Page 1
[bookmark: _Hlk506110913][bookmark: _Ref462675860][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #99 	R1-1912966
October 18th – 22nd, 2019
Reno, Nevada, U.S.A.

[bookmark: Source]Agenda item:	7.2.8.1
Source: 	Qualcomm Incorporated
Title: 	Remaining issues on CSI Enhancement for MU-MIMO Support
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
In RAN1#98bis, following issues were discussed and agreed [1-3].
· CBSR;
· CSI omission;
· Extension Rel-16 type II port selection to rank 3-4;
· PMI subband determination on edge CQI subbands;
· Supporting L=2 and 4 and rank 1-2 as mandatory feature for Rel-16 Type II CSI without extra signaling; 
· Separate capability of regular Rel-16 Type II and Rel-16 Type II port selection
In this contribution, we discuss few remaining issues including UE capability and edge CQI/PMI without full CSI-RS presence.
UE capability on number of PMIs
It was agreed in RAN1 AH1901 that supporting R=2 PMIs per CQI subband has a secondary option. With R=2, the number of PMIs across the configured CSI reporting band can be any number upto 37. Regarding supporting R=2 PMIs per CQI subband has a secondary option, three alternatives were identified in the last meeting
· Alt1: Mandatory for all  values;
· Alt2: Mandatory for  and optional for ;
· Alt3: Mandatory for R=1, optional for R=2.
There are two concerns on Alt1 and Alt2. 
First, in our view, 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, from product perspective, to ensure commercial success, it is good to keep basic features at the first phase of Rel-16, and then upgrade with more advanced features in the future when interoperability testing is done. It is also not clear whether gNB will have R=2 in the initial roll out of release 16 type II. 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, and implicitly signaling support for R=2 without interoperability testing.
Neither option looks attractive for release 16 type II feature adoption in our opinion. 
Second. from complexity perspective, Alt1 requires additional cost in CSI calculation as the legacy Rel-15 UE can process upto 19 PMIs. Alt2 is a relaxation for Alt1, but it still 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 becomes more critical for UE supporting even smaller DL bandwidth. Hence, based on the discussion, we observe and propose
Observation 1: 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 2: Both Alt1 and 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 1: Support R=1 as mandatory and R=2 as optional for Rel-16 Type II CSI.
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 calculations. 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. Following the above logic, when R=2 is configured in Rel-16, there would be two different PMIs in one CQI. Thus, compared to R=1, the memory cost and the CSI calculation cost is doubled. Hence, based on the discussion, we observe
Observation 3: R=2 CSI requires more memory cost compared to R=1.
We propose
Proposal 2: 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 CBSR with amplitude restriction
In the last meeting, it was agreed that supporting soft amplitude restriction as an optional UE feature. In our view, extra UE capability signalling is needed for the gNB to facilitate the identification of whether the corresponding UE is capable of processing soft amplitude restriction. Without the signalling, the gNB may configure a soft amplitude restriction to capable UEs or incapable UEs who are actually incapable of processing soft amplitude restriction. If that happens, some UE may treat the spatial beam associated with the soft restriction as “ON”, some may treat the spatial beam associated with the soft restriction as “OFF”, while some others may treat it as an error case and not update the CSI report. Those uncertain UE behaviour would lead to divergent performance of CBSR, which may cause issue for RAN4 testing and ruin the feature. Based on the discussion, we observe and propose
Observation 4: Without capability signalling, the gNB does not know which UE is capable of processing soft amplitude restriction. The resultant performance is divergent and may cause issue for RAN4 testing. 
Proposal 3: Support CBSR with amplitude restriction as an optional feature with extra UE capability signalling. 
· Clarify in 214 spec that if UE declares not supporting CBSR with amplitude restriction, the UE does not expect to be configured with ampltidue restriction other than “1” and “0” in the amplitude restriction table.
UE capability on concurrent codebooks with mixed types
In current UE capability signaling, FG 2-36/2-40/2-41/2-43 captures the CSI capability for each codebook type across all CCs of a band, in terms of {max number of ports/resource, max number of resources, max number of total ports}. To accommodate the case multiple codebook types are processed simultaneously, the UE may have to underreport its capability. 
Table 1: Example of actual capability of a Rel-15 UE (only shown number of resources)
	Rel-15 Type I
	6
	0
	2
	3
	4

