[bookmark: _GoBack]3GPP TSG RAN WG1 99			R1-1912481
Reno, USA, 18th – 22nd November, 2019

[bookmark: Source]Agenda item:	7.2.8.1
Source: 	Samsung
Title: 	Feature lead summary for offline email discussion on UE capability
[bookmark: DocumentFor]Document for:	Discussion and Decision

UE capability on the number of PMI subbands
The following was discussed in RAN1#98bis [1]:
Discussion: 
For Rel.16 Type II codebook:
· Mandatory for all N3 values
· Support: Ericsson, CATT, Fraunhofer/HHI
· Concern:
· Mandatory for N3<=19, optional for N3>19: 
· Support: Intel, ZTE, Samsung, Huawei/HiSi,  
· Concern: 
· Mandatory for R=1, optional for R=2:
· Support: Qualcomm, Apple, Samsung, OPPO, vivo  
· Concern:
Cf. Notes in UE capability agreement in RAN1#98bis regarding “mandatory” and “optional”

Table 1 Capability on # PMI subbands for Rel.16 Type II CSI: alternatives
	Alternative
	Supporting companies 

	Alt1. Mandatory for all N3 
	Ericsson (1st preference), Fraunhofer/HHI (1st preference), CATT, Huawei/HiSi

	Alt2. Mandatory for N3<=19, optional for N3>19
	ZTE, Nokia/NSB, Intel, LGE, MotM (2nd preference), Huawei/HiSi

	Alt3. Mandatory for R=1, optional for R=2
	Qualcomm, Samsung, Apple, Intel, MotM (1st preference), Fraunhofer/HHI (2nd Preference), vivo, NTT Docomo, OPPO

	Alt 4. 
· For L=2: R=1,2 mandatory
· For L=4,6: R=1 mandatory, R=2 optional
	Ericsson (2nd preference)



Detailed comments from companies are captured below.
Table 2 Capability on # PMI subbands for Rel.16 Type II CSI: detailed comments from companies
	Company
	View

	ZTE
	We understand the UE complexity on supporting large number of N3 due to the hardware (e.g., buffering) limit. The issue here is what should be the threshold for current UE design.
· Since Rel-15 sub-band reporting has already required 19 sub-bands, supporting N3 <= 19 now should have no extra UE complexity compared with what we already have for Rel-15 commercial UEs. Further, for N3<=19, NW can still realize the performance gain from R=2 for sub-band size < 10. Hence to make N3<=19 mandatory will make the best utilization of current UE hardware resource limit. 
· For N3>19, we can depend on UE capability signaling to further realize the performance gain of R=2 for large bandwidth in future. 
Therefore, we think it makes more sense to support N3<=19 mandatory and N3>19 optional.

	Nokia/NSB
	From a network perspective of guaranteeing PMI accuracy and performance, it may be preferable to define a UE capability on  with respect to the CQI subband size, , rather than the number of PMI subbands, , by having  mandatory only for , for example.
But we understand the concern about UE complexity and mandating the support of  only for  is a reasonable compromise, as the difference between the two formulations for large BWP is only for  and , for which  is optional in the second formulation.

	Qualcomm
	In our view, the fundamental scope of Rel-16 MU CSI WID is to study and specify overhead reduction for Type II CSI, while the extension to high rank and R=2 are further enhancement, as the main motivation of these two features are performance enhancement under comparable overhead of low rank and R=1. Hence, from product perspective, to make sure Rel-16 Type II launch smoothly, it is good to keep basic features at the first phase of Rel-16, and then upgrade with more advanced features in the future. Otherwise, it is dangerous shipping products without enough testing for new features.

	Ericsson
	We like to point out that R=2 has both superior performance AND lower overhead compared to R=1, since for R=2 the layer-common intermediary FD-basis subset reduces the overhead for FD-basis indication compared to R=1. So, from NW perspective, there is no reason whatsoever to use R=1. Now, we understand that from UE complexity perspective, R=2 leads to 2x the amount of SVD/EVD calculations. But as pointed out by Weidong, the complexity of a PMI calculation with L=2 and R=2 is substantially lower than a PMI calculation with L=4 and R=1 (which is already supported as mandatory). Therefore, we think it is natural to at least support R=2 for L=2 as mandatory. This is captured in the newly added Alt 4.

