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1. Introduction
Requirements on UL spatial relation switching has been discussed for a few RAN4 meeting. Discussions mainly focused on the delay requirements for spatial relation change of PUCCH, PUSCH and SRS. A few issues have not been solved and in this contribution, we provide our considerations for these remaining issues.

2. Discussion
At RAN4 95e meeting, WF on this topic was agreed in [1]. At [2] it was further agreed that some issues will be postponed for further study and we mainly provide our considerations on issues within Rel-16 scope.    
Issue 1： Whether to consider timing tracking when associated DL-RS?
· Sub1. 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
· Sub2. 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
This issue has been extensively discussed during RAN4 95e meeting. As mentioned in [3], for sub1, another expression of the question is whether a UE will meet initial transmit timing accuracy requirements with target uplink spatial relation. Since this question is postponed [2], a pragmatic solution is to use option 1 for sub1 since the logic is even for few cases the UE Tx timing accuracy is degraded due to UL spatial info switch, the degradation should be tolerable. For sub 2, it is better that no requirement will be defined for this case.

Proposal 1:  Use option 1 for sub1 and option 3 for sub 2
Issue 2: Define delay requirement for MAC CE based spatial relation info switching associated with DL-RS for PUCCH

· 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
· 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
Issue 3: Delay requirement for RRC based spatial relation info switching associated with DL-RS for P-SRS

· 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
· 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
Issue 2 and 3 are specific cases for MAC CE and RRC based spatial relation info switch, respectively. Using the same logic in proposal 1, for known cases, it is not necessary to include timing tracking period even the DL RS is not in the active TCI list. For unknown cases, “no requirements” is preferred based on proposal 1’s suggestion. 
Proposal 2: For MAC CE based spatial relation info switching associated with DL-RS for PUCCH, 

Use option 1 for the switch delay when DL RS spatial relation is known but the DL RS is not in the active TCI list

Use option 3 when the DL RS spatial relation is unknown

Proposal 3: For RRC based spatial relation info switching associated with DL-RS for P-SRS, 

Use option 1 for the switch delay when DL RS spatial relation is known but the DL RS is not in the active TCI list

Use option 3 when the DL RS spatial relation is unknown

Issue 4: 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.
Issue 4 has also been extensively discussed at RAN4 95e meeting. Firstly all companies agreed that this issue is for a transition period where option 1/2 try to define a particular UE behaviour with the intention to enable the network and UE have a common understanding about UE behaviour within this transition period. However the current RAN1 specification does not specify what is expected from UE during this transition period, in addition it is not necessary to mandate any UE behaviour during transition period. Hence we support option 3 for issue 4.   
Proposal 4: When the UL signal has spatial relation to an unknown DL RS using option 3, i.e., up to UE implementation and no need to be specified. 

3. Conclusion
In this paper, we provide our analysis on BWP switching over multiple CCs and we have the following proposals: 
Proposal 1:  Use option 1 for sub1 and option 3 for sub 2
Proposal 2: For MAC CE based spatial relation info switching associated with DL-RS for PUCCH, 

Use option 1 for the switch delay when DL RS spatial relation is known but the DL RS is not in the active TCI list

Use option 3 when the DL RS spatial relation is unknown

Proposal 3: For RRC based spatial relation info switching associated with DL-RS for P-SRS, 

Use option 1 for the switch delay when DL RS spatial relation is known but the DL RS is not in the active TCI list

Use option 3 when the DL RS spatial relation is unknown

Proposal 4: When the UL signal has spatial relation to an unknown DL RS using option 3, i.e., up to UE implementation and no need to be specified. 
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