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1. Introduction
At the last RAN4 meeting, requirements for TCI state switching were discussed and agreements were captured in WF [1]. However, there are still some remaining issues regarding delay and interruption requirements based on RRC, MAC CE, and DCI based switching. In this contribution, we provide our views on the remaining issues.
2. Discussion
Definition of known and unknown TCI state
First of all, we need to discuss about the definition of known and unknown TCI state. As captured in WF [1], it was agreed that the definition of known TCI state is based on L1-RSRP or L3-RSRP report made in the last [X] ms at least for PC1 UE. At the last meeting, some companies proposed that known TCI state should be specified only for PC1. However, known TCI state condition should be defined for all the other PCs, e.g. PC2, PC3, and PC4. That is because additional delay is always applied if only unknown TCI state is defined, resulting that the previous L1-RSRP measurement and reporting would be meaningless because UE is always expected to perform additional L1-RSRP measurement. Even considering dynamic channel condition in FR2, it would be pessimistic not to specify known condition except for PC1. Therefore, we propose to define known TCI state condition and requirements regardless of PC.
[bookmark: _GoBack]Regarding value of X, RAN4 needs further discussion. Based on the requirements of L1-RSRP reporting, UE can utilize at most 24 samples, e.g. M = 3 and N = 8, for L1-RSRP computation for reporting. Therefore, UE would need to hold measurement results for each reporting at least 24 × RS periodicity ms to calculate a reported L1-RSRP value. However, some companies have proposed quite smaller value of X, e.g. 80 ms, due to dynamic channel condition in FR2. Dynamic channel changing and/or UE movement might have impact on the requirements, but these are not only related to TCI state switching requirements. In other RRM requirements, e.g. cell identification, RLM, and L1-RSRP reporting, it is assumed that such measurements are performed with multiple samples, and this fact means that these final measurement results are derived from the past measurement results before 80 ms especially when long RS periodicity, e.g. 160 ms, is configured. Therefore, to specify too shorter value of the threshold between known and unknown TCI state condition only for the cases of TCI state switching would be meaningless, otherwise other RRM requirements would be contradictory because past measurement results before 80 ms are meaningless anymore. Indeed, finer beam refinement might be required for PDCCH/PDSCH reception than that for RRM measurement, however quite shorter threshold should be avoided from NW operation point of view. Therefore, we propose X = 320 ms since it is the largest value for L1-RSRP reporting periodicity as compromised value.
Proposal 1: Known TCI state should be also specified for PC2, 3 and 4.
· Definition of known TCI state could be based on L1-RSRP or L3-RSRP report made in [X] ms.
· Value of X should be 320 ms.
Delay requirements for known TCI state
Regarding DCI based TCI state switching, it was agreed that only known TCI state is defined and the requirements are based on RAN1 agreements at least for PC1. As proposed above, known TCI state should be also specified for the other PCs. Hence, the same requirements as PC1 could apply to PC2, 3, and 4.
For MAC based switching, requirements could be defined in similar manner as DCI based switching. In other words, known TCI state should be specified irrespective of PC and the condition could be defined based on the latest L1- or L3-RSRP reporting.
Proposal 2: For DCI and MAC based switching in case of known TCI, delay requirements which were agreed in RAN4#90bis should be applied irrespective of PC.
At the last RAN4 meeting, introducing RRC based TCI state switching requirements was agreed, but details of requirements were not fully discussed. Regarding the condition for known TCI state, the same definition could be also applied to RRC based switching. In terms of switching delay requirements, it could be defined based on RRC processing time, e.g. 10 ms, specified in TS 38.331. In the discussion on BWP switching requirements, it was agreed to introduce switching delay for RF preparation, RF tuning and so on in addition to RRC processing time specified in RAN2. However, for TCI state switching, it would not be necessary to specify additional delay for RRC based switching because UE does not need to perform RF tuning. Therefore, delay requirement for RRC based TCI state switching could be specified based on RAN2 definition.
Proposal 3: For RRC based TCI state switching in case of known TCI, switching delay should be defined based on RRC processing time specified in TS 38.331.
Delay requirements for unknown TCI state
In the discussion on MAC CE based TCI state switching, it was agreed that switching delay for unknown case may include time for L1-RSRP measurement. This agreement was made for PC1, but the same principle could apply to the other PCs and also to RRC based switching. On the other hand, based on the previous RAN4 agreement, only known TCI state is specified for DCI based switching, and hence, it is not necessary to define unknown TCI state requirement for DCI based switching. In terms of additional delay for L1-RSRP measurement, additional delay could correspond to measurement period for L1-RSRP measurement/reporting.
Proposal 4: Regardless of PC, requirements for unknown TCI state should be specified except for DCI based switching, which would include additional delay for L1-RSRP measurement.
Delay requirements for MAC based active TCI lists updating
It was also agreed that requirements for MAC based active TCI lists updating will be defined at the last RAN4 meeting. This requirement is related to the delay for changing activated TCI states to other non-activated TCI states configured via RRC. In our view, corresponding delay would be same as the time for TCI state activation specified in TS 38.214. This means that delay requirements for MAC based active TCI lists updating would be same as MAC based TCI state switching for known TCI state. Therefore, we propose that requirements for MAC based active TCI list updating should just follow RAN1 definition as same as MAC based TCI state switching requirement.
Proposal 5: Delay requirements for MAC based active TCI lists updating should follow RAN1 definition on MAC activation delay, i.e. THARQ + 3ms.
Interruption requirements
One remaining issue for interruption is whether and how to specify interruption requirements due to RRC based TCI state switching. In our view, as discussed in the offline session at the last RAN4 meeting, no interruption requirement is needed due to RRC based switching while NW could not do scheduling during RRC processing. In addition, in the current TS 38.133, there is no section and no requirements capturing scheduling restriction due to RRC reconfiguration. Hence, it would not be necessary to specify interruption requirements and scheduling restrictions due to RRC based TCI state switching.
Proposal 6: No need to specify interruption requirements due to RRC based TCI state switching.
3. Conclusion
In this contribution, we provided our views on remaining issues on TCI state switching requirements, and we made following proposals.
Proposal 1: Known TCI state should be also specified for PC2, 3 and 4.
· Definition of known TCI state could be based on L1-RSRP or L3-RSRP report made in [X] ms.
· Value of X should be 320 ms.
Proposal 2: For DCI and MAC based switching in case of known TCI, delay requirements which were agreed in RAN4#90bis should be applied irrespective of PC.
Proposal 3: For RRC based TCI state switching in case of known TCI, switching delay should be defined based on RRC processing time specified in TS 38.331.
Proposal 4: Regardless of PC, requirements for unknown TCI state should be specified except for DCI based switching, which would include additional delay for L1-RSRP measurement.
Proposal 5: Delay requirements for MAC based active TCI lists updating should follow RAN1 definition on MAC activation delay, i.e. THARQ + 3ms.
Proposal 6: No need to specify interruption requirements due to RRC based TCI state switching.
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