Page 1
[bookmark: _Hlk506110913][bookmark: _Ref462675860]3GPP TSG RAN WG1 #100-e	R1-2002550
April 20th – April 30th, 2020

[bookmark: Source]Agenda item:	7.2.6.1
Source: 	Qualcomm Incorporated
Title: 	Remaining issues on CSI enhancement for MU-MIMO support
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
In this contribution, we raise the issues of confusing UE behavior in CSI measurement and propose solutions to resolve these confusing issues. We also discuss remaining issues in UE feature list.
Size of intermediate set when 
When the total number of PMI subbands is greater than 19, i.e., , a two-step FD bases selection was agreed in RAN1 #97 [1]. The first step is to select an intermediate set which is common to all layers, the size of the intermediate set is agreed as follows:
1. For N3>19, IntS is window-based and fully parameterized with Minitial, indicating that the intermediate set consists of FD bases mod(Minitial + n, N3), n=0,1, …, [image: ] 
0. The value [image: ] where  is higher-layer configured from two possible values 
In RAN1 #98, it was further agreed that  is fixed to 2, but the M value above is yet to be defined. There might be two understandings: 
· Alt1: the M value above is fixed to the value in low-rank (i.e.,  and )
· Alt2: the M value above depends on the reported rank (i.e., ). 
The current spec [2, 3] follow Alt2, but it may result in a smaller window size for high rank than the low rank. 
· For instance, for rank-2, we have  and  for rank-2, it means that total 20 FD bases selected across layers should fit in a window with size . However, for rank-4, we may have  and , there are still total 20 FD bases selected across layers, but window size  seems too small. 
In our view, considering that the total number of FD bases are comparable for low rank and high rank, and the FD bases selection may vary across different layers, so Alt1 is preferred as it yields a constant window size for both low and high rank.
Another benefit of rank-common intermediate set size is lower implementation complexity. With Alt2, the UE has to recalculate the intermediate set to perform FD bases selection for RI={3,4}, such operation is unnecessary and may lead to performance loss compared to Alt1 as the size of intermediate set resulted by Alt2 is smaller than the size of intermediate set resulted by Alt1.
Based on the discussion, we observe and propose. 
Proposal 1: When , the size of the intermediate set is give by  for RI={1,2,3,4}, where  is the number of FD bases selected for RI={1,2}.
The corresponding text proposal is as follows
---------------------------------------- Start of text proposal to Section 5.2.2.2.5 in TS 38.214 ---------------------------------------
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
 vectors, , , are identified by  (for ) and where



which are indicated by means of the indices  (for ) and  , where
	

	.


>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
For all values of ,  for . The nonzero elements of , identified by  are found from  , for , and from   and , for , using   as defined in 5.2.2.2.3 and the algorithm:
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[bookmark: _Hlk25261061][bookmark: _Hlk25260973]Find the largest  in Table 5.2.2.2.5-4 such that
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end if
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
When  and  are known, and  are found as follows:
-	If  ,  and is not reported. , where  is given in Table 5.2.2.2.5-4 and where the indices  are assigned such that  increases as  increases.
-	If  ,  is indicated by , which is reported and given by
	
[bookmark: _Hlk21614805][bookmark: _Hlk25262195]	Only the nonzero indices , where, are reported, where the indices  are assigned such that  increases as  increases. Let
	
	then , where  is given in Table 5.2.2.2.5-4.
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
-------------------------------------------------------------- End of text proposal --------------------------------------------------------------

---------------------------------------- Start of text proposal to Section 6.3.2.1.2 in TS 38.212 ------------------------------------------
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
Table 6.3.2.1.2-1A: PMI of codebookType= typeII-r16
	
	Information fields 

	
	
	
	
	
	
	
	
	
	
	
	
	

	Rank=1

	4
	N/A
	N/A
	N/A
	
	
	N/A
	N/A
	N/A
	
	
	

	Rank=2

	4
	4
	N/A
	N/A
	
	
	
	N/A
	N/A
	
	
	

	Rank=3

	4
	4
	4
	N/A
	
	
	
	
	N/A
	
	
	

	Rank=4

	4
	4
	4
	4
	
	
	