	Rel-15 Type II
	0
	4
	4
	3
	2

	Support or not
	Y
	Y
	N
	Y
	Y


Considering the actual UE capability of a Rel-15 UE shown in Table1 with 16-port per resource,
· 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 and 3+3 resources, but it is unable to process 2+4 resources at a time.
If UE reports 6 resources for Type I in FG 2-36 and 4 resources for Type II in FG 2-41, then it does not exclude the invalid trigger of 2+4 resources for concurrent Type I + Type II. Hence, to avoid this invalid trigger, the UE has to underreport capability for Type II as 2 resources in FG 2-41 – lose the actual capability of 4 resources.
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
	Y
	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. 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 + Rel3 -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 trigger of invalid trigger of 1+2+3 resources or 2+1+3 resources for Rel-16 Type II + Rel-15 Type II + Type I, the UE has to report 1 resource for Rel-16 Type II and 1 resource for Rel-15 Type – lose the actual capability of 4 resources and 3 resources, respectively. 
From the above example, we can see the 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 should be avoided. In addition, we don’t see a scenario where UE should be tasked to process Rel-15 Type II and Rel-16 Type II concurrently. Hence, based on the discussion, we observe and propose
Observation 5: 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. And there is no realistic use case for UE to calculate both release 15 and release 16 Type II at the same time.
Proposal 4: UE does not expect to process any of regular Rel-15 Type II, Rel-15 Type II port-selection, regular Rel-16 Type II and Rel-16 Type II port-selection CSI concurrently.
Besides, to solve the underreporting issue for other mixed codebook types, there may exist ways, or a mixture of them
· Alt1: Report concurrent codebook capabilities, e.g., Rel-15 Type II + Type I, Rel-16 Type II + Type I;
· Alt2: 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
Alt1 signals capability of codebook/CSI combination explicitly, while Alt2 applies an implicit restriction on concurrent codebooks with mixed types. Either of the aforementioned alternatives allows the UE to be braver in reporting per-codebook capability in FG2-36/40/41/43 considering the corresponding codebook is triggered alone. 
The drawback of Alt1 is large RRC overhead, while the pain-point of Alt2 lies in restricted flexibility. In our view, a more balanced solution is Alt1+Alt2. That is, the UE may report useful codebook combinations via Alt1, then apply the restriction in Alt2 to the combinations not reported via Alt1. 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 6: Current signalling of CSI processing capability leads to underreported capability when multiple codebooks are supported in the same band, especially for Rel-15 and Rel-16 Type II CSIs.
Proposal 5: In Rel-16, for concurrent codebooks with mixed types, support one of the following alternatives, or a mixture of them:
· Alt1: Report concurrent codebook capabilities, e.g., Rel-15 Type II + Type I, Rel-16 Type II + Type I;
· Alt2: 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.
Conclusion
In this contribution, we discuss the remaining issues related to Type II CSI enhancement. Based on the discussion, we observe and propose
Observation 1: 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 2: Both Alt1 and 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 3: R=2 CSI requires more memory cost compared to R=1.
Observation 4: Without capability signalling, the gNB does not know which UE is capable of processing soft amplitude restriction. The resultant performance is divergent and may cause issue for RAN4 testing. 
Observation 5: 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. And there is no realistic use case for UE to calculate both release 15 and release 16 Type II at the same time.
Observation 6: 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.
Proposal 1: Support R=1 as mandatory and R=2 as optional for Rel-16 Type II CSI.
Proposal 2: 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, report whether supporting R=2 together with 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 3: Support CBSR with amplitude restriction as an optional feature with extra UE capability signalling. 
· Clarify in 214 spec that if UE declares not supporting CBSR with amplitude restriction, the UE does not expect to be configured with codepoint “01” and “10” in the amplitude restriction table.
Proposal 4: UE does not expect to process any of regular Rel-15 Type II, Rel-15 Type II port-selection, regular Rel-16 Type II and Rel-16 Type II port-selection CSI concurrently.
Proposal 5: In Rel-16, for concurrent codebooks with mixed types, support one of the following alternatives, or a mixture of them:
· Alt1: Report concurrent codebook capabilities, e.g., Rel-15 Type II + Type I, Rel-16 Type II + Type I;
· Alt2: 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.
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