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1. Introduction
This contribution summarizes the UE feature related discussions and proposals in AI 7.1.6. 
2. Discussion on remaining issues on Rel-15 UE feature list
2.1	FG 2-62 [2]
In the RAN1 UE capability 2-62, definition of the maximum number of downlink RS resources is as follows [1]:
	#
	FG
	Components
	RAN decision

	2-62
	Max number of downlink RS resources used for QCL type-D in the active TCI states and active spatial relation info
	Max number of downlink RS resources in the active TCI states and active spatial relation info per CC
Note: Reference relationship follows 2-4/2-60
	Optional with capability signaling 
Candidate value set: {1,2,4,8,14}



In [2], Nokia made following proposals.
	CSI-RS for tracking uses the resources in sets of two and four, where the set of four is twice the set of two.
~
It is currently unclear if the 
· “two CSI-RS resources in a slot” counts as one or two against the FG2-62, and
· “four CSI-RS resources in two consecutive slots” counts as one, two or four against the FG2-62.
When taking the FG2-62 at its face value, a TRS would consume 2 or 4 RS resources from the UE’s indicated FG2-62 capability, depending on the TRS configuration. However, the TRS can also be understood as one RS structure, and a TRS could be understood to consume a single RS resource from the UE’s indicated FG2-62 capability, no matter what the actual TRS configuration. Having a minimum supported value of 1 in the UE capability signalling would support the latter interpretation.
Proposal 1: The correct interpretation of the FG2-62 relation to TRS is that a configured TRS counts as one against the UE’s reported FG2-62 capability
Proposal 2: Clarify the FG2-62 correspondingly, as well as parameter spatialRelations in 38.306. 



We think it should be clear and common understanding across companies. It should be no problem to clarify it at least in RAN1 UE feature list. The need for LS to RAN2 to ask an update of TS38.306 should be discussed.

Offline proposal:
Apply following change to “Components” of FG 2-62
Max number of downlink RS resources in the active TCI states and active spatial relation info per CC
Note: Reference relationship follows 2-4/2-60
Note: CSI-RS for tracking using 2 or 4 CSI-RS resources counts as one against the UE’s reported FG2-62 capability.

Offline proposal:
Send LS to RAN2 to clarify parameters spatialRelations, maxNumberDL-RS-QCL-TypeD, in 38.306 according to above agreement.


There is a related issue for FG 2-60 as pointed by Ericsson. 
	#
	FG
	Components
	RAN decision

	2-60
	Active spatial relations
	Maximum total number of {unique DL RS (except for aperiodic NZP CSI-RS) and SRS without spatial relation configured, and, TCI states available for DCI triggering of aperiodic NZP CSI-RS}, for indicating spatial domain transmit filter for PUCCH and SRS for PUSCH, per BWP per CC

	Mandatory with capability signaling

Candidate value set: {1, 2, 4, 8, 14}



	The problem lies in the interpretation “number of unique DL RS”. There are (at least) two interpretations of “unique”:
1. “Unique” could mean RS identity. With this interpretation, an SSB and a CSI-RS are always counted as different. Two CSI-RSs are different if they have different CSI-RS resource IDs.
2. “Unique” could mean “unique spatial signatures”.  Here an SSB and a CSI-RS could be counted as the same, if the CSI-RS has the SSB as QCL source wrt QCLTYpeD. Such an interpretation would support the notion of 2-60/2-62 as being related to UE Rx/Tx beam settings. 



We can discuss this issue and necessity on the clarification.


2.2	FG 6-9 [3]
In the RAN1 UE feature list in [1], currently FG 6-9 is defined as below:
	#
	FG
	Components
	Note

	6-9
	Different numerologies across NR carriers within the same NR PUCCH group
	1) For both NR CA UE and EN-DC UE, same numerology between DL and UL per carrier for data/control channel at a given time
2) For both NR CA UE and EN-DC UE with one NR PUCCH group, different numerologies across NR carriers within the same NR PUCCH groups up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time
3-1) For NR CA UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time
3-2) For EN-DC UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within an NR PUCCH group in FR1 wherein NR PUCCH is sent on the carrier with smaller SCS, and same numerology across NR carriers within another NR PUCCH group in FR2 for data/control channel at a given time
	Note: The terminologies ‘UL’ and ‘carrier’ in the components in this FG do not refer to ‘SUL’. The case with PUCCH on UL carrier with larger SCS than other UL carrier is not supported.




