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This contribution summarizes the following email discussion.

[103-e-NR-UEFeature-TEI-01] Email discussion/approval on UE features for NR TEIs (26th Oct – 29th Oct) – Hiroki (DCM)
· Clarify interpretation of FGs in case of cross-carrier operation e.g., for FG14-7
· How to reply to RAN2 LS on beamSwitchTiming




- 1/14 -
1. 
Interpretation of UE capabilities in case of cross-carrier operation
	14. NR TEI
	14-7
	New capability for beamSwitchTiming values of 224 and 336
	1. Indicates the minimum number of required OFDM symbols {224, 336} between the DCI triggering aperiodic CSI-RS and the corresponding aperiodic CSI-RS transmission in a CSI-RS resource set configured with repetition ‘ON’
· Candidate values: {224, 336}

	2-28
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Agreements:
・48 is used as the beam switching threshold for Ues reporting 224 or 336
ØWhen using the higher values of the feature (sym224 and sym336), beamSwitchTiming indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission in a CSI-RS resource configured with repetition ‘ON’ to apply TCI indication in CSI-RS triggering DCI.
	Optional with capability signaling



Following proposal is made in a contribution.
	[2]
	As shown in the introduction section, RAN1 agreed that Interpretation#1 is adopted for beamSwitchTiming in Rel-15. The same interpretation (Interpretation#1) for 14-7 can be adopted. Note that FG14-7 is only for FR2, Interpretation#3 would preclude the case of DCI in FR1 triggering CSI-RS in FR2.

Proposal 3 (TEI): 
· Regarding the interpretation of UE capabilities in case of cross-carrier operation, RAN1 clarifies that support of the following UE capability is based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
· FG14-7


	14. NR TEI
	14-7
	New capability for beamSwitchTiming values of 224 and 336
	1. Indicates the minimum number of required OFDM symbols {224, 336} between the DCI triggering aperiodic CSI-RS and the corresponding aperiodic CSI-RS transmission in a CSI-RS resource set configured with repetition ‘ON’
· Candidate values: {224, 336}







There was a following comment in preparation phase email discussion.
	Apple
	· Clarify interpretation of FGs in case of cross-carrier operation e.g., for FG14-7
· We are fine to clarfy as the scheduled/triggered/indicated cell





Based on the above contributions, it is agreed to discuss following point in the email discussion.
Discussion point #1
· Clarify interpretation of FGs in case of cross-carrier operation e.g., for FG14-7


2.1	Proposal and discussion
Based on the contribution, following proposal can be a starting point for the discussion.
FL proposal 1:
· Regarding the interpretation of UE capabilities in case of cross-carrier operation, RAN1 clarifies that support of the following UE capability is based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
· FG14-7


Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposal: 
	Company
	Comment

	Apple
	Supportive of FL proposal
Furthermore, in the last meeting (RAN1#102), the Rel-15 related UE capability FG2-28, i.e., beamSwitchTiming, is clafiried to be scheduled/triggered/indicated cell only. 

	Samsung
	Okay

	Intel
	OK

	Ericsson
	Support the FL proposal

	Huawei, HiSilcon
	Ok with the FL proposal 

	CATT
	OK with the FL proposal. 



Based on the above discussion, following agreement was made.
[bookmark: _Hlk54872796]Agreements:
· Regarding the interpretation of UE capabilities in case of cross-carrier operation, RAN1 clarifies that support of the following UE capability is based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
· FG14-7
	14. NR TEI
	14-7
	New capability for beamSwitchTiming values of 224 and 336
	1. Indicates the minimum number of required OFDM symbols {224, 336} between the DCI triggering aperiodic CSI-RS and the corresponding aperiodic CSI-RS transmission in a CSI-RS resource set configured with repetition ‘ON’
· Candidate values: {224, 336}

	2-28
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Agreements:
・48 is used as the beam switching threshold for Ues reporting 224 or 336
ØWhen using the higher values of the feature (sym224 and sym336), beamSwitchTiming indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission in a CSI-RS resource configured with repetition ‘ON’ to apply TCI indication in CSI-RS triggering DCI.

The support of this FG is based on the support of this FG for the band of the scheduled/triggered/indicated cell only.
	Optional with capability signaling





LS reply on beamSwitchTiming [3]
	14. NR TEI
	14-7
	New capability for beamSwitchTiming values of 224 and 336
	1. Indicates the minimum number of required OFDM symbols {224, 336} between the DCI triggering aperiodic CSI-RS and the corresponding aperiodic CSI-RS transmission in a CSI-RS resource set configured with repetition ‘ON’
· Candidate values: {224, 336}

	2-28
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Agreements:
・48 is used as the beam switching threshold for Ues reporting 224 or 336
ØWhen using the higher values of the feature (sym224 and sym336), beamSwitchTiming indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission in a CSI-RS resource configured with repetition ‘ON’ to apply TCI indication in CSI-RS triggering DCI.
	Optional with capability signaling