	
	
	
	
	


>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
Table 6.3.2.1.2-2A: PMI of codebookType= typeII-PortSelection-r16
	
	Information fields 

	
	
	
	
	
	
	
	
	
	
	
	
	

	Rank=1

	4
	N/A
	N/A
	N/A
	
	
	N/A
	N/A
	N/A
	
	
	

	Rank=2

	4
	4
	N/A
	N/A
	
	
	
	N/A
	N/A
	
	
	

	Rank=3

	4
	4
	4
	N/A
	
	
	
	
	N/A
	
	
	

	Rank=4

	4
	4
	4
	4
	
	
	
	
	
	
	
	



>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
-------------------------------------------------------------- End of text proposal --------------------------------------------------------------

Parameter combination for small number of subbands
In eType II and eType II port-selection codebook, the codebook parameters (number of spatial bases, number of FD bases and number of non-zero coefficients) are configured by the higher-layer parameter paramCombination-r16. There are 8 combinations in total wherein combo indices 1-6 are mandatory and combo indices 7-8 with L=6 are optional.
	paramCombination-r16
	
	
	

	
	
	
	
	

	1
	2
	¼ 
	1/8 
	¼ 

	2
	2
	¼ 
	1/8
	½ 

	3
	4
	¼ 
	1/8
	¼ 

	4
	4
	¼ 
	1/8
	½ 

	5
	4
	¼ 
	¼ 
	¾

	6
	4
	½ 
	¼ 
	½ 

	7
	6
	¼ 
	- 
	½ 

	8
	6
	¼ 
	-
	¾ 


The number of FD bases is given by . Among the 8 combinations, we can see that when the number subbands (i.e., ) are very small, there would be only one FD basis. Then, in this case, the number of non-zero coefficients would be small than 2L as  with . This observation implies that there would be some spatial beams with all zero coefficients. In other words, configuration of L=4 would be degraded to L=3 or L=2 if  and  or . Such degradation of L would be detrimental to system performance. 
To solve the degradation of L, one way is to set  for the scenario with . The scenario with  happens when  as the largest value of  is ½. Based on the discussion, we observe and propose
Observation 1: When , there is a degradation in terms of number of spatial beams, which is detrimental to system performance.  happens when .
Proposal 2: For eType II and eType II port-selection, support  if .
The corresponding text proposal is as follows.
---------------------------------------- Start of text proposal to Section 5.2.2.2.5 in TS 38.214 ---------------------------------------
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
The values of ,  and  are determined by the higher layer parameter paramCombination-r16, where the mapping is given in Table 5.2.2.2.5-1.
-	The UE is not expected to be configured with paramCombination-r16 equal to
-	3, 4, 5, 6, 7, or 8 when ,
-	7 or 8 when 
-	7 or 8 when higher layer parameter typeII-RI-Restriction-r16 is configured with  for any .
-	7 or 8 when .
	-	When ,  is set to 1.
>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> unchanged text omitted <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
-------------------------------------------------------------- End of text proposal --------------------------------------------------------------

