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Introduction
The WID for NR RRM was updated in RAN#86 to include a discussion on delay requirements for spatial relation switch for uplink channels and SRS. After the last RAN#94bis-e meeting the way forward (R4-2005340) [3] was agreed. In this contribution, we give our views on the different concerning the open items in the WF [3]. The following details refer to FR2 operation.
Discussion
Background
Based on the WF [3], RAN4 agreed to define requirements according to following table:
	#
	Scenario
	PHY channel
	Triggering method
	associated source 
	Whether to introduce requirement

	1
	PUCCH-RRC-DL
	PUCCH
	RRC
	DL RS
	No

	2
	PUCCH-RRC-UL
	PUCCH
	RRC
	UL SRS
	No

	3
	PUCCH-MAC-DL
	PUCCH
	MAC
	DL RS
	Yes

	4
	PUCCH-MAC-UL
	PUCCH
	MAC
	UL SRS
	No

	5
	PUSCH-DCI
	PUSCH
	DCI
	-
	No

	6
	pSRS-RRC-DL
	P-SRS
	RRC
	DL RS
	Yes

	7
	pSRS-RRC-UL
	P-SRS
	RRC
	UL SRS
	No

	8
	spSRS-MAC-DL
	SP-SRS
	MAC
	DL RS 
	Yes

	9
	spSRS-MAC-UL
	SP-SRS
	MAC
	UL SRS
	No

	10
	aSRS-DCI-DL
	A-SRS
	DCI
	DL RS
	Yes

	11
	aSRS-DCI-UL
	A-SRS
	DCI
	UL SRS
	No



In the WF the two cases #3 and #6 have still some details to agreed which we discuss in this paper. Additionally, 3 other questions were left open for further discussion.
[bookmark: _Hlk36818186]In general we see that at least the DL RS based requirements should be developed in order to keep consistency with the work and agreements on beam correspondence in RF session, where the requirements based on DL RS is also developed and in such a way that the UE should achieve beam correspondence only based on DL-RS, see TS38.101-2 summarized in e.g. R1-2000926 [2]. Furthermore, in our view the UL spatial relation switch should primarily focus on the MAC and DCI based switch, while RRC based switch is a secondary option. UL SRS based spatial relation switch can of course also be developed in addition.

DL-RS MAC and DCI requirements
These are based on DL RS through DCI, MAC and RRC. DCI and MAC which present an advantage over RRC. Hence, we see these more important and the WF left scenario #3 with some open aspects to discuss further.

Scenario#3 PUCCH-MAC-DL
For MAC CE based spatial relation info switching associated with DL-RS for PUCCH the requirement should follow the timing as defined in RAN1:
For known DL reference signal 4 options were listed in last meeting: 
Option 1: THARQ +3ms
Option 1a: THARQ +3ms/NR slot length
Option 2: THARQ +3ms + time for time tracking if applicable
Option 3: The PDCCH TCI switch timeline to be used as baseline. 
Considering that this is for the known RS, the timing should be according to RAN1 and hence option 1. If further delays they should then be justified.
For known case, MAC CE based spatial relation switching, the UE delay requirement is THARQ + 3ms (option 1).
For unknown switch 4 options were listed as well:
Option 1: THARQ + 3ms + TL1-RSRP
Option 1a: THARQ +(3ms+ TL1-RSRP)/NR slot length
Option 2: THARQ + 3ms + TL1-RSRP + time for time tracking if applicable
Option 3: THARQ + 3ms + ‘time for tracking’
Option 4: No requirement
Assuming, that there is still a need for THARQ + 3ms switch delay an additional delay should be allowed for the UE acquire time tracking. Hence, either option 1, 2 or option 3. We do not see option 4 practical as known UE behavior is preferred. It is not clear what delay ‘time for time tracking if applicable’ refer to and when it is applicable. This would need more discussion; e.g. does this refer to SSB reception? Additionally, it would also need to be clarifies what TL1-RSRP cover – does it mean one occurrence of L1-RSRP or a number of measurements?
[bookmark: _Hlk40460692]For unknown case, MAC CE based spatial relation switching, the UE delay requirement is THARQ + 3ms + ‘time for tracking’ (option 3).
‘Time for tracking’ would need more precise definition. Are there situations with unknown DL RS where the UE would need to receive SSB and L1-RSRP and what would the conditions in such case be?


DL RS RRC requirements
RRC based spatial relation info switching with DL-RS for PUCCH and for pSRS, this is not the first focus. Although we believe RAN4 should focus on MAC and DCI based DL-RS switch because these are more realistic to be used in the field (which would also be more aligned with the work in RF session) case #6 was agreed and some topics were left open for this case.

Scenario #6 pSRS-RRC-DL
For the known DL RS scenario following options were listed in the former RAN4 meeting:
Option 1: Define delay based on RRC based TCI state switching requirements
Option 2: TRRCprocessing + time for time tracking if applicable
Option 3: TRRCprocessing (timing is not required)
The timing requirement here would need to include RRC processing. Additional delay is needed in addition to the RRC processing, due to actual UL switch time might be needed.
Define switch delay based on the RRC processing time plus additional switch delay (option 3).
This additional switch time delay could be using the delay known from TCI switch delay as baseline. Such switch delay should be very short and could be included in TRRCprocessing delay. We do not see any need for additional DL RS tracking time as this is known DL RS case.

