too high. This is achieved by segmenting the CSI Part 2 payload into different groups, each being associated with a priority level, and dropping CSI segment starting with the lowest priority level until the UCI code rate falls below a threshold. 
For Rel-16 Type II, CSI Part 2 is segmented into three groups: 
· Group 0: SD basis indication including rotation factor (for Rel-16 regular Type II) or port indication (for Rel-16 port-selection Type II), SCI for each layer.
· Group 1: frequency domain (FD) basis indication for each layer, wideband (polarization) reference amplitude, part of the bitmap and amplitude and phase for subband coefficients with the highest priority.
· Group 2: the remaining part of bitmap and amplitude and phase for subband coefficients with the lowest priority.  
For each reported element of bitmap, subband amplitude and phase in Group 1 and 2, a priority level is determined via the value of the following priority function, indexed by :
,
with  with  being the layer index and  being the RI,  being the index of selected ports,  being the index of selected FD basis vectors and  being the number of selected FD basis vectors for each layer, and  being the index of FD basis vectors from which the UE can select, and  is the number of PMI subbands. The element with the highest priority has the lowest associated value .
The motivation behind the way grouping is done is that gNB should still be able to recover part of the CSI even if some low priority groups are omitted. For example, if Group 1 and 2 are omitted, the PMI feedback in Group 0 is essentially a Type I PMI, gNB can still schedule SU-MIMO based on that CSI report.
However, there could be issues if the same CSI omission methods are reused for Rel-17 Type II. To be more specific, correctly reporting the selected FD basis vectors, i.e., , is crucial for the Rel-17 Type II to work. If  is reported in Group 1 as in Rel-16, a potential issue is that, if Group 1 and Group 2 are dropped when CSI omission is applied, the incomplete CSI report, which contains only Group 0, cannot be used for obtaining any meaningful DL CSI at all, since gNB cannot figure out which FD basis vectors to use. 
[bookmark: _Ref86824658][bookmark: _Toc87051396]When Group 1 and Group 2 CSI are dropped due to CSI omission, gNB may not be able to construct a meaningful DL precoder merely based on Group 0 CSI. 
To further explain the above, consider an example shown in Figure 1 where  CSI-RS ports are configured to the UE which should all be selected (i.e., ). The 4 ports are used to cover 7 dominant clusters in the propagation channel, denoted as A-G. Furthermore, the UE is configured to select  FD basis vectors (i.e., delay taps) from a FD window of size  (i.e., the 4 taps encircled by dashed lines). 
The first 2 taps (i.e., FD basis vectors 0 and 1) are selected by the UE to calculate PMI. If these selected FD basis vectors are not known to the gNB due to Group 1 being omitted, gNB would not be able to calculate the correct DL channel only based on the selected ports in Group 0. For example, if, in the worst case, gNB assumes that FD basis vectors 2 and 3 are used, the DL precoder will totally mismatch the true DL channel. However, if  is reported in Group 0, then gNB can still obtain partial DL CSI even if Group 1 and 2 are both dropped. 
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[bookmark: _Ref83884507]Figure 1 An example of the Rel-17 Type II reporting where Mv=2 and N=4.

Reporting selected FD basis vectors in Group 0 in CSI report Part 2 can solve the above issue. To be more specific, the new grouping ensures that the selected FD basis vectors and ports are always reported to gNB. Then even Group 1 and 2 are dropped, gNB still can construct a wideband DL precoder. In addition, reporting  only introduce marginal overhead for Group 0. For example, 2 bits are needed if . Hence it is viable to report  in Group 0. With Alt 3, FD basis is still reported in Group 1, so the above problem persists. 
Another motivation of the Rel-16 way of grouping CSI is that layer-common long-term channel properties should be reported in Group 0. In Rel-17 Type II, since , same as , also reflects layer-common long-term channel properties, it should be reported in Group 0 as well. 
Alt 2 targets at optimizing the grouping framework by removing bitmap partitioning, but it does not solve the above-mentioned problem. To some extent, reporting bitmap in the same group can simplify the grouping framework, and it is also reasonable for Rel-17 Type II since the number of reported coefficients is smaller comparing to Rel-16 Type II. If Alt 2 is supported, bitmap shall be reported in Group 1, since Group 0 only contains long-term layer-common codebook components. However, in our view, this is mostly an optimization problem that does not have high priority as fixing the FD basis reporting. 
[bookmark: _Toc87051397]Alt 2 and Alt 3 cannot solve the PMI reconstruction problem when Group 1 is dropped during CSI omission, as mentioned in Observation 1.
[bookmark: _Toc87051398]In Rel-17 Type II, , same as , also reflects layer-common long-term channel properties. 
[bookmark: _Toc87051382]Support Alt 1: Report Port indicator, SCI, and FD indicator in Group 0