Discussion on MU CSI UE features list
General comments to 16-3a and 16-3b
The definition of “basic components” and “optional components” are yet clear, so we input the necessary signaling for 16-3a and 16-3b analoguous to Rel-15 FG2-36/40/41/43. Other comments are as follows.
1. Regarding the triplets of supported CSI-RS resources {max # ports per resource, max # resources, max # total ports}, it should be signaled independently for eType II and eType II port-selection. UE is allowed to signal 7 triplets (for # ports per resource being 2, 4, 8, 12, 16, 24, 32) per-band per-codebook. As eType II and eType II port selection are more complicated than other codebooks, these triplets cannot be inferred from other codebooks, and they are essential for commercial success of eType II and eType II port-selection.
2. Regarding parameter combinations,
a. For 16-3a, there was previous agreement in RAN1#99 that parameter combinations 7-8 are optional with extra capability signalling. The intention is to signal whether UE support L=6 spatial beams for linear combination L={2,4} or L={2,4,6}. So, we propose signal {‘support L=6’, ‘not support L=6’}.
b. For 16-3b, since there was agreement in RAN1#99 that only combination 1-6 are supported, there is no need of extra signalling for it.
3. Regarding number of PMI subbands for both 16-3a and 16-3b, there was debating in RAN1 #98b that whether the signal should be N3 > 19 or R=2. For better UE differentiation, our preference is supporting R=2 as it increases the total number of PMI subbands, and also introduces more than one PMIs in one CQI subbands. We also think whether support R=2 should be jointly signalled with the triplet of CSI-RS capabilities. Detailed discussion is under section 2.2.
4. Regarding supporting rank of 1-4 for both 16-3a and 16-3b. There was previous agreement in RAN1 #99 that supporting RI={1,2} is mandatory and supporting RI={3,4} are optional. So the capability signalling should be {1-2, 1-4}.
5. Regarding CBSR,
a. For 16-3a, there was agreement in RAN1 #99 that supporting “soft” amplitude restriction as an optional feature. In other words, the codepoint “01” and “10” in table 5.2.2.2.5-6 are optional, analogous to Type II in Rel-15. So, we propose to reuse the capability signaling amplitudeSubsetRestriction in Type II. UE will signal “supported” or “not supported”.
b. For 16-3b, there is no need amplitude restriction applied to RAN1#99
6. Regarding rank-restriction and UCI omission, they should be supported by default if UE support 16-3a and 16-3b, so there is no need of signalling.
7. Regarding concurrent codebooks with mixed types, it should be supported to solve under-reporting issue. However, it shall not be a sub-feature of either eType II or eType II port-selection, it is general to all codebook types. Our proposal is as follows and detailed explanation is given in section 2.3
a. Signaled in a form as {codebook A, codebook B, max # ports per resource, max # resource, max # total ports}, where Codebook A is one of {Type I SP, Type I MP}, codebook B is one of {Type II, Type II port-selection, eType II, eType II port-selection}
b. Signal max 4 list of {codebook A, codebook B, max # ports per resource, max # resource, max # total ports}.
c. For other codebook A + codebook B which are not signaled,
i. Any combination of codebook A = {Type II, Type II port-selection, eType II, eType II port-selection} and codebook B = {Type II, Type II port-selection, eType II, eType II port-selection} is not allowed.
ii. Else, the combined capability should be within the capability of each codebook. E.g., (8,2) Type I + (16,1) e Type II is valid if (max{8,16}, 2+1, 8*2+16*1)=(16,3,32) is within the reported capability of Type I and Rel-16 Type II.
Proposal 3: Support following UE feature list for MUCSI enhancement.
	16-3a
	Regular eType-II
	1. CSI-RS capability: A list of supported combinations, each combination is of {Max # of Tx ports in one resource, max # of resources and total # of Tx ports} to support regular eType II
2. Support of parameter combinations {support L=6, not support L=6}
3. Number of PMI subbands {R=1, R=1-2}
a. Jointly reported with component 1, i.e., a list of supported combinations, each combination is of { Max # of Tx ports in one resource, max # of resources and total # of Tx ports, R=1 or R=1-2}
4. Supported rank: {1-2, 1-4}
5. Support amplitude subset restriction level {no amplitude subset restriction, support amplitude subset restriction}
1. 

	16-3b
	Port selection eType-II
	1. CSI-RS capability: A list of supported combinations, each combination is of {Max # of Tx ports in one resource, max # of resources and total # of Tx ports} to support eType II port-selection
2. Number of PMI subbands {R=1, R=1-2}
a. Jointly reported with component 1, i.e., a list of supported combinations, each combination is of { Max # of Tx ports in one resource, max # of resources and total # of Tx ports, R=1 or R=1-2}
3. Supported rank: {1-2, 1-4}


	16-3c
	CSI-RS capabilities for concurrent codebooks with mixed types
	A list of supported combinations, each combination is of {Codebook A, Codebook B, Max # of Tx ports in one resource, max # of resources and total # of Tx ports} to support codebook combinations of codebook A and codebook B.