	Samsung
	In our view, 
· UE implementations for R=1 and R=2 can be different, this is regardless of the number of CQI SBs. Therefore, we should not mandate UEs to have two different implementations for two R values. 
· R=2 has significantly large complexity than R=1, at least in most of the cases. 
· R=2 is expected to bring more gain only for large number CQI SBs and large BW sizes. For small number of SBs or/and small BW sizes, we are not sure R=2 has significant gain over R=1. So, for us, large number CQI SBs and large BW sizes are relevant for R=2 discussion.
In light of the above, echoing Qualcomm, we should keep only the “essential” components as mandatory, and “advanced” components (such as R=2, L=6, etc.) as optional.

	Apple
	We prefer ALT3 Mandatory for R=1, optional for R=2
R=2 requires the UE to compute 2 PMI within a single CQI subband.  Given the agreement in the last meeting, the edge CQI subband can have significantly different size of PMI subbands if R=2, this can cause additional testing case or complexity for CQI computation. Even without those complexity, R=2 should be an independent capability, 

	Intel
	Since the complexity of PMI search depends on R value, we prefer to have UE capability. Either Alt 2 or Alt 3 is fine.

	LGE
	Alt2 is preferred for UE capability on the number of PMI SBs, since it much enhances a system performance and channel accuracy through R=2. In our view, supporting N3>19 as an optional UE capability would like reasonable to alleviate the UE complexity issues.

	MotM
	R = 2 provides significant gain only with large CQI subband bandwidths and implicitly therefore large bandwidths. For many deployment scenarios therefore R =2 functionality is not needed. Therefore R=2 should be optional although R=2 support for only N3 > 19 is also acceptable to us.

	Fraunhofer/HHI
	R=2 provides significantly better performance than R=1. This comes at the cost of increased UE complexity. However, as stated by Weidong the complexity depends rather on L than R. However, for the sake of progress we support Alt3 as well.

	CATT
	CSI reporting with R=2 provides better performance than that with R=1. It is desirable for network and UE to be capable of harvesting such benefits. Our preference is Alt 1. To address the concern on UE complexity, we can support R = 2 as mandatory when maximum rank is 2, and R = 2 as optional when maximum rank is greater than 2.

	Huawei/HiSi
	From our perspective, we do acknowledge the performance benefit of R=2. Therefore we do support R=2 to be mandatory as much as possible. That is our motivation of supporting Alt 1. On the other hand, UE complexity of supporting R=2 will be translated into the value range of N3, for which, at least N3<=19 prefers to be supported from our perspective to balance UE complexity, flexibility of using R=2 for some BW, and performance gain. So Alt 2 is also acceptable to us if Alt 1 can’t. 

	NTT Docomo
	We understand that there are performance gains with R=2. However, with the increased UE complexity, we are not quite sure about how much gain we can expect with R=2 (under different scenarios). Hence, we prefer Alt 3 which mandates Rel. 16 Type II CSI for R=1

	vivo
	We agree with the comments from Qualcomm and Samsung above, we should be careful about if we really want Type-II CSI feedback being implemented. One can argue that there is performance gain of 1 or less than 1 percent, however we should keep in mind complexity which is heavily relevant to successful deployment.

	OPPO
	We share the similar view of QC and Samsung that R=1 is the fundamental part of Rel-16 Type-II codebook, which can be implemented for the first products. Meanwhile, R=2 is an advanced feature and leads to a large UE implementation, which can be implemented for some more advanced UEs. 



Based on the offline discussion, the following observation and offline agreements were made:
Observation: Alt3 represents the majority view, followed by Alt2 with the following conceptual difference:
· Alt2 proposes to make larger N3 values optional since it is directly correlated with UE complexity 
· Alt3 proposes to make R=2 (higher PMI granularity) optional since it is directly related to more advanced precoding yet partially correlated with UE complexity
Offline agreement: On UE capability related to the number PMI subbands, in RAN1#99, down select between these two alternatives:
· Alt2. Mandatory for N3<=19, optional for N3>19
· Alt3. Mandatory for R=1, optional for R=2