In [3], Huawei made following proposals.
	The following issues need to be resolved for UE feature 6-9:
· For NR CA and EN-DC, according to the current Rel-15 NR UEs feature design, it is not possible for a UE to indicate that the UE supports PUCCH transmission on the carrier of the larger SCS within the same NR PUCCH group. It is noted that the specification is already complete to support PUCCH transmission on the carrier of either the smaller or larger SCS, just that the current UE capability signaling design disallows it. 
Without the support of PUCCH transmission on the carrier of larger SCS within the same NR PUCCH group, the practical usage of LTE/NR DL sharing is limited, especially when aggregating with another NR carrier of different SCS. Therefore, we propose the following:
Proposal 1: For NR-CA and EN-DC, introduce Rel-15 UE capability for PUCCH transmission on the carrier of larger SCS within the same NR PUCCH group.
· For late drop NE-DC, there is no restriction on which NR carrier the PUCCH can be transmitted within the same NR PUCCH group. Thus, UE capability should be introduced to allow PUCCH transmission on the carrier of either smaller or larger SCS, within the same NR PUCCH group.
Proposal 2: For NE-DC, introduce Rel-15 UE capabilities for PUCCH transmission on the carrier of either smaller or larger SCS within the same NR PUCCH group.
· For late drop NR DC, similar to NE-DC, there is no restriction on which NR carrier the PUCCH can be transmitted within the same NR PUCCH group. The difference is that for NR-DC, there are two cell groups (i.e. MCG and SCG) and thus at least two NR PUCCH groups. It is noted that for Rel-15 late drop NR DC, only synchronous NR DC with MCG in FR1 and SCG in FR2 is supported. Thus, for Rel-15 late drop NR DC, it is sufficient to discuss the corresponding UE capability with respect to MCG, while assuming the SCG carriers in FR2 are of same numerology. 
Proposal 3: For NR DC, introduce Rel-15 UE capabilities for PUCCH transmission on the carrier of either smaller or larger SCS within the same NR PUCCH group in MCG.
Based on the above, the modifications to the Rel-15 UE features are show in Table 1.
Proposal 4: Update the components of UE features 6-9, and add new UE feature 6-9a for NR-NR DC, NE-DC, NR CA and EN-DC as in Table 1.



This proposal has been discussed, and formulations of FG6-9 and FG6-9a may be fine. The issue would be only on when we will introduce new FG6-9a, considering that Rel-15 ASN.1 except for late drop was already frozen. If we cannot reach consensus on the introduction of FG6-9a in Rel-15, we can only have proposed modifications to FG6-9 for Rel-15 late drop and postpone the introduction of FG6-9a to next release.
[bookmark: _GoBack]
Offline proposal:
Apply following changes to FG 6-9, and add new FG 
	#
	FG
	Components
	Note

	6-9
	Different numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of smaller SCS
	1) For both NR CA UE, and EN-DC/NE-DC UE and NR DC UEs, same numerology between DL and UL per carrier for data/control channel at a given time
2) For both NR CA UE and EN-DC/NE-DC UE with one NR PUCCH group, different numerologies across NR carriers within the same NR PUCCH groups up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time
3-1) For NR CA UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time
3-2) For EN-DC/NE-DC UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within an NR PUCCH group in FR1 wherein NR PUCCH is sent on the carrier with smaller SCS, and same numerology across NR carriers within another NR PUCCH group in FR2 for data/control channel at a given time
4) For NR DC UE, different numerologies across NR carriers within the same NR PUCCH group in MCG (in FR1) and up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel at a given time; and same numerology across NR carriers in SCG (in FR2).
	Note: The terminologies ‘UL’ and ‘carrier’ in the components in this FG do not refer to ‘SUL’. The case with PUCCH on UL carrier with larger SCS than other UL carrier is not supported.


