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1. Introduction
In RAN#95e meeting, the Rel-18 FR2 multi-RX DL reception work item was approved [1] and in RAN#96e meeting the objectives were revised by updating relevant RF objective for spherical coverage [2]. And then in RAN#98e meeting, the RRM objectives contained in the WID were revised [3]. In last meeting, the RRM requirements for NR FR2 multi-Rx chain DL reception TCI state switch have been discussed, several typical issues were referred to and multiple of them are still suspending[4]. In this contribution, we would like to further provide our analysis on one of the remaining issues.
· MAC CE based TCI state switch: sDCI PDCCH repetition
2. Discussion
2.1 MAC CE based TCI state switch: sDCI PDCCH repetition
In the previous #107 and pre sync-up meetings, the following agreement and Recommended WF were obtained, which are duplicated as below
	Agreements achieved in [R4-2310047] 
Issue 2-3-1-2: sDCI PDCCH repetition
<Agreement>
For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition, the requirement is defined with the delay in current requirement [+ [250]us additional delay].
Recommended WF in pre sync-up meeting
· Recommended WF
· the legacy delay requirements apply if 
· if target dual TCI states are in the active TCI state list [or if at least one codepoint mapped to dual TCI states are configured in the active TCI state list], or
· if Tfirst_SSB is longer than [250]us when T/F tracking is needed. 
· Otherwise, [250]us additional delay is considered


Since the s-DCI PDCCH repetition is introduced into the requirements analysis, the situation becomes more complicated. First, we would like to give some analysis on PDCCH repetition. 
2.1.1 Background and discussion on PDCCH repetition
Actually, PDCCH repetition was agreed in RAN1 #103-e for multi-TRP PDCCH reliability enhancements, where the two PDCCH candidates have the same AL, comprise of the same DCI contents, consist of the same coded bits and the number of CCEs, and are explicitly linked so that UE could know the linkage before decoding. Besides, the Alt. 3: two SS sets associated with corresponding CORESETs was accepted as the work assumption, which can flexibly support TDM, FDM and TDM+FDM based enhanced PDCCH transmission scheme. The linkage between PDCCH candidates (in a given SS Set) and the linkage between SS Sets are shown in Fig.1.
[image: ]
Fig. 1 PDCCH repetition illustration
Furthermore in Rel-17, the multi-panel operation is introduced, the simultaneous reception of two QCL-Type D is allowed, in RAN1 #104bis-e, the below agreement was reached
	RAN1 #104bis-e [R1-2103915] 
<Agreement>
For a UE supporting reception with two different beams, support identifying two QCL-TypeD properties for multiple overlapping CORESETs
· FFS: How to enhance existing QCL-TypeD priority rules for overlapping CORESETs
· Note: The primary goal of this enhancement for the purpose of this sub-AI is to support time-overlapping PDCCH repetitions in FR2.


And then in the following meetings, the QCL-Type D priority rule for overlapping CORESETs is discussed and enhanced to support two QCL-Type D for the linked candidates and guarantee always monitoring both candidates as an enhanced scheme, in #106bis-e, the following agreements was reached.
	RAN1 #106bis-e [R1-2110440] 
<Agreement>
For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple monitored overlapping CORESETs, support
· Alt2: Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a SS set with the first QCL-TypeD (among the multiple overlapping CORESETs)
· In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
· In the case of no such SS set pair, a second QCL-TypeD is not determined
· Note 1: simultaneous two beam reception for PDCCH repetition is UE optional
· Note 2: It can be separately discussed whether/how this feature interacts with multi-DCI based mTRP or with SFN PDCCH