UE behavior for CBSR
During the email discussion on RRC parameters, it was agreed that there is no need for an additional RRC parameter to configure a UE for either “Alt0” or “Alt3A” (cf. [1]). Since it was also agreed that “Alt0” is mandatory while “Alt3A” is optional ([1]), the two middle values (out of four) in the amplitude restriction value set will not be used when the UE is not capable of “Alt3A”. This was perceived as the “Rel.15 procedure” for Rel.15 Type II CBSR. However, it was pointed out that a text describing this UE behavior is currently non-existent in TS38.214 for Rel.15 Type II CBSR. 
When the UE is not capable of “Alt3A” (soft amplitude restriction), the following issues are to be discussed:
1. Whether some additional text (CR) is needed for Rel.15 Type II CBSR and, if so, the text
· Note: Strictly speaking this does not fall into the “scope” of Rel.16 NR_eMIMO. It is discussed here since Rel.16 Type II CBSR will most likely reuse the same UE behavior (see #2 below).
2. How to clarify the UE behavior for Rel.16 Type II CBSR when the UE is not capable of “Alt3A” (soft amplitude restriction)
· This may or may not have to depend on #1 above

Detailed comments from companies are captured below.
Table 3 Type II UE behavior for CBSR: detailed comments from companies
	Company
	View

	ZTE
	Q1:
We think some additional text is needed to clarify how the Rel-15 UE behavior when soft restriction is not supported. That is, UE is not expected to be configured with amplitude restriction other than {0, 1}.
Q2:
A similar UE behavior can be defined for Rel-16 as well, e.g., UE is not expected to be configured with amplitude restriction other than {0, 1}.

	Nokia/NSB
	Q1:
Because a UE capability signalling has been defined already in R15 with parameter amplitudeSubsetRestriction, we think there is a need to clarify UE’s behaviour when this capability is not reported, by adding that if a UE does not report the parameter amplitudeSubsetRestriction=’supported’, it is not expected to be configured with amplitude restrictions other than {0,1}.
Q2:
In principle, we think this UE capability is not needed because if a gNB configures an amplitude restriction other than {0,1}, a UE without that capability can simply apply a stricter restriction of 0, in a spec-transparent way.
However, because this capability is already present in R15 and the spirit of CBSR in R16 is to adhere as much as possible to R15 procedure, we are fine with having the same text as for R15, i.e.: “A UE that does not report the parameter amplitudeSubsetRestriction=’supported’ is not expected to be configured with amplitude restrictions other than {0,1}”.

	Qualcomm
	Q1:
Having a description about UE capability in the spec would improve the completeness of 214 spec.
Q2:
In our view, as we agreed that Alt3A is optional, we think UE capability signaling is needed, and having a description in 214 spec is to avoid configuring amplitude restriction to a UE who actually does not support it because it would be an error case and the UE behavior is undefined. Without capability signaling, the gNB would not know whether the UE support amplitude restriction or not, then it is unclear how RAN4 would define the performance test. So, we think capability signaling is needed and description in 214 improves the completeness of the spec.

	Ericsson
	Q1:
· We concur with previous comments in that clarification the interpretation of the Rel-15 capability signaling is needed in RAN1 spec
Q2:
· Same view as Nokia

	Samsung
	Q1: same view as others that a text is needed for both R15 and R16 (text is already there in the draft R16 38.214 spec)
Q2: in our view, UE capability signaling is needed for proper (potentially simpler) gNB implementations for CBSR and clear UE behavior.

	Apple
	Q1: 
We prefer to have clarification in TS38.214. Capability IE is needed for UE to indicate whether it (1) Does not support CBSR (2) Supports CBSR and Alt0 (3) Supports CBSR and Alt3A. Then in 38.214, similar wording as proposed by ZTE can be used, i.e. For UE supports [CBSR and Alt0], UE is not expected to be configured with maximum amplitude coefficients other than {00, 11} in Table 5.2.2.2.3-6.
Q2:
Yes, the clarification is preferred. We believe that the latest 38.214 draft circulated in the reflector already captured it 

	Intel
	O1: 
CR with clarification of UE behavior is helpful.
O2:
Clarification is preferred.

	LGE
	Q1:
In our view, some additional description in TS38.214 is required to clarify the UE behavior for CBSR in R15 and R16, which is based on the R15 UE capability parameter.
Q2:
With additional clarification in TS38.214 above, UE capability signaling is required to address the case when UE is not capable of supporting soft amplitude restriction. Then, it makes the UE behavior clear for CBSR. 