For unknown DL RS scenario, the UE would need time to process the RRC, perform switch and time for time tracking.
Option 1: Define delay based on RRC based TCI state switching requirements
Option 2: TRRCprocessing + TL1-RSRP + time for time tracking if applicable
Option 3: TRRCprocessing + TL1-RSRP
Option 4: No requirements
Not defining requirements is not our preference in any case. We believe that for the unknown case the delay requirements would need to allow UE reasonable delay to perform RRC processing (known delay), perform the actual switch and a period for time tracking. Hence, as such this would be option 2.
RRC switch with unknown timing should include time for RRC processing, switch and reasonable time tracking delay (option 2).

Other open aspects
3 other open items were left for further discussion in the WF:
· Whether define the spatial relation delay requirement for UE which only supports BC Bit-0?
· When the UL signal has spatial relation to an unknown DL RS?
· Whether to consider timing tracking when associated DL-RS?
Next we give views on these aspects.
UE which only supports BC Bit-0
A UE supporting bit-0 still have beam correspondence even without need for SRS sweep. However, an UL SRS sweep may improve the EIRP by around 3dB. An improvement of 3dB is significant and allowing some additional delay for UL SRS sweep seems reasonable. However, such delay should only be needed for UE which do not indicate beamCorrespondenceWithoutUL-BeamSweeping.
For a Bit-1 UE we expect full beam correspondence and no additional delay is needed. 
For bit-0 UE not indicating beamCorrespondenceWithoutUL-BeamSweeping is allowed delay for UL SRS sweep.

UL signal has spatial relation to an unknown DL RS
The options listed in last meeting included:
· Option 1: UE transmits using previous TX beam
· Option 2: Drop UL transmission until TCI state is known
· Option 3: Up to UE implementation and no need to be specified.
Option 3 is again not favourable as this leaves UE behaviour unknown to the network. Additionally, it seems this discussion is closely related to discussion concerning unknown DL RS for scenarios #3 and #6. As discussed in these sections we see that UE would be given time to perform DL time tracking and should use the UL spatial relation once the UE has gained the DL RS timing. Based on this we prefer option 2 as the solution which would then also be aligned with the other open topics.
Option 2, the UE does not transmit in UL until UE has gained timing of the DL RS.

Timing tracking
A number of subtopics have been listed in the WF:
· Sub1. Whether to consider timing tracking when associated DL-RS QCLed with a different qcl-Type1 RS?
· Option 1: No
· Option 2: Yes
· Option 3: Up to UE
· Sub2. Whether to consider timing tracking when associated DL-RS is an unknown DL RS?
· Option 1: No
· Option 2: Yes
· Option 3: Up to UE
· Sub3. Whether to consider timing tracking when PUSCH/PUCCH and SRS associated with different DL-RSs in one slot?
· Option 1: No
· Option 2: Yes
· Option 3: Up to UE
In all cases we prefer that there is clearly defined UE behavior. Hence for all subtopics we do not see option 3 as feasible option. As for the different subtopics:
Subtopics 1: The WF is not clear about whether this relates to known or unknown case. Additionally, the question is not clear to us and we would prefer more discussion on this subtopic to understand the actual scenario.
Subtopic 2: This seems to be same question as already discussed before. Hence, if the associated DL RS is unknown the UE should be allowed time to perform time tracking. Option 2.
Subtopic 3: Assuming this address whether or not the UE shall be able to transmit with correct transmit timing for PUSCH/PUCCH and SRS when different DL-RS is in one slot, we believe this is needed. Hence, option 2. This would be needed in order to ensure reception at gNb and orthogonality of the received signal.

Conclusions
In the last meeting UL spatial relation switch delay was discussed. In this contribution, we give our views on the different concerning the open items in the WF [3]. The following details refer to FR2 operation. Based on the discussion we have following proposals:
1. For known case, MAC CE based spatial relation switching, the UE delay requirement is THARQ + 3ms (option 1).
For unknown case, MAC CE based spatial relation switching, the UE delay requirement is THARQ + 3ms + ‘time for tracking’ (option 3).
Define switch delay based on the RRC processing time plus additional switch delay (option 3).
RRC switch with unknown timing should include time for RRC processing, switch and reasonable time tracking delay (option 2).
For bit-0 UE not indicating beamCorrespondenceWithoutUL-BeamSweeping is allowed delay for UL SRS sweep.
Option 2, the UE does not transmit in UL until UE has gained timing of the DL RS.
For the time tracking discussion and open issues our view is:
Subtopics 1: The WF is not clear about whether this relates to known or unknown case. Additionally, the question is not clear to us and we would prefer more discussion on this subtopic to understand the actual scenario.
Subtopic 2: This seems to be same question as already discussed before. Hence, if the associated DL RS is unknown the UE should be allowed time to perform time tracking. Option 2.
Subtopic 3: Assuming this address whether or not the UE shall be able to transmit with correct transmit timing for PUSCH/PUCCH and SRS when different DL-RS is in one slot, we believe this is needed. Hence, option 2. This would be needed in order to ensure reception at gNb and orthogonality of the received signal.
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