	6-9a
	Different numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of larger SCS
	1) For both NR CA UE, EN-DC/NE-DC UE and NR DC UEs, same numerology between DL and UL per carrier for data/control channel at a given time
2) For both NR CA UE and EN-DC/NE-DC UE with one NR PUCCH group, different numerologies across NR carriers within the same NR PUCCH groups up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is on the carrier with larger SCS for data/control channel at a given time
3-1) For NR CA UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with larger SCS for data/control channel at a given time
3-2) For EN-DC/NE-DC UE with two NR PUCCH groups, different numerologies across NR carriers up to two different numerologies within an NR PUCCH group in FR1 wherein NR PUCCH is sent on the carrier with larger SCS, and same numerology across NR carriers within another NR PUCCH group in FR2 for data/control channel at a given time
4) For NR DC UE, different numerologies across NR carriers within the same NR PUCCH group in MCG (in FR1) and up to two different numerologies within the same NR PUCCH group wherein NR PUCCH is sent on the carrier with larger SCS for data/control channel at a given time; and same numerology across NR carriers in SCG (in FR2).
	Note: for component 2), 3-1), 3-2) and 4), if a UE indicates support of 6-17 and the SCS of an SUL of a serving cell comprising an SUL is not smaller than the SCSs of an UL of any other serving cells in the same NR PUCCH group, NR PUCCH for the UE can be sent on either the UL or the SUL of the serving cell comprising the SUL.




3. Discussion on UE features for Rel-15 late drop
At the last RAN1 meeting, following agreements were made, and according to the first agreement, new FG6-25 was introduced [1].
	Agreements:
For Rel-15 late drop, it is agreed to have capability support for synchronous NR-NR DC only wherein MCG is in FR1 and SCG is in FR2.

Agreements:
For Rel-15 late drop
· For the capability parameters and components that are presently not defined as ‘across all CC’, the same capability signaling structure can be reused for DC as for CA.
· For the capability parameters and components that are presently not defined as ‘across all CC’ and that are of per band combination, per band per band combination or per CC per band per band combination, the same band combinations need to be allowed to be listed separately for CA and DC with allowing different capability contents.

Agreements:
For the capability parameters and components that are presently defined as ‘across all CC’ and not defined with FR1/FR2 differentiation where different values are allowed
· These capability parameters should be defined as ‘across all CCs and across MCG and SCG’.
· If there is any mandatory minimum value defined for ‘across all CCs’, the same mandatory minimum should apply to ‘across all CCs and across MCG and SCG’.
· FFS: whether for some of these parameters per MCG and per SCG capabilities should be additionally introduced
· FFS: whether for some of these parameters to introduce a limitation on how capabilities can be distributed by configuration across MCG and SCG
· FFS: for capabilities with FR1/FR2 differentiation where different values are allowed



As in above yellow highlighted parts, there are some remaining issues on UE feature for Rel-15 late drop. In [4], NTT DOCOMO made following proposals.
	For per-UE capabilities without FR1/FR2 differentiation, RAN1 agreed that these capability parameters should be defined as ‘across all CCs and across MCG and SCG’. Nevertheless, there are some remaining issues. Some per-UE capabilities (e.g., like pdcch-BlindDetectionCA) may need to be separately reported for CA and for sync NR-NR DC in order to allow various implementations to realize sync NR-NR DC. In some implementation, UE is capable of a certain feature in both single CG operation and sync NR-NR DC operation, and UE is capable of it in both MCG and SCG. But in other implementation, even if UE is capable of a certain feature in single CG operation and in MCG in sync NR-NR DC operation, UE may not be capable of or may be less capable of it in SCG.
If time allows, it is good to discuss the necessity on separate reporting of per-UE capability between for single CG/MCG and for SCG, for each feature group considering expected implementation variations. However, since ASN.1 freeze schedule for Rel-15 late drop is approaching, one possible way is to allow the separate reporting for all per-UE capabilities. But it would cause a lot of RAN2 work and an unnecessary increase of capability signalling size. So RAN1 should carefully discuss on the necessity on separate reporting of per-UE capability between for single CG/MCG and for SCG case by case.
Proposal 1: Only when the clear necessity on additional per MCG and per SCG capabilities is identified for a particular FG/parameter, those additional per MCG and per SCG capabilities are introduced.