In [3], following requests from RAN2 are provided.
	1. For Rel-15 UEs, 
· if the UE indicates a value from the set {14, 28, 48} in Rel-15 capability signaling, the reported value is used for all cases, including CSI-RS with repetition is configured and set to “ON” or “OFF”. 
· if the UE indicates a value from the set {224, 336} in Rel-15 capability signaling, there is no specified beahviour for value of 224 and 336. 
· If the Rel-15 capability signaling (beamSwitchTiming) is not included, the beam switch timing is up to 48 OFDM symbols for each supported sub-carrier spacing.
2. For Rel-16 UEs, the UE signals beamSwitchTiming and beamSwitchTiming-r16. The first one, i.e., the Rel-15 capability signaling from the set {14, 28, 48}, is always signaled (if this capability needs to be reported). The second one, i.e., the newly introduced Rel-16 capability signaling from the set {224, 336}, is optional. 
· If the UE doesn’t include the Rel-16 capability, it behaves in all respects as the Rel-15 UEs above.
· If the UE does include the Rel-16 capability, then, the UE may or may not receive configured parameter enableBeamSwitchTiming-r16 in the RRC configuration:
· If the UE doesn’t receive parameter enableBeamSwitchTiming-r16, it behaves in all respect as the Rel-15 UE above. 
· If the UE receives parameter enableBeamSwitchTiming-r16, then, the UE does the following: 
· Question A: For CSI-RS configured with repetition and set to “ON”, whether the UE indicates switch time that is the same as the signalled value from the set {224, 336} in Rel-16 capability signaling or the default value of 48?
· Question B: For CSI-RS configured with repetition and set to “OFF” (a.k.a. regular CSI-RS), whether the UE indicates switch time of 48 (even if it signaled < 48 in the Rel-15 capability), or the signalled value in Rel-15 capability signaling?
· Question C: For CSI-RS configured without repetition, whether the UE indicates switch time of 48 (even if it signaled < 48 in the Rel-15 capability), or the signalled value in Rel-15 capability signaling? 
To RAN WG1
RAN2 kindly requests RAN1 to:
1. Confirm whether the above RAN2 understanding is correct or not.
2. Provide response to the above Questions. 




Following proposals are made in contributions (from AI 5).
	[4]
	Firstly, from RAN1 perspective, the following RAN2 understanding about beamSwitchingTiming is correct.
[RAN1]: From RAN1 perspective, if the UE signals beamSwitchTiming-r16 and receives parameter enableBeamSwitchTiming-r16
· Regarding Question A: For CSI-RS configured with repetition and set to “ON”, the UE applies switch time that is the same as the signalled value from the set {224, 336} in Rel-16 capability signalling. 
· Regarding Question B: For CSI-RS configured with the repetition and set to “OFF”, the UE applies a value of 48 as beam switch time regardless of signalled value in the Rel-16 capability signalling and signalled value in Rel-15 capability signal (i.e., even if it signalled < 48 in the Rel-15 capability).
· Regarding Question C: For CSI-RS configured without repetition and without trs-info (e.g., CSI-RS for CSI), the UE applies a value of 48 as beam switch time regardless of signalled value in the Rel-16 capability signalling and signalled value in Rel-15 capability signal (i.e., even if it signalled < 48 in the Rel-15 capability). For CSI-RS configured without repetition and with trs-info (i.e., CSI-RS for tracking), the UE applies switch time of the signalled value in Rel-15 capability signalling, when the signalled value is one of the set {14, 28, 48}.


	[5]
	For a UE reporting both the Rel.15 capability (beamSwitchTiming) and Rel.16 capability (beamSwitchTiming-r16), if the UE receives parameter enableBeamSwitchTiming-r16, 
· Answer A: For CSI-RS configuration with repetition and set to “ON”, the UE assumes switch time is equal to 48 symbols, per RAN1 agreement.

· Answer B:  For CSI-RS configured with repetition and set to “OFF” (a.k.a. regular CSI-RS), no agreement has been reached in RAN1 on new beam switch behaviour in Rel.16, and in our understanding the new UE capability does not apply to this case. UE behaviour remains the same as Rel.15, e.g. UE assumes switch time of the reported capability beamSwitchTiming when the reported value is {14, 28, 48}, and otherwise undefined. 

· Answer C: For CSI-RS without repetition, no agreement has been reached in RAN1 on new beam switch behaviour in Rel.16, and in our understanding the new UE capability does not apply to this case. UE behaviour remains the same as Rel.15, e.g. UE assumes switch time of the reported capability beamSwitchTiming when the reported value is {14, 28, 48}, and otherwise undefined. 


	[6]
	Answer to Question A: RAN1 understands that the switch time is indicated from a gNB, not a UE. gNB configures offset between triggering DCI and triggered AP-CSI-RS considering the UE capability parameters beamSwitchTiming and beamSwitchTiming-r16. The intention of the parameter beamSwitchTiming-r16 is to inform gNB that a UE needs large switch time, {224, 336}, on CSI-RS for Rx beam sweeping (CSI-RS configured with repetition=ON), while the intention of beamSwitchTiming is to inform gNB on the switch time on CSI-RS for other purposes. 
gNB can schedule AP-CSI-RS for any purpose (except TRS) with either i) larger/equal or ii) smaller triggering offset than the UE capability explained above, and the corresponding UE behaviour on each case is specified in RAN1 as follows. 
For the case when RRC parameter enableBeamSwitchTiming-r16 is configured,
· If the triggering offset is equal to or greater than 48, UE receives the AP-CSI-RS with the TCI state indicated by DCI.
· If the triggering offset is smaller than 48, UE receives the AP-CSI-RS with a default TCI state.

Answer to Question B: Please refer to the answer for Question A.

Answer to Question C: Please refer to the answer for Question A.