UE capability on number of PMIs Subbands
Discussion on UE capability on number of PMIs Subbands
It was agreed in RAN1 AH1901 that supporting R=2 PMIs per CQI subband as a secondary option. This is new as, there is R=1 PMI per CQI subband in release 15. Regarding supporting R=2 PMIs per CQI subband as a secondary option, there are two alternatives:
· Alt1: Supporting R=2 as optional with additional capability (for all values of N3)
· Alt2: Supporting (R=2, N3<=19) as mandatory, (R=1, N3>19) as optional with additional capability.
The commonality between Alt1 and Alt2 lies in supporting (R=1, N3>19) as optional with additional capability, the only open item lies in (R=2, N3<=19). In our view, there are two concerns on mandatory support of R=2 and N3<=19. 
First, the fundamental feature of Rel-16 Type II CSI is specifying frequency compression so as to achieve overhead reduction compared to Rel-15 Type II CSI. The motivation of R=2 is to achieve further performance enhancement under comparable overhead of R=1, so it shall be considered as an additional feature. Besides, R=2 involves new operations compared with R=1 on both UE side as well as gNB side – e.g., a new subband size for PMI, mismatch subband size on PMI and CQI, as well as increased total number of PMIs. For this reason,   it is good to separate basic core features from more advanced features, particularly so from feature commercialization perspective. Moreover, it is also not clear whether all gNB vendors will have R=2 in the initial roll out of release 16 type II to allow proper interoperability testing. In the event where gNB only have R=1 supported and without capability bit to signal R=2 is not tested, this would imply a release 16 UE will have to either:
A. Deferring basic release 16 type II with R=1 support on UE capability until R=2 is available for interoperability testing; or
B. Signaling support for release 16 type II, which implicitly signaling support for R=2 for lower CQI subband cases without proper interoperability testing.
Neither option is attractive for release 16 type II feature adoption in our opinion. 
Second. from complexity perspective, Alt2 increases the complexity for UEs supporting small bandwidth. For instance, if a UE supports a 20MHz band with 15kHz SCS, there are 51 RBs and the maximum number of CQI subbands is 13 (considering that the CQI subband size is 4RB). This means that the maximum number of PMIs is 13 when R=1. However, with Alt2, the UE is mandated to support upto 19 PMIs because it is allowed to be configured with R=2. The problem is more pronounced for smaller DL bandwidth. Hence, based on the discussion, we observe and propose
Observation 2: R=2 requires new operation such as a new subband size for PMI, mismatch subband size on PMI and CQI, as well as increased total number of PMIs, which requires solid interoperability testing to ensure commercial success.
Observation 3: Alt2 on number of PMIs requires additional cost in CSI calculation implementation compared to the legacy Rel-15 UE, especially for UEs supporting small bandwidth.
Proposal 4: Support R=2 as optional for Rel-16 Type II CSI.
CSI processing criteria for R=2
In Rel-15, UE reports the max number of simultaneous resource and max number of simultaneous ports per codebook, and also reports the max number of simultaneous resource and max number of simultaneous ports per band-band combination regardless of codebook type. These reflect UE’s capacity to store intermediate results of CSI measurements. For a single CSI-RS resource associated with N CSI reports, it is also agreed that the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times. The motivation is that two different CSI report may have different report quantity or different interference measurement, and these two CSI calculations may not share common intermediate results. So, the memory used to store intermediate results is doubled even if the two CSI reports share a common CSI-RS resource. Similarly, when R=2 is configured in Rel-16, there would be two different PMIs in one CQI. In other words, the number PMI calculations would be doubled for a single CSI-RS resource. Thus, compared to R=1, the memory cost and the CSI calculation cost is doubled. Hence, based on the discussion, we observe
Observation 4: R=2 CSI requires more memory cost compared to R=1.
We propose
Proposal 5: For R=2, support one of the following for CSI-RS resource and ports occupation
· AltA: When R=2, the number of active resources and the number of active ports within the resources should be counted twice in both CSI-RS account and codebook capability accounting;
· AltB: In UE capability signalling, include whether supporting R=2 in each SupportedCSI-RS-Resource, i.e., SupportedCSI-RS-Resource contains {max number of ports per resource, max number of resources, max number of total ports, max number of PMIs per subband CQI}.
UE capability on concurrent codebooks with mixed types
In current UE capability signaling FG 2-36/2-40/2-41/2-43, UE reports the CSI capability for each codebook type across all CCs of a band, in terms of {max number of ports per resource, max number of resources, max number of total ports}. Those numbers are applied regardless of whether the CSI of different codebooks are triggered over non-overlapping intervals or concurrently. Further, an overall simultaneous CSIRS resources and total ports are signaled in 2-33. However, as the CSI engine may be (partially) shared among different codebooks, For a certain codebook, a UE’s processing capability without codebook concurrency could possibly be higher compared with that in concurrency with other codebook. To accommodate the case where mixed codebook types are processed concurrently, the UE may have to underreport its capability.
For illustration purpose, let’s consider an example UE. To simplify discussion, let’s further focus on a case where all CSI-RS process have the same number of ports (for example, 16 ports). As part of CSI engine can possibly be shared between codebook modes and Type II processing can be more expensive than Type I processing capability – the example UE in consideration might have concurrent processing capability tabulated below (max simultaneous process is assumed to be 6)
Table 1: Example of actual capability of a Rel-15 UE (only shown number of resources)
	 