	MotM
	Q1:
CR clarifying UE behavior needed
Q2:
UE capability signaling should be adopted to avoid issues in RAN4 performance specification. Similar text to that in the Rel-15 CR should be include to make UE behavior clear.

	Fraunhofer/HHI
	Q1:
CR is required.
Q2:
Clarification is preferred.   

	CATT
	Q 1:
CR with clarification of UE behavior is helpful.
Q2:
We think UE capability signaling is needed. If a UE is not capable of ‘Alt 3A’, the UE is not expected to be configured with amplitude restrictions other than {0,1}, where the value indicates the maximum allowed amplitude coefficients. 

	Huawei/HiSi
	For the CBSR, the description of UE behavior can be clarified for the UE that is not capable of soft amplitude/power restriction, e.g. when the UE is not capable of soft amplitude/power restriction, UE does not expect to be configured with amplitude/power restriction values other than 0 and 1.

	NTT Docomo
	Q1: 
We believe CR with clarification is required here
Q2:
For this issue, a clarification is preferred

	vivo
	We are fine with the clarification as mentioned by companies above.

	OPPO
	Q1:
Support clarification of UE behavior.
Q2:
    Similar clarification as Rel-15



Based on the offline discussion, the following observation and offline agreements were made:
Observation: On CBSR, there is consensus on:
· The need for additional text (CR) for Rel.15 Type II CBSR to clarify the UE behavior when the UE does not report amplitudeSubsetRestriction=’supported’
· Reusing the same UE behavior for Rel.16 Type II CBSR
Offline agreement: On CBSR:
· In RAN1#99, agree on the additional text (draft CR) for clarifying the UE behavior when the UE does not report amplitudeSubsetRestriction=’supported’
· Draft CR proposals to be submitted to Rel.15 MIMO maintenance AI
· The same UE behavior for dealing with Rel.15 Type II CBSR is applied to Rel.16 Type II CBSR when the UE does not support soft amplitude restriction (“Alt3A” in RAN1#98bis)
· Note: The agreement in RAN1#98bis implies that a UE capability on whether the UE supports soft amplitude restriction is introduced

UE capability for concurrent codebooks
In current UE capability signaling, FG 2-36/2-40/2-41/2-43 represents 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}. There is no capability for concurrent codebooks (e.g., Type I + Type II), and the gNB may schedule concurrent codebooks as long as each of them satisfy FG 2-36/2-40/2-41/2-43. To accommodate a worst case where multiple codebook types are being processed simultaneously, the UE may have to underreport its capability. (An example is described in Table 4)
To solve this underreporting issue, some alternatives are:
· Alt1: Report concurrent codebook capabilities, e.g., Rel-15 Type II + Type I, Rel-16 Type II + Type I;
· Alt2: The capability of concurrent codebooks should be within the capability of each codebook
· For concurrent codebook 1 scheduled with  and codebook 2 scheduled 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
· Alt3: A complementary UE capability is defined to indicate additional codebook combinations supported by the UE or to indicate those codebook combinations not supported by the UE.

Table 4 UE capability for concurrent codebooks: detailed comments from companies
	Company
	View

	Qualcomm
	We think the issue needs to be solved. An example is as follows. Considering 16-port per resource,
· For Type I alone, a 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 at a time.
Then, 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.
In Rel-16, the underreporting issue becomes more critical. 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.
Both alternatives are applied in additional to current 2-36/2-40/2-41/2-43. Both of them allow UE to signal 2-36/2-40/2-41/2-43 considering the actual capability of each codebook. For the capability of concurrent codebooks, Alt1 provides the capability explicitly, but it may result in additional RRC overhead. Alt2 has no extra capability signaling, and it applies a restriction on concurrent codebooks. 
So, both alternatives are acceptable to us.

	Ericsson
	From NW perspective, we would prefer to optimize the capability signaling so that we can squeeze out the most CSI calculations from the UE for the relevant deployment scenarios. I think that realistically, the only cases of mixed codebook configuration would be:
Rel-15 Type I + Rel-15 Type II
Rel-15 Type I + Rel-16 Type II
And in our understanding, typical NW implementation would always configure both Type I and Type II reporting and switch between triggering one or the other based on NW load and likelihood of MU-MIMO scheduling. So we are open to discuss further regarding the two proposed solutions.

