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1. Introduction
In last RAN4 meeting, the RRM impacts of NR FR2 multi-Rx chain DL reception were further discussed, with agreement captured in [1][2]. The scope and scenarios were further clarified. In this paper, we further provide our views on the scope and RRM impacts of dual TCI switching.
2. Discussion
[bookmark: _Hlk129698183]2.1 DCI based TCI switching
For DCI-based TCI switching in sDCI, another remaining issue is whether to consider TCI switching delay for dual TCI to single TCI when target TCI is one of the source TCI with following proposals. 
	Issue 2-1-3: Other proposals for further discussion
FFS:
· For DCI-based TCI state switching for sDCI, there is no TCI state switching delay for the case from dual TCI to single TCI state switch when the target TCI is one of the source TCI (e.g. [RS1, RS2] to [RS1]), when UE is configured with GBBR and is NOT configured with non-GBBR.  




For dual to single, if the target TCI is one of the source TCI (e.g. (SSB0, SSB10) to (SSB0)), whether the time for beam application is needed shall be further investigated. It is more like the switch from mTRP mode to sTRP mode. 
For dual TCI to single TCI, which is targeting following scenarios:
· Case 1: UE is still in mTRP mode while the data demand declines and NW switch the dual TCI to single TCI
· Case 2: UE is out of mTRP mode and enter sTRP mode
For above two cases, the TCI switching shall be considered differently. For case 1, UE shall be prepared for simultaneous reception since it is still in mTRP mode. In this case, there is no addition efforts from UE side and the time to apply the TCI state may not needed. For the second case, UE may use the beam for sTRP where the beam for the target TCI state for sTRP may be different from the one in the dual TCI and time to apply the TCI state shall be considered.
Observation 1: For dual TCI to single TCI when the target TCI is one of the source TCI (e.g. [RS1,RS2] to [RS1]), whether UE needs time to apply the TCI states depends on whether UE is still in mTRP mode.
Observation 2:
If UE deems that it is in mTRP mode, and dual TCI states are only temporarily switched to single TCI states, then there is no addition operations and no delay is needed at all.
If UE deems that it is switched to sTRP mode, UE needs to use the beam for sTRP. Then beam application time is still needed. (e.g. UE may use different beam for RS1 before and after TCI state switch)
However, there is no clear indication nor conditions on when UE is in mTRP mode or sTRP mode. From UE sides, UE cannot tell the two cases when UE receives DCI triggering TCI state switching. Since it was agreed to use GBBR as the prerequisite for simultaneous reception, it is reasonable to rely on whether UE is configured with GBBR. For instance, if UE is configured with GBBR, we can assume that UE is in mTRP scenarios for simultaneous reception. However, if UE is configured with non-GBBR, it is possible the UE will be switched to sTRP mode and UE shall be able/allowed to use the beam for sTRP.
Proposal 1: For sDCI, for dual TCI to single TCI when the target TCI is one of the source TCI (e.g. [RS1,RS2] to [RS1]), there is no TCI switching delay when UE is configured with GBBR and is NOT configured with non-GBBR. 
[image: ]For dual TCI state switching for mDCI, RAN4 sent an LS [3] to RAN1 to clarify the applicability for cross TRP time restriction. For the case when the time span between DCI scheduling the TCI state switching and PDSCH from different TRPs is less than timeDurationforQcl, whether it is feasible will be discussed in RAN1. Thus, the requirements shall apply when the intervals between DCI and PDSCH from different TRPs are no less than timeDurationForQCL. For the case when the intervals are less than timeDurationForQCl, RAN4 shall wait for RAN1 feedback.
Fig. 1 Simultaneous reception in mDCI.
Proposal 2: In mDCI scenarios, for dual TCI states switching for simultaneous PDSCH reception, the requirements shall apply when the intervals between DCI and PDSCH from different TRPs are no less than timeDurationForQCL. For the case when the intervals are less than timeDurationForQCl, RAN4 shall wait for RAN1 feedback.
2.2 MAC CE based TCI switching
For sDCI MAC CE based TCI state switching, the status is summarized as follows. The remaining issue is whether and how to define TCI state delay requirements when the target TCI state are not in the active TCI state list.
	Issue 2-3-1: MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition
Agreement:
· For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition [where two MAC-CEs are received in one slot], the legacy delay requirements apply if following conditions are met.
· Target dual TCI states are in the active TCI state list; or 
· If target dual TCI states are NOT in the active TCI state list and [Tfirst_SSB] is longer than [125]us, where Tfirst_SSB is the shorter one between Tfirst-SSB1 and Tfirst_SSB2. 
· FFS if requirements should be defined for the case.
· Otherwise, [125] µs additional delay is considered