	Rel15 Type I CSI 

	
	0
	1
	2
	3
	4
	5
	6

	Rel15 Type II CSI 
	0
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	1
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	 

	
	2
	Yes
	Yes
	Yes
	Yes
	Yes
	 
	 

	
	3
	Yes
	Yes
	Yes
	No
	 
	 
	 

	
	4
	Yes
	Yes
	No
	 
	 
	 
	 

	
	5
	No
	No
	 
	 
	 
	 
	 

	
	6
	No
	 
	 
	 
	 
	 
	 


For such a UE:
· For Type I alone, the UE is able to process 6 resources at a time;
· For Rel-15 Type II alone, the UE is able to process 4 resources at a time;
· For concurrent Type I + Type II, the UE is able to process 4+2 resources, but it is unable to process 2+4 resources and 3+3 resources at a time (since type II can be more expensive than type I)
If such a UE reports 6 resources for Type I in FG 2-36 (and FG2-33) and 4 resources for Type II in FG 2-41, then it does not exclude the concurrent trigger of 2+4 and 3+3 resources for Type I + Type II, which such a UE is not able to support. Hence, to avoid such a  trigger, the UE has to examine worst case concurrency and underreport capability for Type II as 2 resources in FG 2-41 – lose the actual standalone capability of 4 resources.
It is noteworthy that FG2-33 does not solve this problem. In FG2-33, UE reports {max number of resources, max number of total ports}, regardless of codebook type. In the example above, to support Type I (or the most simple codebook), FG2-33 need to be set to 6, which does not allow UE to signal concurrency combination it cannot support if Type II codebook is reported base without considering maximum concurrency (i.e., 2+4 and 3+3). In other words, UE has to assume the worst case codebook concurrency even if network has no intention or use case for such concurrency. Such assumption reduces CSI reporting capability UE can report.
Let’s further extend the above example to a release 16 UE. With compression, higher rank, more beams, and smaller PMI subband, it is not hard to see Release 16 Enhanced Type II codebook requires more processing on CSI engine compared with its release 15 counterpart, hence UE will be able to process less resources. To avoid tabulate in 3-D, we tabulate a few concurrent combinations across three codebooks 
Table 2: Example of actual capability of a Rel-16 UE (only shown number of resources)
	Rel-15 Type I
	6
	0
	0
	2
	3
	4
	3
	4
	3
	3
	4

