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Discussions on delay requirements for spatial relation change of PUCCH, PUSCH and SRS continued during RAN4#95-e, with a few unresolved issues being captured in a way forward document [1]. 
In this contribution we are providing our input on those issues.
Discussion
The first issue concerns whether a UE shall meet initial transmit timing accuracy requirement (38.133 clause 7.1.2) after spatial relation switching.

· Whether UE should meet initial transmit timing accuracy requirements after UL spatial relation switch?
· Option 1: No
· Option 2: Yes

Our preferrrence is that after UL spatial relation switching, the UE shall fulfill the transmit timing accuracy requirement. As pointed out in our previous contributions on this subject, our view is that uplink transmit timing depends on the configured reference for downlink timing rather than on the particular uplink beam in use. Hence for the general case, changing spatial relation would not impact the transmit timing.

Proposal 1: 	The UE shall meet the initial transmit timing accuracy requirement after UL spatial relation switching. This corresponds to Option 2 in the WF.

The second issue concerns whether to consider time tracking for the case where the downlink reference signal is known, but in turn is quasi-colocated with a different qcl-Type 1 reference signal.

· Whether to consider timing tracking when associated DL-RS is known but QCLed with a different qcl-Type1 RS?
· Option 1: No
· Option 2: Yes
· Option 3: No requirement will be defined.
· Option 4: 
· No for SRS spatial relation changes
· Yes for PUCCH spatial relation changes

Our preferrence here is that time tracking is not considered.

Proposal 2: 	No time tracking shall be considered for the case where associated downlink reference is known but QCL-ed with a different qcl-Type1 RS. This corresponds to Option 1 in the WF.


The third issue concerns whether time tracking is to be considered when associated downlink reference signal is unknown.

· Whether to consider timing tracking when associated DL-RS is an unknown DL RS?
· Option 1: No
· Option 2: Yes
· Option 3: No requirement will be defined

Our view here is that the UE will be granted time for beam sweeping, and therefore the UE does not need additional time on top of the beam sweeping for determining timing of the downlink reference signal. Instead the timing shall be acquired as part of the beam sweeping. 

Proposal 3: 	For the case where the DL RS is unknown to the UE, additional time for beam sweeping shall be granted. During the beam sweeping, the UE shall detect the DL RS and determine its timing. No additioanl time for time tracking shall be considered. This corresponds to Option 1 in the WF. 

The fourth issue concerns uplink transmissions when the associated DL RS is unknown.

· When the UL signal has spatial relation to an unknown DL RS,
· 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.

We would like to have a well-defined UE behaviour, but do not have a strong view on whether Option 1 or Option 2 is specified.
Proposal 4:		The UE behaviour when UL signal has a spatial relation to an unknown DL RS shall be well defined. With reference to the options in the WF, either Option 1 or Option 2 shall be specified.
The next issue concerns spatial relation switching delay requirements for UEs with beam correspondance bit set to zero.

· How to deduce the delay requirement for UE which only supports BC Bit-0 when spatial relation is associated with DL RS?
· Option 1: The same delay requirement as BC Bit-1 UE 
· Option 2: Always plus the SRS beam sweeping duration compared to BC Bit-1 UE
Note: The BC Bit-0 UE doesn’t need to meet the same accuracy requirement with Bit-1 for active spatial relation switch.

A UE that is reporting BC bit-0 capability thus cannot rely on received downlink signals when determining the spatial transmission filter for the uplink. Rather, the spatial transmission filter for the uplink has to be determined via uplink beam sweeping. Thus only spatial relations associated with SRS are relevant for such UE. Requirement-wise, any requirements that are defined for spatial relation switching associated with SRS can be imposed also on the UE reporting BC bit-0 capability.
Proposal 5:		A UE that is reporting BC bit-0 capability shall fulfill spatial relation switching delay requirements associated with SRS. Hence any such requirements explicitly defined by RAN4 shall apply for UEs reporting BC bit-0 and BC bit-1, respectively. With reference to the options in the WF, this would correspond to Option 1.
The next issues concern delay requirements for MAC-based spatial relation switching for PDCCH when associated with DL-RS – known or unknown.