	[7]
	Proposed reply: The understanding from RAN2 is correct. For Question A/B/C, when the UE receives parameter enableBeamSwitchTiming-r16, RAN1 has the following understanding:
Question A: For CSI-RS configured with repetition and set to “ON”, whether the UE indicates switch time that is the same as the signalled value from the set {224, 336} in Rel-16 capability signaling or the default value of 48?
· Answer: For CSI-RS configured with repetition and set to “ON”, UE can report a value from the set  {224, 336} in beamSwitchTiming-r16, but 48 is used as the beam switching threshold for UEs reporting 224 or 336 in beamSwitchTiming-r16. 
Question B: For CSI-RS configured with repetition and set to “OFF” (a.k.a. regular CSI-RS), whether the UE indicates switch time of 48 (even if it signaled < 48 in the Rel-15 capability), or the signalled value in Rel-15 capability signaling?
· Answer: For CSI-RS configured with repetition and set to “OFF” (a.k.a. regular CSI-RS), the UE applies the signalled value in Rel-15 capability signaling as the beam switching threshold.
Question C: For CSI-RS configured without repetition, whether the UE indicates switch time of 48 (even if it signaled < 48 in the Rel-15 capability), or the signalled value in Rel-15 capability signaling? 
· Answer: For CSI-RS configured without repetition and without trs-info, the UE applies the signalled value in Rel-15 capability signaling as the beam switching threshold.


	[8]
	A1: RAN1 confirms the above understanding.
A2: RAN1 has the following understanding
· Both beamSwitchTiming and beamSwitchTiming-r16 are optional to report
· If the UE doesn’t include the beamSwitchTiming-r16, its behaviour is same as Rel-15
· If the UE does include the Rel-16 capability, UE may or may not receive enableBeamSwitchTiming-r16
· [bookmark: _Hlk53568713]If the UE does include the Rel-16 capability but doesn’t receive enableBeamSwitchTiming-r16, its behaviour is same as Rel-15
· If the UE receives enableBeamSwitchTiming-r16
· For CSI-RS configured with repetition “ON”, the UE indicates switch time that is the same as the signalled value from the set {224, 336}
· For CSI-RS configured with repetition “OFF”, the UE indicates switch time of 48 if beamSwitchTiming-r16 is reported
· For CSI-RS configured without repetition, the UE indicates switch time of 48 if beamSwitchTiming-r16 is reported


	[9]
	from RAN1’s understanding, descriptions of the first, second and third bullets are correct. 
It is correct understanding that Rel-16 capability signaling from the set {224, 336} is optional, and Rel-15 capability signaling from the set {14, 28, 48} is always signaled (if this capability needs to be reported). It is also correct that the UE behaves as Rel-15 UE in all respects if the UE doesn’t include Rel-16 capability or doesn’t receive parameter enableBeamSwitchTiming-r16. Below please find RAN1’s Answers to Questions A, B and C.

Answer A: for CSI-RS configured with repetition and set to “ON”, when the Rel-16 UE capability signaling indicates one of the values {224, 336}, the beam switch time is 48.
Answer B: for CSI-RS configured with repetition and set to “OFF”, the beam switch time is equal to the signaled value in Rel-15 capability signaling, if reported. 
Answer C: for CSI-RS configured without repetition, the beam switch time is equal to the signaled value in Rel-15 capability signaling, if reported.


	[10]
	Understanding 1: For Rel-15 UEs, if the UE indicates a value from the set {14, 28, 48} in Rel-15 capability signaling, the reported value is used for all cases, including CSI-RS with repetition is configured and set to “ON” or “OFF”. 
Response 1: This is not correct. The UE behavior for CSI-RS configured with repetition (set as ‘ON’ or ‘OFF’) was unspecified in RAN1 in R15. This is one of the reasons that the Rel-16 TEI was agreed, i.e., to include CSI-RS with repetition, by changing ‘without higher layer parameter trs-Info and without the higher layer parameter repetition’ as ‘without higher layer parameter trs-Info’. 

Understanding 2: For Rel-15 UEs, if the UE indicates a value from the set {224, 336} in Rel-15 capability signaling, there is no specified behaviour for value of 224 and 336. 
Response 2: This is not correct. In R15, when UE reports {224, 336}, it will be used to determine UE expectation/behavior for aperiodic CSI-RS for tracking and latency requirements for L1-RSRP reporting, according the specs highlighted below. 

Understanding 3: If the Rel-15 capability signaling (beamSwitchTiming) is not included, the beam switch timing is up to 48 OFDM symbols for each supported sub-carrier spacing.
Response 3: In R15, RAN1 did not agree on using 48 as default value for beamSwitchTiming. Instead, in R15, RAN1 listed ‘No recommendation on the desired beam switching timing’ as ‘Consequences if the feature is not supported by the UE’ in UE feature list R1-1907862. It would be clearer if the UE reports this UE capability. 

Answers to questions
The following assume enableBeamSwitchTiming-r16 is provided to the UE. 
Question A: For CSI-RS configured with repetition and set to “ON”, whether the UE indicates switch time that is the same as the signalled value from the set {224, 336} in Rel-16 capability signaling or the default value of 48?
Answer A: RAN1 did not define default value for beamSwitchTiming-r16, as listed in the LS sent from RAN1 to RAN2 in R1-2007326. The LS sent from RAN1 to RAN2 in R1-1909895 indicated the required beam switching time is the signalled value from the set of {224, 336} for CSI-RS configured with repetition set to ‘ON’.

Question B: For CSI-RS configured with repetition and set to “OFF” (a.k.a. regular CSI-RS), whether the UE indicates switch time of 48 (even if it signaled < 48 in the Rel-15 capability), or the signalled value in Rel-15 capability signaling?
Answer B: For CSI-RS configured with repetition set to ‘OFF’, the required beam switching time is 48 symbols.