	Rel-15 Type II
	0
	4
	0
	4
	3
	2
	0
	0
	1
	2
	1

	Rel-16 Type II
	0
	0
	3
	0
	0
	0
	3
	2
	2
	1
	1

	Support or not
	Y
	Y
	Y
	N
	N
	Y
	N
	Y
	N
	N
	Y


In Rel-16, the underreporting issue becomes more exacerbated. This is because when UE reports per-codebook capability, it has to consider the worst case where Rel-16 Type II and Rel-15 Type II are being processed simultaneously – regardless of whether network intend to trigger these reports at the same time. Considering the actual UE capability shown in Table with 16-port per resource, 
· For Rel-16 Type II alone, a UE is able to process 3 resources;
· For Rel-16 Type II + Rel-15 Type II + Type I, the UE is able to process 1+1+4 resources at a time, but it is unable to process either 1+2+3 resources or 2+1+3 resources at a time.
To exclude the concurrency case of 1+2+3 resources or 2+1+3 resources for Rel-16 Type II + Rel-15 Type II + Type I, the example UE has no choice but to report 1 resource as Rel-16 Type II codebook capability and 1 resource as Rel-15 Type – lose the actual capability of 4 resources and 3 resources, respectively. Also note as we enable more advanced (computational intensive) codebook, we have to either disable some legacy codebook (drop Rel-15 type II codebook support would allow us to signal 2 resource as Rel16 Type II capability); or scale back legacy codebook capability (in this example, reduce Rel15 Type II capability from 2 to 1 when we turn on Rel16 feature). This leads to a Rel-16 UE may have a lower capability of supporting Rel-15 Type II compared to a Rel-15 UE. Such a regression in CSI capability appears to be an unintended and undesirable consequence of current CSI UE capability definition. 
Hence, based on the discussion, we observe 
Observation 5: UE may have to underreport its per codebook capability FG 2-36/2-40/2-41/2-43 to accommodate concurrently triggered codebooks with mixed types.
Observation 6: Current UE capability FD2-33 does not solve the per codebook capability underreporting problem as it only captures the envelop of all codebook types and does not manage to exclude particular codebook combinations cases effectively.
Observation 7: Current signalling of CSI processing capability may lead to a regression of Rel-15 Type II capability for Rel-16 UE compared to Rel-15 UE. 
To address the underreporting problem, UE need to be allowed to make more reasonable assumption on mixed codebook concurrency.  For a specific codebook combination, network can outright ban this combination; explicitly collect a separate CSI capability from UE; or implicitly deduce capability from per codebook capability.
The most straightforward solution is to avoid UE side concurrent processing of codebooks with mixed types. Note network can still configure different codebook type in report config, just they should not be simultaneously active. This might be reasonable for some codebook combinations (Rel15 type II + Rel16 Type II, for example). However, for other combinations, this solution can be overly restrictive due to the following reasons. 
· The max number of resources reported in FG2-36/40/41/43 is applied to active resources. If the network configures a type I CSI report based on periodic CSI-RS, such type I CSI report would be considered as always active as the active time of periodic CSI-RS starts from the RRC configuration to the deconfiguration. Then, if concurrent processing of different codebooks is avoided, the network may never be able trigger a Type II CSI until receiving RRC to deactive the periodic CSI-RS. 
· Another reason to allow concurrent processing of different codebook types lie in intra-band CA case. For example, a UE may operate on a narrow BWP in CC1 and a wider BWP in CC2, then the network may choose to trigger a Type I CSI in CC1 and a Type II in CC2.
Observation 8: Avoid concurrent processing of codebooks with mixed types is too restricted from two perspectives: 1) Type II CSI may never triggered in a Type I CSI is based on periodic CSI-RS; 2) it is useful to allow concurrent processing of different codebook types in intra-band CA case. 
To address the underreporting issue and accommodate useful concurrent codebook combinations with mixed types, there may exist two ways (explicit and implicit scheme), or a mixture of them
· Explicit scheme: Report concurrent codebook capabilities, e.g., Rel-15 Type II + Type I, Rel-16 Type II + Type I;
· Implicit scheme: The combined capability of the concurrent codebooks shall be within the capability of each codebook.
· For concurrent codebook 1 with  and codebook 2 with , where  and  denote the number of ports per resource and the number of resources for codebook  triggered by the gNB, the UE expects  is within the capability report of both codebook 1 and codebook 2.
· E.g., (8,2) Type I + (16,1) Rel-16 Type II is valid if (max{8,16}, 2+1, 8*2+16*1)=(16,3,32) is within the reported capability of Type I and Rel-16 Type II
Table 3. Capability signaling with current spec (6 resources for Type I, 2 resources for Type II)
	 