	Samsung
	We are not sure about the likelihood of and need for NW configuring both Type I and Type II codebooks to a UE. The proponents need to provide a clear use case for this. Assuming there is a use case, how likely it is to provide gain in system performance perspective (when compared with the case when the UE underreports its capability). Our thinking is not much.  

	Apple
	We are open for further discussion. But we think it is a topic more suited for the feature list discussion which just gradually started. We prefer to have more time and discuss this topic during the feature list discussion, if it is ever needed.

	Intel
	In our view this is important issue and it needs to be solved in Rel. 16, especially considering that the complexity of Rel. 16 codebooks is higher comparing to Rel. 15. We discuss one of the potential solution in our tdoc R1-1910667.

	LGE
	In our view, it is acceptable to discuss further, while the topic is more suitable in the feature list discussion.

	MotM
	Our view is that support for two codebook configurations is desirable. Whether there are realistic deployments scenarios where concurrent Rel-15 Type I and Rel-16 Type II CSI reports are triggered isn’t clear to us at this point. Additional discussion in either forum is needed

	ZTE
	Our view is similar as Samsung’s. We are not sure how significant the issue is. The use case of configuring both Type I and Type II codebooks to a UE needs to be justified. Further, as Type II is mainly used for just one CSI-RS resource and large number of CSI-RS ports, a simpler implementation is to let hardware resource for processing Type II CSI fixed/pre-occupied, e.g., to reserve buffer of one resource with 32 ports for a CC. Hence the real benefit of jointly optimizing these two aspects is unclear to us. Last, we agree with many other companies that even if this issue is worthy to be discussed, the best venue to discuss it is the UE feature session.

	Fraunhofer/HHI
	It is not clear to us how likely concurrent codebook configurations are configured to a UE. Therefore, we prefer to have more discussion on this issue.   

	CATT
	The current Rel-15 UE capabilities could be used to indicate an underreported UE capability range. Those combinations, which are not included in the UE capability range but supported by the UE, could be reported using a new UE capability as a complementary. Or as an alternative, the current Rel-15 UE capabilities could be used to indicate an over-reported UE capability range. Those combinations, which are included in the UE capability range but not supported by the UE, could be reported using a new UE capability as a complementary. From our perspective, both of the two alternatives would achieve tradeoff between the reporting overhead and the adequate UE capability. 
This is captured in the newly added Alt3.

	Huawei/HiSi
	We think that this issue is important for UE implementation and needs to be addressed. Currently, we in general prefer to address this issue by inducing additional clarification over supported concurrent codebook, whereas related details can be discussed further in Rel-16 UE capability. 

	Nokia/NSB
	Similar view to Ericsson’s. One other aspect that may be worth discussing further is whether the NW can optimise the scheduled CSI calculations in case of mixed codebook configuration, by weighting the number of resources configured for Type I and Type II differently. For example, a concurrent codebook configuration may be valid if it is within some ‘weighted’ capability of the two codebooks. 

	vivo
	In our view, this discussion can be part of UE feature/capability discussion. To give our initial thoughts on potential combination, at least there is no motivation for concurrent Rel-15 Type II and Rel-16 Type II codebook being configured. The concurrent codebooks maybe more relevant to multiple CCs, thus some discussion on UE capability will be helpful to squeeze out the most CSI calculations from hardware capability. 

	OPPO
	As a first step, we need to achieve a consensus whether or not concurrent codebook is a typical case in real deployment. If the answer is YES, a new capability will be beneficial from the perspective of UE implementation and the scheduling/configuration flexibility of gNB. Detailed solution can be down-selected in Reno meeting.



Based on the offline discussion, the following observation and offline agreements were made.
Observation: On UE capability for concurrent codebook configuration:
· 8 companies (Qualcomm, Ericsson, Intel, CATT, Nokia/NSB, Huawei/HiSi) are open to discussing the issue in NR_eMIMO session with the three identified alternatives 
· 6 companies (Apple, LGE, MotM, Huawei/HiSi, vivo) are open to discussing the issue as a part of UE feature session
· 6 companies (Samsung, ZTE, Fraunhofer/HHI, vivo, OPPO) are not sure of the need for this UE capability
Offline agreement: On UE capability for concurrent codebook configuration, in RAN1#99, further discuss and identify alternatives (including not having such UE capability) for down selection in UE feature session
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