[bookmark: _Toc87051410]2.2 Priority order of mapping coefficients
There is also a discussion on the priority of mapping coefficients and the following agreement was made
[image: ]
We can divide the 3 alternatives into 2 categories, either more accurate PMI but for fewer layers (Alt1) or coarser PMI but for more layers (Alt 2 and 3). 
In our view, prioritizing more layers over more accurate PMI per layer may lose the orthogonality of PMIs for different layers. Consider the following toy example in Figure 2, with ,  and , where  and  denote the linear combination coefficient for layer  before and after CSI omission, respectively. 
Before CSI omission (Figure 2-a),  and  should be orthogonal if we ignore the quantization effect, where  is the vectorization operator. However, if CSI omission occurs and coefficients are firstly mapped to layer, as seen in Figure 2-b where only 4 out of 16 coefficients are reported, the orthogonality between  and  is very unlikely to hold. In some cases if the these coefficients are pair-wisely similar, the PMIs for the two layers become almost identical, this is more likely to happen when the number of actually reported coefficient per layer is small. 
Therefore, in our view, layer should have the lowest priority and should be mapped last. Regarding the order of FD basis and port indices, we don’t have strong preferences. We think both are equally important in Rel-17 Type II. Given the current alternative, we support Alt 1, that is, the coefficients are mapped firstly across port indices, secondly across FD basis indices, and thirdly layers. 
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[bookmark: _Ref86827189]Figure 2 Illustration of  reporting with CSI omission, uncolored grid means omitted coefficient. (a)  before CSI omission. (b)  after CSI omission when coefficients are firstly mapped to layer.
[bookmark: _Toc87051399]Prioritize more layers over more accurate PMI per layer may lose the orthogonality of PMIs for different layers. 
[bookmark: _Toc87051383]Support Alt 1, the coefficients are mapped firstly across port indices, secondly across FD basis indices, and thirdly layers.
[bookmark: _Toc87051411]2.3 On the issue when N>N3
When the BWP size is 24 PRBs and the subband size is 8 PRBs, a potential issue is that when the window size  is configured to be 4, there are only  FD basis vectors to be selected from. To avoid confusion, the value of  is determined via 
[bookmark: _Toc87051384]The value of  is determined via 





[bookmark: _Ref189046994][bookmark: _Toc87051412]3	Discussion Multi-TRP CSI







For NC-JT CSI enhancement with single reporting setting, it was agreed in RAN1#104-e that the UE can be configured with Ks NZP CSI-RS resources in a CSI-RS resource set for CMR and where the Ks NZP CSI-RS resources can be divided in to two CMR groups where each CMR group consists of K1 and K2 CMRs respectively (and where Ks=K1+K2). Furthermore, it was agreed that the UE can be higher layer configured with N CMR pairs, where each CMR pair consists of one CMR from each CMR group, and where each CMR pair is used as a NCJT CSI measurement hypothesis (and possibly two single-TRP measurement hypotheses). 
In RAN1#104bis-e, it was agreed that the maximum values for Ks and N is 8 (up to UE capability) and 2, respectively, and in RAN1#105-e it was further agreed to study the default value of Ks among the candidate values of Ks,max=2 or Ks,max=4. Since the potential with multi-TRP operation (including NCJT) increases with increased number of TRPs in a coordination cluster, setting the default values Ks,max = 2 would limit the potential gains with NCJT operation. Hence, we propose that the default value Ks,max should be equal to 4, for both FR1 and FR2.

[bookmark: _Toc79191463][bookmark: _Toc87051385]Support Alt.1, i.e. the default value (Ks,max) of the maximum number of NZP CSI-RS resources configured for CMR to be equal to 4, for both FR1 and FR2.