Question C: For CSI-RS configured without repetition, whether the UE indicates switch time of 48 (even if it signaled < 48 in the Rel-15 capability), or the signalled value in Rel-15 capability signaling? 
Answer C: RAN1 assume this question is for Rel-16 UE. CSI-RS without repetition can be CSI-RS for CSI (without repetition and without trs-Info) and CSI-RS for tracking (without repetition and with trs-Info). For CSI-RS for tracking, the indicated value for beamSwitchTiming applies (if belongs to the set of {14, 28, 48} according to the Rel-16 spec quoted below). For CSI-RS for CSI, it is handled the same way as CSI-RS for BM (with repetition, set to ‘OFF’), where the required beam switching time is 48 symbols. 




There was a following comment in preparation phase email discussion.
	Apple
	· How to reply to RAN2 LS on beamSwitchTiming
· RAN2 intepretation is current
· Answer to the questions 
Question A: For CSI-RS configured with repetition and set to “ON”, whether the UE indicates switch time that is the same as the signalled value from the set {224, 336} in Rel-16 capability signaling or the default value of 48?
Answer: the signalled value from the set {224, 336}
Question B: For CSI-RS configured with repetition and set to “OFF” (a.k.a. regular CSI-RS), whether the UE indicates switch time of 48 (even if it signaled < 48 in the Rel-15 capability), or the signalled value in Rel-15 capability signaling?
Answer: 48
Question C: For CSI-RS configured without repetition, whether the UE indicates switch time of 48 (even if it signaled < 48 in the Rel-15 capability), or the signalled value in Rel-15 capability signaling? 
Answer: 48




Based on the above contributions, it is agreed to discuss following point in the email discussion.
Discussion point #2
· How to reply to RAN2 LS on beamSwitchTiming


3.1	Proposal and discussion
Based on contributions, following is the summary of companies’ views.
· On RAN2 understanding
· Correct: ZTE, OPPO, QCM, vivo, Apple
· Not correct: HW, HiSi
· On the answer to Question A (CSI-RS with repetition “ON”)
· the signalled value from the set {224, 336}: ZTE, Samsung, QCM, HW, HiSi, Apple
· the default value of 48: CATT, OPPO, vivo
· On the answer to Question B (CSI-RS with repetition “OFF”)
· 48: ZTE, QCM, HW, HiSi, Apple, Samsung
· The signalled value in Rel-15 capability signaling: CATT, Samsung, OPPO, vivo
· On the answer to Question C (CSI-RS without repetition)
· 48: ZTE(for CSI), QCM, HW, HiSi, Apple, Samsung
· The signalled value in Rel-15 capability signaling: CATT, Samsung, OPPO, vivo, ZTE(for TRS)


FL proposal 2:
· Send LS reply to RAN2 with following contents
· RAN2 understanding on Rel-15 UE behavior is correct
· Regarding Rel-16 UE behavior
· Both beamSwitchTiming and beamSwitchTiming-r16 are optional to report
· If the UE doesn’t include the beamSwitchTiming-r16, its behaviour is same as Rel-15
· If the UE does include the Rel-16 capability, UE may or may not receive enableBeamSwitchTiming-r16
· If the UE does include the Rel-16 capability but doesn’t receive enableBeamSwitchTiming-r16, its behaviour is same as Rel-15
· If the UE receives enableBeamSwitchTiming-r16
· For CSI-RS configured with repetition “ON”, the UE applies switch time that is the same as the signalled value from the set {224, 336}
· For CSI-RS configured with repetition “OFF”, the UE applies switch time of 48 if beamSwitchTiming-r16 is reported
· For CSI-RS configured without repetition, the UE applies switch time of 48 if beamSwitchTiming-r16 is reported


Companies are encouraged to check above FL proposal and to provide feedback if any in below. If you cannot accept the FL proposals, please put your company name after “Cannot accept the proposals” below and please provide your alternative proposal (in your comment) which could be acceptable to all in your consideration.
	Cannot accept the proposal: 
	Company
	Comment

	vivo
	First of all, the agreement made in RAN1#98 is pertinent to CSI-RS resource configured with repetition ‘ON’ only, which is captured in 38.306 accordingly. The agreement is not relevant to “CSI-RS configured with repetition “OFF” and “CSI-RS configured without repetition”. This was a compromise after week long debate in Prague. Thus, the capability beamSwitchTiming-r16 is valid for CSI-RS resource configured with repetition ‘ON’ only, current proposal is expanding the original agreement. And, the restriction on threshold
· 48 is used as the beam switching threshold for UEs reporting 224 or 336
clearly states that 48 is used for UE reporting 224 or 336, where the sub-bullet
· When using the higher values of the feature (sym224 and sym336), beamSwitchTiming indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission in a CSI-RS resource configured with repetition ‘ON’ to apply TCI indication in CSI-RS triggering DCI.
further restricts the applicability of the capability to “CSI-RS resource configured with repetition “ON”.

Hence, we don’t agree with the answers in last three bullets.

	Apple
	Support FL proposal 
The answer to RAN1 questions and the last 3 sub-bullets is not our preferred solutions. However, after lengthy discussion and many trials from our side, it is very unfortunate:
when UE reports beamSwitchTiming-r16 and enableBeamSwitchTiming-r16 is configured, the Rel-15 beamSwitchTiming is not effective anymore.

	Samsung
	Fine in principle. 
Besides, on the last 3 bullets, the wording from RAN2 ‘UE indicates switch time’ is not appropriate since the switch time would be signalled from gNB, not UE. So, we suggest the following modification:
· If the UE receives enableBeamSwitchTiming-r16
· For CSI-RS configured with repetition “ON”, the UE indicates applies switch time that is the same as the signalled value from the set {224, 336}
· For CSI-RS configured with repetition “OFF”, the UE indicates applies switch time of 48 if beamSwitchTiming-r16 is reported
· For CSI-RS configured without repetition, the UE indicates applies switch time of 48 if beamSwitchTiming-r16 is reported

	Intel
	Agree with FL o the answers to LS reply. 