However, based on the above analysis, although for PDCCH repetition, PDCCH could be received simultaneously with different QCL Type-D, the essence of introducing the scheme in Rel-17 is to improve reliability, which is out of scope of Rel-18 RRM Multi-Rx WI. And actually the PDCCH repetition is not contained in the objectives of this WI.
Observation 1: Based on RAN1 discussion, the essence of introducing PDCCH repetition (enhanced PDCCH) in Rel-17 is to improve reliability, which is out of scope of Rel-18 RRM Multi-Rx WI
2.1.2 Requirements for sDCI PDCCH repetition
Lots of linkage/association between PDCCH candidates/ SS Sets should be considered in PDCCH repetition, how to define the dual TCI in the context of PDCCH repetition in RAN4 RRM is not clear. Besides, there are two critical issues to be discussed in sDCI PDCCH repetition RRM: what is the (delay) requirement impact when 1) one of the linked PDCCH candidates is dropped due to the “count one” mechanism; or 2) the SS Set with higher ID is dropped by overbooking. We do not think such issues can be clearly specified in short time. From this, if RAN4 agree to introduce sDCI PDCCH repetition in MAC CE based TCI state switch, we think
Proposal 1: If sDCI PDCCH repetition is agreed to be considered in the MAC-CE based PDCCH TCI state switch requirement for Rel-18 Multi-Rx WI, RAN4 need to clarify the necessity and applicability of introducing it. 
Actually, from our understanding, if the PDCCH repetition (the linkage of SS Sets) is considered, the mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' may need to be re-defined, since the case: one codepoint mapped to dual TCI states would be considered. And the consequent questions are: 1) How to/Whether to re-define the active TCI state list; and 2) How to gauge whether the target dual TCI state is in the active TCI state list, the three possible cases to be considered is shown in Fig.2. Considering that the timeline of Rel-18 Multi-Rx RRM part is limited and the analyses of above questions are complicated and controversial, there is no need to discuss the detailed requirements in Recommended WF.
[image: ]
Fig. 2 Cases on whether the target dual TCI states are in the active TCI state list
Proposal 2: There is no need to discuss the applicable condition of delay requirements in Recommended WF for sDCI PDCCH repetition. 
· The related applicable condition discussion shall be postponed until there is sufficient progress on requirements
2.1.3 Additional delay
[bookmark: _GoBack]Some companies reckon that an additional delay [250]us should be introduced into the current delay requirement. But we do not feel compelled to consider the additional delay, the reasons are:1) the duration of [250]us is too long for 120 kHz (28 symbols) FR2, interruption issues may arise; 2) The practical meaning of the value is ambiguous, whether it refers to transition time (RF aspects/baseband aspects), or RF tuning/retuning is not very clear. 3) For PDCCH repetition, the TCI state of each CORESET is still controlled by separate MAC-CE, following TCI State Indication for UE-specific PDCCH MAC CE specified in Section 6.1.3.15 TS 38.321, there is no need to consider additional delay since the same delay is not considered in the Issue: sDCI non-SFN without PDCCH repetition
Proposal 3: There is no need to consider [250]us additional delay in MAC-CE based PDCCH TCI state switch for sDCI PDCCH repetition. 
3. Conclusion
In this contribution, we provided our viewpoints on the TCI state switch for FR2 multi-RX DL reception for this work item, accordingly the following observations and proposals are obtained: 
Observation 1: Based on RAN1 discussion, the essence of introducing PDCCH repetition (enhanced PDCCH) in Rel-17 is to improve reliability, which is out of scope of Rel-18 RRM Multi-Rx WI
Proposal 1: If sDCI PDCCH repetition is agreed to be considered in the MAC-CE based PDCCH TCI state switch requirement for Rel-18 Multi-Rx WI, RAN4 need to clarify the necessity and applicability of introducing it. 
Proposal 2: There is no need to discuss the applicable condition of delay requirements in Recommended WF for sDCI PDCCH repetition. 
· The related applicable condition discussion shall be postponed until there is sufficient progress on requirements
Proposal 3: There is no need to consider [250]us additional delay in MAC-CE based PDCCH TCI state switch for sDCI PDCCH repetition. 
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