From our understanding, when the dual TCI state is no in the active TCI state list, it is possible that UE need panel switching for the target TCI. However, based on agreements reached so far, RAN4 only define requirements for known case, which means the target TCI state are based on the latest GBBR reporting.
Observation 3: Only known TCI state switching requirements are considered in Rel-18 Multi-Rx, which the target TCI shall be QCL-ed with the latest reported GBBR.
Based on above observation, we think the panel operation may be not necessary. Based on the discussion in previous meeting, companies have diverse understanding on the time needed for panel activation/switching, thus, it is hard to conclude on a concrete value which is [125] us in the latest WF. Consider that PDCCH repetition is a special case for mTRP, thus it is proposed to only define requirements when target dual TCI states are in the active TCI state list.
Proposal 3: For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition, only define requirements when target dual TCI states are in the active TCI state list.
2.3 Known condition
RAN4 reached the agreement for known conditions as follows:
	Agreements:
· Dual TCI states are known if the
· dual TCI states are QCL-ed to reported beam pair (i.e., RS resources pair) within one group
· All the RSs in the QCL chain remain detectable
· The dual TCI states remains detectable during the TCI state switching period
· RSs configured for dual TCI states are reported in last [1280]ms
Note: FFS whether additional conditions are needed for tests.



As discussed in previous meeting, it does not make any sense for NW to configured a pair of TCI state which NW has no idea about whether UE can receive simultaneously. Thus, it is agreed that only known case are considered for all TCI state switching, and the target TCI state are QCL-ed to reported beam pair (one group reported via GBBR). In general, the enhancement related to Multi-Rx are highly depending on GBBR to establish the reliable understanding between gNB and UE on the feasible beam pairs. Consider the case that UE is moving, and the reported GBBR may change time to time, which means the selected panels for simultaneous reception is also changing. Thus, to avoid that the target TCI is configured based on out-of-dated GBBR, it is suggested to clarify that the dual TCI states are QCL-ed to the latest reported beam pair within one group of GBBR.
Proposal 4: The dual TCI states are QCL-ed to the latest reported beam pair within one group of GBBR.
Proposal 5: Only consider known TCI state switching for Rel-18 Multi-Rx. 
For clarification, proposal 5 is just to summarize the agreements achieved in different meetings for different cases. 
3. Conclusions
Observation 1: For dual TCI to single TCI when the target TCI is one of the source TCI (e.g. [RS1,RS2] to [RS1]), whether UE needs time to apply the TCI states depends on whether UE is still in mTRP mode.
Observation 2:
If UE deems that it is in mTRP mode, and dual TCI states are only temporarily switched to single TCI states, then there is no addition operations and no delay is needed at all.
If UE deems that it is switched to sTRP mode, UE needs to use the beam for sTRP. Then beam application time is still needed. (e.g. UE may use different beam for RS1 before and after TCI state switch)
Proposal 1: For sDCI, for dual TCI to single TCI when the target TCI is one of the source TCI (e.g. [RS1,RS2] to [RS1]), there is no TCI switching delay when UE is configured with GBBR and is NOT configured with non-GBBR. 
Proposal 2: In mDCI scenarios, for dual TCI states switching for simultaneous PDSCH reception, the requirements shall apply when the intervals between DCI and PDSCH from different TRPs are no less than timeDurationForQCL. For the case when the intervals are less than timeDurationForQCl, RAN4 shall wait for RAN1 feedback.
Observation 3: Only known TCI state switching requirements are considered in Rel-18 Multi-Rx, which the target TCI shall be QCL-ed with the latest reported GBBR.
Proposal 3: For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition, only define requirements when target dual TCI states are in the active TCI state list.
Proposal 4: The dual TCI states are QCL-ed to the latest reported beam pair within one group of GBBR.
[bookmark: _GoBack]Proposal 5: Only consider known TCI state switching for Rel-18 Multi-Rx. 
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