	Ericsson
	Regarding the Rel-15 UE behaviour, we agree with the FL proposal.
Regarding the Rel-16 UE behaviour, 38.214 subsection 5.2.1.5.1 does not distinguish between CSI-RS resource sets with repetition ‘ON’, repetition ‘OFF’ or configured without repetition in this aspect. Hence, the UE applies the default beam (QCL assumption) if the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info is smaller than 48 symbols for CSI-RS resource sets with repetition ‘ON’, repetition ‘OFF’ or configured without repetition.
Note that beamSwitchTiming-r16 can have only the values {224,336}. The text in 38.214 is misleading. We suggest fixing that as part of the alignment with 38.331.

	Huawei, HiSilicon 
	We don’t agree with FL proposal 2, as some of the answers are misaligned with the current RAN1 specifications. 
As mentioned in R1-2008791:
1. The UE behavior for CSI-RS configured with repetition (set as ‘ON’ or ‘OFF’) was unspecified in RAN1 in R15. This is one of the reasons that the Rel-16 TEI was agreed, i.e., to include CSI-RS with repetition, by changing ‘without higher layer parameter trs-Info and without the higher layer parameter repetition’ as ‘without higher layer parameter trs-Info’.
2. In R15, when UE reports {224, 336}, it will be used to determine UE expectation/behavior for aperiodic CSI-RS for tracking and latency requirements for L1-RSRP reporting. 
3. In R15, RAN1 did not agree on using 48 as default value for beamSwitchTiming. Instead, in R15, RAN1 listed ‘No recommendation on the desired beam switching timing’ as ‘Consequences if the feature is not supported by the UE’ in UE feature list R1-1907862. 
With the above observations, RAN1 should notify RAN2 that their understanding are incorrect, i.e., first sub-bullet in FL proposal 2 should be revised. 
In addition, our views for the case where CSI-RS is configured without repetition has not been captured correctly. CSI-RS without repetition can be CSI-RS for CSI (without repetition and without trs-Info) and CSI-RS for tracking (without repetition and with trs-Info). For CSI-RS for tracking, the indicated value for beamSwitchTiming applies (if belongs to the set of {14, 28, 48} according to the Rel-16 spec). With this observation, the last sub-bullet of FL proposal 2 should be revised. 

	Moderator
	Thank you very much for the inputs and good discussion in Monday GTW session.
Followings are two alternatives for Rel-16 behavior discussed at the GTW session.
Alt.1
· Regarding Rel-16 UE behavior
· Both beamSwitchTiming and beamSwitchTiming-r16 are optional to report
· If the UE doesn’t include the beamSwitchTiming-r16, its behaviour is same as Rel-15
· If the UE does include the Rel-16 capability, UE may or may not receive enableBeamSwitchTiming-r16
· If the UE does include the Rel-16 capability but doesn’t receive enableBeamSwitchTiming-r16, its behaviour is same as Rel-15
· If the UE receives enableBeamSwitchTiming-r16
· For CSI-RS configured with repetition “ON”, the UE applies switch time that is the same as the signalled value from the set {224, 336}
· For CSI-RS configured with repetition “OFF”, the UE applies switch time of 48 if beamSwitchTiming-r16 is reported
· For CSI-RS configured without repetition, the UE applies switch time of 48 if beamSwitchTiming-r16 is reported
[bookmark: _Hlk54651096]Alt.2
· Regarding Rel-16 UE behavior
· Both beamSwitchTiming and beamSwitchTiming-r16 are optional to report
· If the UE doesn’t include the beamSwitchTiming-r16, the UE follows Rel-15 specification
· If the UE does include the Rel-16 capability, UE may or may not receive enableBeamSwitchTiming-r16
· If the UE does include the Rel-16 capability but doesn’t receive enableBeamSwitchTiming-r16, the UE follows Rel-15 specification
· If the UE receives enableBeamSwitchTiming-r16
· For CSI-RS configured with repetition “ON”, the UE applies switch time of 48 if beamSwitchTiming-r16 is reported
· For CSI-RS configured with repetition “OFF”, the UE follows Rel-15 specification
· For CSI-RS configured without repetition, the UE follows Rel-15 specification

As I asked, please check the all agreements we made and the latest specification texts so that companies can reach common understanding on the current situation (which may or may not be different from original intention of TEI proposal).
Also as I asked during the session, Rakesh (vivo) will kindly handle the draft reply LS to RAN2. Please be cooperative and constructive as always to reach consensus on sending LS by the target deadline (end of this week).