If no additional per MCG and per SCG capabilities is identified as necessary for Rel-15 late drop, some remaining details on how to interpret existing capabilities for sync NR-NR DC should be clarified. For the capability parameters and components that are presently defined as ‘across all CC’ and not defined with FR1/FR2 differentiation where different values are allowed (i.e., per-UE capabilities without FR1/FR2 differentiation or with FR1/FR2 differentiation where different values are not allowed), unless per CG limitation is additionally defined, there should be no limitation on how capabilities can be distributed, i.e., UE shall be capable of every possible distribution.
For per-UE capabilities with FR1/FR2 differentiation, since Rel-15 late drop targets FR1 NR-FR2 NR DC only, no additional capability signalling would be necessary, and the capabilities reported for FR1 and for FR2 are applied to MCG and to SCG, respectively.
Proposal 2: Unless per CG limitation is additionally defined, there should be no limitation on how capabilities can be distributed, i.e., UE shall be capable of every possible distribution.
Proposal 3: For per-UE capabilities with FR1/FR2 differentiation, in case of sync NR-NR DC, capabilities reported for FR1 and for FR2 are applied to MCG and to SCG, respectively.



Since this is the last WG meeting for ASN.1 freeze of Rel-15 late drop, we should resolve all FFS issues on UE features for Rel-15 late drop. We should discuss them based on above proposals.

Offline proposal:
· For the capability parameters and components that are presently defined as ‘across all CC’ and not defined with FR1/FR2 differentiation where different values are allowed
· There should be no limitation on how capabilities can be distributed, i.e., UE shall be capable of every possible distribution.
· For per-UE capabilities with FR1/FR2 differentiation where different values are allowed, in case of sync NR-NR DC, capabilities reported for FR1 and for FR2 are applied to MCG and to SCG, respectively.


4. Discussion on reply LS on UL sharing applicability in different scenarios
At the last RAN1 meeting, draft reply LSs on UL sharing applicability in different scenarios were discussed, but RAN1 could not reach a consensus.
In this meeting, Nokia provides their updated draft reply LS in [5].
	1.	Is the shared E-UTRA-NR FDD carrier supported in RAN1, i.e. the case where both FDD DL carrier and FDD UL carrier are shared from UE perspective by E-UTRA and NR?
[Draft answer] RAN1 supports spectrum sharing between E-UTRA and NR downlink carriers. According to the RAN decisions (see Annex), RAN1 was not tasked to consider DL sharing from the UE perspective, and UL sharing from the UE perspective was transparent to the RAN1 specifications. Thus RAN1 did not discuss the required UE capabilities for DL sharing from the UE perspective during the Rel-15 work, and during RAN1#96bis discussions there was no consensus on whether or not the DL sharing design defined in RAN1 is transparent to whether or not the sharing is from the UE perspective.

2.	Does the UL sharing from UE perspective (as indicated by the UL sharing capability) need to be supported together with any DL sharing capabilities that are required the shared E-UTRA-NR FDD carrier case? 
[Draft answer] The following example deployment scenarios support UL sharing from the UE perspective, without DL sharing from the UE perspective. From the RAN1 perspective, both these scenarios are supported. 
[image: ]
Correspondingly, if DL sharing from the UE perspective was supported, and if the UE was not configured with the corresponding UL carrier on at least one of the two RATs (DL SCell without corresponding UL) or flexible duplex separation was used, no UL sharing from the UE perspective would be needed.
This would depend on the desired network deployment and whether or not the DL sharing from the UE perspective was supported by the 3GPP specifications and capabilities.

4.	Which of the rate matching mechanisms defined in RAN1 specifications were designed to be used to accomplish the DL sharing between E-UTRA FDD and NR FDD carriers? 
[Draft answer] The CRS rate matching (rateMatchingLTE-CRS) was created solely for the purpose of E-UTRA – NR DL sharing. Bitmap based rate matching (rateMatchingResrcSetDynamic and rateMatchingResrcSetSemi-Static) were also motivated by E-UTRA – NR DL sharing, but is also used for forward compatibility as well as NR CORESET rate matching purposes. In addition an optional capability (additionalDMRS-DL-Alt) was introduced for DL sharing purposes, this capability introduces an alternate position for the additional DL DMRS symbol in order to avoid collision with LTE CRS.



Offline proposal:
Send LS response to RAN2 based on further discussion on R1-1907073.
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