· For known spatial relation but the DL RS is not in the active TCI list
· Option 1: THARQ +3ms
· Option 2: THARQ +3ms + time for time tracking if applicable

Proposal 6:	Delay requirement MAC CE-based spatial relation switching for PUCCH with associated known DL-RS not in the active TCI state list shall be: THARQ +3ms. This corresponds to Option 1 in the WF.
· For unknown spatial relation
· Option 1: THARQ + 3ms+ TL1-RSRP
· Option 2: THARQ + 3ms+ TL1-RSRP + time for time tracking if applicable
· Option 3: No requirements will be defined

Proposal 7:	Delay requirement MAC CE-based spatial relation switching for PUCCH with associated unknown DL-RS shall be: THARQ +(3ms+ TL1-RSRP), i.e., it shall be assumed that DL RS timing is determined during beam sweeping and no additional time for time tracking would be needed. This corresponds to Option 1 in the WF. 

The final issues concern delay requirements for RRC-based spatial relation switching for P-SRS, when associated with DL-RS – known or unknown.  

· For known spatial relation but the DL RS is not in the active TCI list
· Option 1: TRRCprocessing
· Option 2: TRRCprocessing + time for time tracking if applicable

Proposal 8:	Delay requirement for RRC-based spatial relation switching for P-SRS with associated known DL-RS not in the active TCI state list shall be: TRRCprocessing. This corresponds to Option 1 in the WF.
· For unknown spatial relation
· Option 1: TRRCprocessing + TL1-RSRP
· Option 2: TRRCprocessing + TL1-RSRP + time for time tracking if applicable
· Option 3: No requirements will be defined

Proposal 9: 	Delay requirement for RRC-based spatial relation switching for P-SRS with associated unknown DL-RS shall be: TRRCprocessing + TL1-RSRP ), i.e., it shall be assumed that DL RS timing is determined during beam sweeping and no additional time for time tracking would be needed. This corresponds to Option 1 in the WF. 
	
Summary and Conclusion
In this contribution we have followed up on the discussion from RAN4#95e on spatial relation switching delay requirements.
Based on the WF [1], the following proposals were made:
Proposal 1: 	The UE shall meet the initial transmit timing accuracy requirement after UL spatial relation switching. This corresponds to Option 2 in the WF.

Proposal 2: 	No time tracking shall be considered for the case where associated downlink reference is known but QCL-ed with a different qcl-Type1 RS. This corresponds to Option 1 in the WF.
Proposal 3: 	For the case where the DL RS is unknown to the UE, additional time for beam sweeping shall be granted. During the beam sweeping, the UE shall detect the DL RS and determine its timing. No additioanl time for time tracking shall be considered. This corresponds to Option 1 in the WF. 

Proposal 4:		The UE behaviour when UL signal has a spatial relation to an unknown DL RS shall be well defined. With reference to the options in the WF, either Option 1 or Option 2 shall be specified.
Proposal 5:		A UE that is reporting BC bit-0 capability shall fulfill spatial relation switching delay requirements associated with SRS. Hence any such requirements explicitly defined by RAN4 shall apply for UEs reporting BC bit-0 and BC bit-1, respectively. With reference to the options in the WF, this would correspond to Option 1.
Proposal 6:	Delay requirement MAC CE-based spatial relation switching for PUCCH with associated known DL-RS not in the active TCI state list shall be: THARQ +3ms. This corresponds to Option 1 in the WF.
Proposal 7:	Delay requirement MAC CE-based spatial relation switching for PUCCH with associated unknown DL-RS shall be: THARQ +(3ms+ TL1-RSRP), i.e., it shall be assumed that DL RS timing is determined during beam sweeping and no additional time for time tracking would be needed. This corresponds to Option 1 in the WF.
 
Proposal 8:	Delay requirement for RRC-based spatial relation switching for P-SRS with associated known DL-RS not in the active TCI state list shall be: TRRCprocessing. This corresponds to Option 1 in the WF.
Proposal 9: 	Delay requirement for RRC-based spatial relation switching for P-SRS with associated unknown DL-RS shall be: TRRCprocessing + TL1-RSRP ), i.e., it shall be assumed that DL RS timing is determined during beam sweeping and no additional time for time tracking would be needed. This corresponds to Option 1 in the WF. 

[bookmark: _Ref536781364][bookmark: _Ref517094573][bookmark: _Ref536781239]References
[1] [bookmark: _Ref37350775][bookmark: _Ref40181992][bookmark: _Ref32216336][bookmark: _Ref21016511][bookmark: _Ref7436395][bookmark: _Ref11757867][bookmark: _Ref5034089][bookmark: _Ref47337149]R4-2008679 “WF on spatial relation switch”, MediaTek Inc.



2