	LG
	Regarding RAN2 understanding, we sympathize Huawei’s view that {224,336} are supported in Rel-15 although their practical usage is doubtful. That was one reason we defined min(44,X2+ KB1) and min(97, X3+ KB2) for Z3 for CSI computation time. It is also true that RAN1 did not agree on the default value of 48 when BST is not reported, but it might be decided by RAN2 later.
Regarding Rel-16 behavior, to our understanding, UE can report {224,336} as its capability considering panel-activation and switching delay. If gNB transmits AP CSI-RS after {224,336} symbols, UE can receive AP CSI-RS with the new Rx panel with indicated Tx beam information, i.e. QCL-D in TCI, by DCI. If gNB transmits AP CSI-RS after 48 symbols, UE still need to receive AP CSI-RS with the indicated Tx beam information, i.e. QCL-D in TCI, by DCI. But in this case, UE may have to use the previous Rx panel due to the shortage of panel switching/activation time. If gNB transmits AP CSI-RS within 48 symbols, default Tx beam (e.g. lowest ID CORESET TCI) is used rather than the indicated TCI by DCI. It can be summarized as follows
· For a UE reports {224, 336} as its BST,
· If AP CSI-RS is transmitted within 48 symbols, the UE would set its Rx beam according to the default TCI, not by the TCI in DCI.
· If AP CSI-RS is transmitted after 48 symbols but within BST, the UE would set its Rx beam according to the TCI indicated by DCI by using the same Rx panel as receiving DCI.
· If AP CSI-RS is transmitted after BST, the UE would set its Rx beam according to the TCI indicated by DCI by using the Rx panel probably different from the Rx panel for receiving DCI.
Above interpretation may be valid only when repetition=’on’, since UE reports its BST as the minimum number of required OFDM symbols between the DCI triggering aperiodic CSI-RS and the corresponding aperiodic CSI-RS transmission in a CSI-RS resource set configured with repetition ‘ON’. However, from spec perspective, 48 is used as a ‘threashold’ for determining whether to follow the TCI in DCI or to follow the default TCI for AP CSI-RS with/without repetition. So our suggested response for the LS is given as follows:
· When UE reports beamSwitchTiming-r16, the BST value can be decided on the basis of repetition=’on’, considering e.g. panel activation/switching delay. For this UE, 48 is commonly used as a ‘threashold’ for determining whether to follow the TCI in DCI or to follow the default TCI, e.g. the TCI of the lowest ID CORESET, for receiving AP CSI-RS regardless of repetition ON/OFF or without repetition. 

	CATT
	This issue has been discussed in RAN1# TEI session for an extensive period of time and the agreement was based on a compromise. There are of course pros/cons associated with different alternatives, but our view is that RAN1 should not re-open the discussion again. 

With that understanding, we believe the last three bullets are inconsistent with the past RAN1 agreement. 

	Moderator
	Based on the discussion in GTW session, FL proposal is updated.



Updated FL proposal 2:
· Send LS reply to RAN2 with following contents
· Regarding RAN2 understanding on Rel-15 UE behavior
· In R15, if the UE indicates one value among {14, 28, 48} for beamSwitchTiming, the UE behavior for receiving AP-CSI-RS configured with repetition (set as ‘ON’ or ‘OFF’) with a scheduling offset smaller than reported beamSwitchTiming was unspecified, while the UE behavior for receiving AP-CSI-RS with a scheduling offset equal to or greater than reported beamSwitchTiming was specified. 
· [In R15, when UE reports one value among {224, 336} for beamSwitchTiming, it will be used to determine UE expectation/behavior for aperiodic CSI-RS for tracking and latency requirements for L1-RSRP reporting, while UE behavior for receiving AP-CSI-RS for CSI acquisition (without trs-Info and without repetition) with a scheduling offset smaller than, equal to or larger than reported beamSwitchTiming was unspecified.]
· In R15, RAN1 did not agree on using 48 as default value for beamSwitchTiming.
· Regarding Rel-16 UE behavior
· Both beamSwitchTiming and beamSwitchTiming-r16 are optional to report
· If the UE doesn’t include the beamSwitchTiming-r16, its behaviour is same as Rel-15
· If the UE does include the Rel-16 capability, UE may or may not receive enableBeamSwitchTiming-r16
· If the UE does include the Rel-16 capability but doesn’t receive enableBeamSwitchTiming-r16, its behaviour is same as Rel-15
· If the UE receives enableBeamSwitchTiming-r16
· For CSI-RS configured with repetition “ON”, the UE applies switch time that is the same as the signalled value from the set {224, 336}
· For CSI-RS configured with repetition “OFF”, the UE applies switch time of 48 if beamSwitchTiming-r16 is reported
· For CSI-RS configured without repetition and without trs-info, the UE applies switch time of 48 if beamSwitchTiming-r16 is reported
· Prepare CR for Rel-16 TS38.214 

Based on the discussion in GTW session, following agreements were made.

Agreements:
· Send LS reply to RAN2 with following contents – final LS in R1-2009496
· Regarding RAN2 understanding on Rel-15 UE behavior
· In R15, if the UE indicates one value among {14, 28, 48} for beamSwitchTiming, the UE behavior for receiving AP-CSI-RS configured with repetition (set as ‘ON’ or ‘OFF’) with a scheduling offset smaller than reported beamSwitchTiming was unspecified, while the UE behavior for receiving AP-CSI-RS with a scheduling offset equal to or greater than reported beamSwitchTiming was specified. 
· In R15, when UE reports one value among {224, 336} for beamSwitchTiming, it will be used to determine UE expectation/behavior for aperiodic CSI-RS for tracking and latency requirements for L1-RSRP reporting, while UE behaviour/assumption regarding before or after beam switch timing is unspecified for measuring AP CSI-RS for CSI acquisition (without trs-Info and without repetition) and for beam management (with repetition ‘off’).
· RAN1 listed ‘No recommendation on the desired beam switching timing’ as ‘Consequences if the feature is not supported by the UE’ in UE feature list R1-1907862.
· Regarding Rel-16 UE behavior
· Both beamSwitchTiming and beamSwitchTiming-r16 are optional to report
· If the UE doesn’t include the beamSwitchTiming-r16, its behaviour is same as Rel-15
· If the UE does include the Rel-16 capability, UE may or may not receive enableBeamSwitchTiming-r16
· If the UE does include the Rel-16 capability but doesn’t receive enableBeamSwitchTiming-r16, its behaviour is same as Rel-15
· If the UE receives enableBeamSwitchTiming-r16
· For CSI-RS configured with repetition “ON”, the UE applies switch time that is the same as the signalled value from the set {224, 336}
· For CSI-RS configured with repetition “OFF”, the UE applies switch time of 48 if beamSwitchTiming-r16 is reported
· For CSI-RS configured without repetition and without trs-info, the UE applies switch time of 48 if beamSwitchTiming-r16 is reported
· Note that if aperiodic CSI-RS resource set is configured with trs-info, only Rel-15 beamSwitchTiming is used according to RAN1 specification
· Prepare CR for Rel-16 TS38.214 – agreed in final CR in R1-2009494