In RAN1#106bis-e, the following proposal was discussed (without being agreed):

Proposal 24: To confirm the order of UCI payload construction for reported CSIs, 
· modify mapping order of CSI fields of one CSI report, i.e., Table 6.3.1.1.2-[7]/9/10/11 for PUCCH and Table 6.3.2.1.2-3/4/5 for PUSCH in 38.212 
· Introduce mapping order of CSI fields in the order of MTRP NCJT CSI, the first TRP CSI, and the second TRP CSI. It also implies that one CSI reporting setting for NCJT measurement reporting contains single CSI report which may corresponds multiple single-TRP and/or NCJT measurement hypotheses

In our view, for multi-TRP CSI Option 1, the multiple single-TRP CSIs and the NCJT CSIs are different measurement hypotheses within a single CSI report setting.  Hence, to confirm the ordering of UCI payload construction for multi-TRP CSI Option 1, we support the above proposal.

[bookmark: _Toc87051386]For multi-TRP CSI Option 1, for UCI payload construction, support the following:
[bookmark: _Toc87051387]-> modify mapping order of CSI fields of one CSI report (i.e., Table 6.3.1.1.2-[7]/9/10/11 for PUCCH and Table 6.3.2.1.2-3/4/5 for PUSCH in 38.212)
[bookmark: _Toc87051388]->  Introduce mapping order of CSI fields in the order of MTRP NCJT CSI, the first TRP CSI, and the second TRP CSI.

It should be noted that the above proposal only takes care of UCI payload construction for MTRP CSI option 1 with X=1/2, and it does not introduce any priority levels among the single-TRP and NCJT measurement hypotheses.  If priority levels are not introduced among single-TRP and NCJT measurement hypotheses, then the whole CSI report for MTRP CSI option 1 with X=1/2 may be dropped if the CSI payload cannot be fit in the allocated PUSCH resources which is very inefficient.  Hence, we propose to introduce CSI part 2 omission rules to define priority among single-TRP and/or NCJT measurement hypothesis.
[bookmark: _Toc87051389]For multi-TRP CSI Option 1 with X=1 and X=2, specify CSI part 2 omission priority levels to define priorities for single-TRP and/or NCJT measurement hypotheses.
 
In RAN1#106bis-e, the following agreement was made:
Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting 
· Alt 4: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to all Single-TRP measurement hypotheses, and another one is applied to all NCJT measurement hypotheses. 
· If rank restriction of (X, Y) is configured, reported rank is X for all single-TRP measurement hypotheses and reported rank (1 out of 4 possible rank combinations) is Y for all NCJT measurement hypotheses.
· FFS: Whether there can be multiple candidate values of X and Y

It should be noted that in the existing specifications, the rank restriction is given by the bitmap configured in CodebookConfig (e.g., typeI-SinglePanel-ri-Restriction).  Hence, to support the rank restriction for NCJT measurement hypotheses a straightforward approach is to introduce a second rank restriction bitmap with total rank across the two TRPs limited to 4.  When such a rank restriction is configured, it is possible that multiple candidate rank restriction values are supported for NCJT CSI.
[bookmark: _Toc87051390]For NCJT rank restriction, support configuring a rank restriction bitmap in CodebookConfig specific to NCJT measurement hypoetheses.
[bookmark: _Toc87051391]->  Note that  more than one rank can be restricted by setting the corresponding bits in the bitmap.

Another open issue is if we should support non-PMI CSI reporting with reportQuantity set to "CRI-RI-CQI" for a CSI-ReportConfig for NCJT measurement hypothesis in Rel-17. Since this is the last RAN1 meeting for  Rel-17 and we have not seen any evaluation results so far, we propose to not support this for Rel-17. 
[bookmark: _Toc87051392]Non-PMI CSI reporting for NCJT measurement hypothesis is not supported in Rel-17.

Another discussion during the last RAN1 meeting was if any timing restrictions are needed for two CMRs within the same CMR pair configured for NCJT measurement hypothesis. One of the options was to restrict the two CMRs to be within X continuous slot(s) without DL/UL switch between the two CMRs, where X can be 1 or 2. It was further discussed whether X=2 should be a UE capability or not.  We believe that restricting the two CMRs to be in the same slot is unnecessary and should be left to the network to decide (i.e., the network should be free to configure between X=1 or X=2 to the UE.  For periodic and semi-persistent NZP CSI-RS, the UE needs to store/buffer the received NZP CSI-RS or the channel estimation anyway until a CSI report is triggered and reported. Thus, there does not seem to be a need to limit the network to configure X=1 by introducing a UE capability for X=2. Therefore, we have the following proposal:
[bookmark: _Toc87051393]Support two CMRs within the same CMR pair configured for NCJT measurement hypothesis to be restricted within X continuous slot(s) without DL/UL switch between two CMRs, where X can be either 1 or 2, and where X=2 is not a separate UE capability


One open issue for Option 1 is whether the X CSIs associated with single-TRP measurement hypotheses and the one CSI associated with NCJT measurement hypothesis should be reported jointly as one CSI report or as separate CSI reports. Since the single-TRP measurement hypotheses and the NCJT measurement hypothesis are different hypotheses belonging to the same CSI report setting, the natural solution is to include the sTRP CSI and NCJT CSI in the same report.