	Rel15 Type I CSI processes

	
	0
	1
	2
	3
	4
	5
	6

	Rel15 Type II CSI processes
	0
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	1
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	 

	
	2
	Yes
	Yes
	Yes
	Yes
	Yes
	 
	 

	
	3
	Yes
	Yes
	Yes
	No
	 
	 
	 

	
	4
	Yes
	Yes
	No
	 
	 
	 
	 

	
	5
	No
	No
	 
	 
	 
	 
	 

	
	6
	No
	 
	 
	 
	 
	 
	 


Table 4. Capability signaling with implicit capability signaling (6 resources for Type I, 4 resources for Type II)
	 
	Rel15 Type I CSI 

	
	0
	1
	2
	3
	4
	5
	6

	Rel15 Type II CSI processes
	0
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	1
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	 

	
	2
	Yes
	Yes
	Yes
	Yes
	Yes
	 
	 

	
	3
	Yes
	Yes
	Yes
	No
	 
	 
	 

	
	4
	Yes
	Yes
	No
	 
	 
	 
	 

	
	5
	No
	No
	 
	 
	 
	 
	 

	
	6
	No
	 
	 
	 
	 
	 
	 


Table 5. Capability signaling with explicit capability signaling (6 resources for Type I, 4 resources for Type II, 5 resources for Type I + Type II)
	 
	Rel15 Type I CSI 

	
	0
	1
	2
	3
	4
	5
	6

	Rel15 Type II CSI 
	0
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	1
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	 

	
	2
	Yes
	Yes
	Yes
	Yes
	Yes
	 
	 

	
	3
	Yes
	Yes
	Yes
	No
	 
	 
	 

	
	4
	Yes
	Yes
	No
	 
	 
	 
	 

	
	5
	No
	No
	 
	 
	 
	 
	 

	
	6
	No
	 
	 
	 
	 
	 
	 