Conclusion

Agreements:
· Regarding the interpretation of UE capabilities in case of cross-carrier operation, RAN1 clarifies that support of the following UE capability is based on the support of this capability for the band of the scheduled/triggered/indicated cell only.
· FG14-7
	14. NR TEI
	14-7
	New capability for beamSwitchTiming values of 224 and 336
	1. Indicates the minimum number of required OFDM symbols {224, 336} between the DCI triggering aperiodic CSI-RS and the corresponding aperiodic CSI-RS transmission in a CSI-RS resource set configured with repetition ‘ON’
· Candidate values: {224, 336}

	2-28
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Agreements:
・48 is used as the beam switching threshold for Ues reporting 224 or 336
ØWhen using the higher values of the feature (sym224 and sym336), beamSwitchTiming indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission in a CSI-RS resource configured with repetition ‘ON’ to apply TCI indication in CSI-RS triggering DCI.

The support of this FG is based on the support of this FG for the band of the scheduled/triggered/indicated cell only.
	Optional with capability signaling



Agreements:
· Send LS reply to RAN2 with following contents – final LS in R1-2009496
· Regarding RAN2 understanding on Rel-15 UE behavior
· In R15, if the UE indicates one value among {14, 28, 48} for beamSwitchTiming, the UE behavior for receiving AP-CSI-RS configured with repetition (set as ‘ON’ or ‘OFF’) with a scheduling offset smaller than reported beamSwitchTiming was unspecified, while the UE behavior for receiving AP-CSI-RS with a scheduling offset equal to or greater than reported beamSwitchTiming was specified. 
· In R15, when UE reports one value among {224, 336} for beamSwitchTiming, it will be used to determine UE expectation/behavior for aperiodic CSI-RS for tracking and latency requirements for L1-RSRP reporting, while UE behaviour/assumption regarding before or after beam switch timing is unspecified for measuring AP CSI-RS for CSI acquisition (without trs-Info and without repetition) and for beam management (with repetition ‘off’).
· RAN1 listed ‘No recommendation on the desired beam switching timing’ as ‘Consequences if the feature is not supported by the UE’ in UE feature list R1-1907862.
· Regarding Rel-16 UE behavior
· Both beamSwitchTiming and beamSwitchTiming-r16 are optional to report
· If the UE doesn’t include the beamSwitchTiming-r16, its behaviour is same as Rel-15
· If the UE does include the Rel-16 capability, UE may or may not receive enableBeamSwitchTiming-r16
· If the UE does include the Rel-16 capability but doesn’t receive enableBeamSwitchTiming-r16, its behaviour is same as Rel-15
· If the UE receives enableBeamSwitchTiming-r16
· For CSI-RS configured with repetition “ON”, the UE applies switch time that is the same as the signalled value from the set {224, 336}
· For CSI-RS configured with repetition “OFF”, the UE applies switch time of 48 if beamSwitchTiming-r16 is reported
· For CSI-RS configured without repetition and without trs-info, the UE applies switch time of 48 if beamSwitchTiming-r16 is reported
· Note that if aperiodic CSI-RS resource set is configured with trs-info, only Rel-15 beamSwitchTiming is used according to RAN1 specification
· Prepare CR for Rel-16 TS38.214 – agreed in final CR in R1-2009494
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Appendix: UE features list for NR TEIs in [1]
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	14. NR TEI
	14-1
	Multiple LTE-CRS rate matching patterns
	1) Maximum number of LTE-CRS rate matching patterns in total within a NR carrier using 15 kHz SCS
2) Maximum number of LTE-CRS non-overlapping rate matching patterns within a NR carrier using 15 kHz SCS
	5-28 (Rate-matching around LTE CRS)
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR1 only)
	N/A
	For DSS

The number of the additional CRS rate matching patterns reported in Rel-16 is accounted in the total number of rate matching pattern reported by the UE for Rel-15 by using pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot and pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot

UE reporting component 1 for 14-1 also reports component 2.
Reporting of values of Component 1 larger than two is only applicable when reporting values of Component 2 larger than one.
	Optional with capability signalling

Component 1:{2, 3, 4, 5, 6}

Component 2: {1, 2, 3}

	14. NR TEI
	14-1a
	Two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz overlapping with a LTE carrier
	1. Support of two LTE-CRS overlapping rate matching patterns within a part of NR carrier using 15 kHz SCS overlapping with a LTE carrier
	14-1 
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR1 only)
	N/A
	For DSS

The number of the additional CRS rate matching patterns reported in Rel-16 is accounted in the total number of rate matching pattern reported by the UE for Rel-15 by using pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot and pdsch-RE-MappingFR1-PerSymbol/pdsch-RE-MappingFR1-PerSlot
	Optional with capability signaling