[bookmark: _Toc79191471][bookmark: _Toc87051394]Support one CSI report for reporting X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis.
Another open issue is if the same codebook subset restriction (CBSR) should be applied for all CMRs in both CMRs groups, or if separate CBSR can be configured per CMR group. Since different TRPs can be located at different heights, and they might need to restrict different PMIs to mitigate the inter-cell interference. Therefore, we believe that it would be beneficial if different CBSR could be configured for different CMR groups. Hence we propose 
[bookmark: _Toc87051395]Support Alt 2,  where two CBSRs can be configured per CodebookConfig, and one CBSR is applied to one CMR group in a CMR resource set, i.e. per TRP CBSR.
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[bookmark: _Toc87051413]Conclusion
In the previous sections we made the following observations: 
Observation 1	When Group 1 and Group 2 CSI are dropped due to CSI omission, gNB may not be able to construct a meaningful DL precoder merely based on Group 0 CSI.
Observation 2	Alt 2 and Alt 3 cannot solve the PMI reconstruction problem when Group 1 is dropped during CSI omission, as mentioned in Observation 1.
Observation 3	In Rel-17 Type II, , same as , also reflects layer-common long-term channel properties.
Observation 4	Prioritize more layers over more accurate PMI per layer may lose the orthogonality of PMIs for different layers.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Support Alt 1: Report Port indicator, SCI, and FD indicator in Group 0
Proposal 2	Support Alt 1, the coefficients are mapped firstly across port indices, secondly across FD basis indices, and thirdly layers.
Proposal 3	The value of  is determined via 
Proposal 4	Support Alt.1, i.e. the default value (Ks,max) of the maximum number of NZP CSI-RS resources configured for CMR to be equal to 4, for both FR1 and FR2.
Proposal 5	For multi-TRP CSI Option 1, for UCI payload construction, support the following:
-> modify mapping order of CSI fields of one CSI report (i.e., Table 6.3.1.1.2-[7]/9/10/11 for PUCCH and Table 6.3.2.1.2-3/4/5 for PUSCH in 38.212)
->  Introduce mapping order of CSI fields in the order of MTRP NCJT CSI, the first TRP CSI, and the second TRP CSI.
Proposal 6	For multi-TRP CSI Option 1 with X=1 and X=2, specify CSI part 2 omission priority levels to define priorities for single-TRP and/or NCJT measurement hypotheses.
Proposal 7	For NCJT rank restriction, support configuring a rank restriction bitmap in CodebookConfig specific to NCJT measurement hypoetheses.
->  Note that  more than one rank can be restricted by setting the corresponding bits in the bitmap.
Proposal 8	Non-PMI CSI reporting for NCJT measurement hypothesis is not supported in Rel-17.
Proposal 9	Support two CMRs within the same CMR pair configured for NCJT measurement hypothesis to be restricted within X continuous slot(s) without DL/UL switch between two CMRs, where X can be either 1 or 2, and where X=2 is not a separate UE capability
Proposal 10	Support one CSI report for reporting X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis.
Proposal 11	Support Alt 2,  where two CBSRs can be configured per CodebookConfig, and one CBSR is applied to one CMR group in a CMR resource set, i.e. per TRP CBSR.
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For the priority of mapping coefficients for Rel17 PS codebook, study the following altematives and down-select one or
more alternatives in RAN1#107-e:
o Alt 1: Support mapping coefficients firstly across port indices, secondly across FD basis indices, and thirdly
across layers, L.e. priority value is given by the priority valie Pri(l,i,f) =K -M-1+K-f+i
o Al 2: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD
basis indices, i.e., the priority value is given by Pril f] =v-K - f+vi+l
o Alt 3: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD
basis indices. i.e.. the priority value is given by Pri(l,i, f) =v-K - f+v-Pl)+1
o FFS port permutation function (i)
Note that other solutions are not excluded.
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