An evaluation of the two schemes is illustrated in Table 3, 4 and 5. The combinations UE can signal support with each scheme are highlighted in green. The boxes with “Yes” but marked in red are the remaining underreported cases. UE would not signal any combination it cannot support, e.g., 3+3, 2+4 and >4 TypeII in this specific example. The UE reports 6 resources for Type I in FG2-36. For Type II,
· With current spec, the UE would have to underreport Type II capability as 2 resources – lose actual capability even when network has no intention to trigger mixed type report.
· With implicit scheme, the UE may report 4 resources – meet the actual capability for no concurrency case, but loss some concurrent codebook combinations. An extreme case (though not shown in Figure 1) is that if UE reports support max 1 resource for Type II, then it may never be scheduled to process Type I + Type II concurrently. 
· With explicit scheme, the UE may report 4 resources and report 5 resources for Type I + Type II. It solves the underreporting issue to a satisfying level by allowing UE reporting a more aggressive value in FG2-41 (i.e., 4). Also, it enables more concurrent processing of Type I + Type II CSIs. 
The drawback of the explicit scheme is possible large RRC overhead, as there are 7 codebook types (i.e., Rel-15 Type I single panel, multi-panel, Rel-15 regular/port-selection Type II, Rel-16 regular/port-selection Type II, and non-PMI based CSI) and the number of combinations is countless. Hence, in our view, a more balanced solution is to combine the explicit and implicit schemes. That is, the UE may report useful codebook combinations via explicit scheme, then apply implicit scheme to the combinations that are not reported. In this way, the RRC overhead is reduced while preserving a certain flexibility in CSI request.
Based on the above discussion, we observe and propose
Observation 9: Implicit scheme lose some flexibilities in triggering current CSI reports with mixed codebook types, explicit scheme may cause large RRC overhead, thus a combination of the two schemes may achieve good balance.
Proposal 6: In Rel-16, support explicit scheme, or implicit scheme or combination of them to specify UE capability of processing concurrent codebooks with mixed types.
Proposal 7: In Rel-16, for UE capability of supporting concurrent codebooks with mixed types, support the following solution:
· Report {codebook1, codebook2, max number of ports per resource, max number of resources, max number of ports} for concurrent codebook with mixed types
· Codebook1 is restricted to Type I (SP/MP), and codebook2 is restricted to Type II (any type, Rel-15/16, regular/port-selection)
· Limit the total number of current capabilities to 4
· For other concurrent codebooks types, the combined capability of the concurrent codebooks shall be within the capability of each codebook;
· For concurrent codebook 1 with  and codebook 2 with , where  and  denote the number of ports per resource and the number of resources for codebook  triggered by the gNB, the UE expects  is within the capability report of both codebook 1 and codebook 2.
· Combination of 3 codebooks is not allowed.
· Any combination of type II codebooks is not allowed.
Conclusion
In this contribution, we discuss the remaining UE capability issues related to Type II CSI enhancement. Based on the discussion, we observe
Observation 1: When , there is a degradation in terms of number of spatial beams, which is detrimental to system performance.  happens when .
Observation 2: R=2 requires new operation such as a new subband size for PMI, mismatch subband size on PMI and CQI, as well as increased total number of PMIs, which requires solid interoperability testing to ensure commercial success.
Observation 3: Alt2 on number of PMIs requires additional cost in CSI calculation implementation compared to the legacy Rel-15 UE, especially for UEs supporting small bandwidth.
Observation 4: R=2 CSI requires more memory cost compared to R=1.
Observation 5: UE may have to underreport its per codebook capability FG 2-36/2-40/2-41/2-43 to accommodate concurrently triggered codebooks with mixed types.
Observation 6: Current UE capability FD2-33 does not solve the per codebook capability underreporting problem as it only captures the envelop of all codebook types and does not manage to exclude particular codebook combinations cases effectively.
Observation 7: Current signalling of CSI processing capability may lead to a regression of Rel-15 Type II capability for Rel-16 UE compared to Rel-15 UE. 
Observation 8: Avoid concurrent processing of codebooks with mixed types is too restricted from two perspectives: 1) Type II CSI may never triggered in a Type I CSI is based on periodic CSI-RS; 2) it is useful to allow concurrent processing of different codebook types in intra-band CA case. 
Observation 9: Implicit scheme lose some flexibilities in triggering current CSI reports with mixed codebook types, explicit scheme may cause large RRC overhead, thus a combination of the two schemes may achieve good balance.
And we propose
Proposal 1: When , the size of the intermediate set is give by  for RI={1,2,3,4}, where  is the number of FD bases selected for RI={1,2}.
Proposal 2: For eType II and eType II port-selection, support  if .
Proposal 3: Support UE feature list in section 4.1 for MUCSI enhancement.
Proposal 4: Support R=2 as optional for Rel-16 Type II CSI.
Proposal 5: For R=2, support one of the following for CSI-RS resource and ports occupation
· AltA: When R=2, the number of active resources and the number of active ports within the resources should be counted twice in both CSI-RS account and codebook capability accounting;
· AltB: In UE capability signalling, include whether supporting R=2 in each SupportedCSI-RS-Resource, i.e., SupportedCSI-RS-Resource contains {max number of ports per resource, max number of resources, max number of total ports, max number of PMIs per subband CQI}.
Proposal 6: In Rel-16, support explicit scheme, or implicit scheme or combination of them to specify UE capability of processing concurrent codebooks with mixed types.
Proposal 7: In Rel-16, for UE capability of supporting concurrent codebooks with mixed types, support the following solution:
· Report {codebook1, codebook2, max number of ports per resource, max number of resources, max number of ports} for concurrent codebook with mixed types
· Codebook1 is restricted to Type I (SP/MP), and codebook2 is restricted to Type II (any type, Rel-15/16, regular/port-selection)
· Limit the total number of current capabilities to 4
· For other concurrent codebooks types, the combined capability of the concurrent codebooks shall be within the capability of each codebook;
· For concurrent codebook 1 with  and codebook 2 with , where  and  denote the number of ports per resource and the number of resources for codebook  triggered by the gNB, the UE expects  is within the capability report of both codebook 1 and codebook 2.
· Combination of 3 codebooks is not allowed.
· Any combination of type II codebooks is not allowed.
[bookmark: _GoBack]We propose adopting text proposals in Sections 2 and 3.
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