	14. NR TEI
	14-2
	PDSCH Type B mapping of length 9 and 10 OFDM symbols
	1. support of PDSCH Type B scheduling of length 9 and 10 OFDM symbols
2. support of DMRS shift for length-10 symbols
	5-6a (PDSCH mapping type B) 
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR1 only)
	N/A
	For DSS

FG10-8 covers PDSCH type B mapping without DMRS shift due to CRS collision.
	Optional with capability signaling

	14. NR TEI
	14-3
	One slot periodic TRS configuration for FR1
	1. UE can be configured with one-slot periodic TRS configuration only when no two consecutive slots are indicated as downlink slots by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated
	2-51 (CSI-RS for tracking)
	Yes
	N/A
	
	Per band
	N/A (TDD only)
	N/A (FR1 only)
	N/A
	UE can be configured with one-slot periodic TRS configuration only when no two consecutive slots are indicated as downlink slots by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated.

This FG is not also applicable for the case that all slots are indicated as flexible 
	Optional with capability signalling


	14. NR TEI
	14-4
	SRS Tx switch with allowing downgrading configuration
	1) Support SRS Tx port switch

	2-55
	Yes
	N/A
	
	Per BC (same reporting type as srs-TxSwitch in Rel-15)
	N/A
	N/A
	N/A
	Agreement:
•Rel-16 UE capability design for SRS antenna switching in conjunction with the existing Rel-15 UE capability should allow UE to indicate support of one of the following combinations 
o{t1r1, t1r2}
o{t1r1, t1r2, t1r4}
o{t1r1, t1r2, t2r2, t2r4}
o{t1r1, t2r2}
o{t1r1, t2r2, t4r4}
o{t1r1, t1r2, t2r2, t1r4, t2r4}
oNote: Detailed signaling design is up to RAN2

	Optional with capability signalling

Component 1: Candidate value set:
{
o{t1r1, t1r2}
o{t1r1, t1r2, t1r4}
o{t1r1, t1r2, t2r2, t2r4}
o{t1r1, t2r2}
o{t1r1, t2r2, t4r4}
o{t1r1, t1r2, t2r2, t1r4, t2r4}
}

Component2: Candidate value set: {yes, no}

Component 3: Candidate value set: {yes, no}

	14. NR TEI
	14-5
	Half-duplex UE behaviour in TDD CA for same SCS
	1) Support for directional collision handling between reference and other cell(s) for half-duplex operation in CA with same SCS
	6-5 and simultaneousRxTxInterBandCA not supported
	Yes
	N/A
	
	Per BC
	N/A (TDD only)
	N/A
	N/A
	Half duplex UEs that do not indicate this capability should still be able to operate half-duplex TDD CA (i.e. simultaneousRxTxInterBandCA not  supported) per Rel15 specifications if network ensures same transmission direction across all the serving cells
	Optional with capability signaling

	14. NR TEI
	14-6
	New RACH configuration for FR1 TDD
	1. new RACH configuration entries with subframe number 2 and/or 7 for RACH periodicity longer than 10 ms
	
	No
	N/A
	
	N/A
	N/A (TDD only)
	N/A (FR1 only)
	N/A
	Agreement:
•A new UE capability is not introduced for this TEI, i.e., it is a mandatory UE feature for Rel-16.
	Mandatory without capability signalling

	14. NR TEI
	14-7
	New capability for beamSwitchTiming values of 224 and 336
	1. Indicates the minimum number of required OFDM symbols {224, 336} between the DCI triggering aperiodic CSI-RS and the corresponding aperiodic CSI-RS transmission in a CSI-RS resource set configured with repetition ‘ON’
· Candidate values: {224, 336}

	2-28
	Yes
	N/A
	
	Per band
	N/A
	N/A (FR2 only)
	N/A
	Agreements:
・48 is used as the beam switching threshold for Ues reporting 224 or 336
ØWhen using the higher values of the feature (sym224 and sym336), beamSwitchTiming indicates the minimum number of OFDM symbols between the DCI triggering of aperiodic CSI-RS and aperiodic CSI-RS transmission in a CSI-RS resource configured with repetition ‘ON’ to apply TCI indication in CSI-RS triggering DCI.
	Optional with capability signaling

	14. NR TEI
	14-8
	CSI trigger states containing non-active BWP
	1. CSI trigger states containing non-active BWP
	
	Yes
	N/A
	
	Per UE
	No
	No
	N/A
	Agreements:
TEI – “CSI trigger states containing non-active BWP”
・When a UE is triggered with a CSI report for a DL BWP that is non-active, the UE is not expected to report the CSI for the non-active BWP and the CSI report associated with the BWP is omitted.
・When a UE is triggered with aperiodic CSI-RS in a DL BWP that is non-active, the UE is not expected to measure the aperiodic CSI-RS. 
・The above non-active BWP is the non-active BWP when receiving the associated CSI-RS with the following relaxation for UE processing. 
In the CC of the associated CSI-RS, if the active BWP when receiving the CSI-RS is different from the active BWP when receiving the triggering DCI
The last symbol of the PDCCH span of the DCI carrying the BWP switching shall be no later than the last symbol of the PDCCH span of the CSI trigger DCI, irrespective of whether they are in the same CC or not and irrespective of whether they are in the same SCS or not.
The UE is not expected to have any other BWP switching in that CC after the last symbol of the PDCCH span covering CSI trigger DCI and before the first symbol of the triggered CSI-RS resource.
・Note: the UE is not required to measure P/SP-CSI-RS in the non-active BWP per current specification
	Optional with capability signaling
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