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1. Introduction
During the RAN4#104-bi-e meeting the multi-RX chain topic has been fully discussed. The scenarios, known conditions as well as the delay requirements have been fully discussed while no agreement have been reached yet with the WF captured in [1]. In this paper, we give further discussion on this topic.
2. Discussion
For the requirements and scenarios, it has been agreed that the scenarios w.r.t Intra-cell/Inter-cell m-TRP and s-DCI/m-DCI should follow the general part discussion. We have discussed this issue in our companion paper and to make progress, the following TCI state switching scenarios will be based on both Intra-cell and Inter-cell as well as both s-DCI and m-DCI to be considered.
Issue 1-2-2-1: When two TCI states are switched simultaneously, assumption on the switch commands  
Agreements: 
· Wait for conclusion on scenarios in other thread w.r.t sDCI vs mDCI.  
Candidate options for next meeting:
·   Option 1 (Vivo, Huawei): requirements are defined for following modes of switching 
· Two DCI one for each TCI state (PDSCH multiple DCI)
· Two MAC CE one for each TCI state (PDCCH non-SFN)
· One DCI for two TCI states (PDSCH single DCI)
· One MAC CE for two TCI states (PDCCH SFN)
· Other options not precluded

The switch commands have been proposed as below. Since both s-DCI and m-DCI will be considered, for the TCI states switching of PDSCH, the s-DCI and m-DCI should be supported. For the MAC-CE based TCI state switching, the PDCCH with two MAC CE (one for each TCI state) or single MAC CE (one for both TCI state) will be supported. The enhanced TCI state indication for UE-specific PDCCH MAC-CE is introduced as specified in TS 38.321 sub-clause 6.1.3.44 and captured as also below: 
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With the above discussion, the switching commands options from last meeting can be agreed.
Proposal 1: To agree on the following options as:
·   Option 1 (Vivo, Huawei): requirements are defined for following modes of switching 
· Two DCI one for each TCI state (PDSCH multiple DCI)
· Two MAC CE one for each TCI state (PDCCH non-SFN)
· One DCI for two TCI states (PDSCH single DCI)
· One MAC CE for two TCI states (PDCCH SFN)
From the above proposal, further discussion on the scenarios can be defined. We have proposed the proposal 1 as listed below in the last meeting which contains single TCI state, s-DCI and m-DCI three situations and the switching from each other hence 8 scenarios are proposed. 
Issue 1-2-2-2: TCI state switch scenarios to be considered    
Agreements: 
· Waiting for the scenario’s conclusion in other thread w.r.t sDCI vs mDCI
· FFS on the definition of dual TCI state switching. Companies are requested bring their views to next meeting

Candidate options for next meeting:
· Proposal 1 (Xiaomi):
· 1, Single TCI state to Dual TCI state within one MAC CE
· 2, Single TCI state to Dual TCI state with two MAC CE
· 3, Dual TCI state within one MAC CE to Single TCI state
· 4, Dual TCI state with two MAC CE to Single TCI state
· 5, Dual TCI state with one MAC CE to Dual TCI state with two MAC CE
· 6, Dual TCI state with two MAC CE to Dual TCI state with one MAC CE
· 7, Dual TCI state with one MAC CE to Dual TCI state with one MAC CE
· 8, Dual TCI state with two MAC CE to Dual TCI state with two MAC CE
· Proposal 2 (Huawei): The definition of dual TCI state switch shall be clarified considering following cases:
· Single TCI to dual TCI
· Dual TCI to single TCI
· Dual TCI with changes of both QCL Type D RSs
· Dual TCI with change of only one of QCL type D RS.
· Other proposals not precluded

For MAC-CE based switching, this will be applied from single TCI state to PDCCH SFN with one MAC CE (one for two TCI state) which is scenario 1 listed above and single TCI state to PDCCH non-SFN with two MAC CE (one for each TCI state) which is scenario 2 listed above. Scenario 3 and scenario 4 is the reverse direction of the switching for scenario 1 and 2. 
Observation 1: For MAC-CE based switching, scenario 1 and 2 is the switching from single TCI to dual TCI and scenario 3 and 4 is the reverse direction of switching for scenario 1 and 2.
Furthermore, the switching from PDCCH SFN with one MAC CE (one for two TCI state) to PDCCH non-SFN with two MAC CE (one for each TCI state) is scenario 5 and scenario 6 is the reverse direction of the switching for scenario 5. However, it seems that scenario 5 and 6 is not needed since currently we are discussing the single carrier enhancement and the PDCCH SFN switching to PDCCH non-SFN should not be a valid scenario.
Observation 2: For MAC-CE based switching, scenario 5 and 6 should be ignored.
For scenario 7 and 8, this is the dual TCI state switching for PDCCH SFN to PDCCH SFN with new TCI states and PDCCH non-SFN to PDCCH non-SFN with new TCI states. Based on the number of new TCI states of the two TCI states we can further discuss the requirement enhancement.
Observation 3: For MAC-CE based switching, scenario 7 and 8 are for PDCCH non-SFN and PDCCH SFN respectively.
With the observation 1, 2 and 3 above, the scenarios for MAC CE based switching will be limited to scenario 1,2,3,4,7,8 and the corresponding requirement can be further discussed.
Proposal 1: For MAC-CE based switching, agree on the scenario 1,2,3,4,7,8 and further discuss the requirements.
For scenario 1, since the only one enhanced MAC CE for TCI state indication for PDCCH SFN will be received, then the UE will proceed the MAC CE and the two TCI states indicated by the single MAC CE will be got by UE after decoding the MAC-CE. Furthermore, the two TCI states indicated by the single MAC-CE might be known or un-known to UE. Currently the MAC-CE based TCI state switch delay is different based on the target TCI state is known or un-known. For easier of discussion, we denote the original TCI state as TCI state 0 and the two target TCI state as TCI state 1 and TCI state 2. If the TCI state 1 and TCI state 2 are both known, then the legacy MAC-CE based TCI state switch delay requirement for known condition can be applied.
Observation 4: For scenario 1, if the target TCI state are both known, the legacy MAC-CE based TCI state switch delay requirement for known condition can be applied.
If one of the TCI state 1 and 2 is known and the other is un-known, then the switching time from TCI state 0 to TCI state 1 and 2 are different. Since the scenario 1 is based on one MAC-CE, the switching delay is assumed as the longest one for the two TCI states and hence the TCI state switch delay requirement for un-known condition applies. 
If both of the target TCI state 1 and 2 are un-known, then the legacy TCI state switch delay requirement for un-known condition applies.
Observation 5: For scenario 1, if one of or both the target TCI state is un-known, then the legacy TCI state switch delay requirement for un-known condition applies.
For scenario 2, the legacy switching requirement for each RX chain should apply.
For scenario 3 and 4, since the switching is for dual TCI state to one TCI state, the legacy switching requirement can apply.
Observation 6: For scenario 2, the legacy switching requirement for each RX chain should apply and for scenario 3 and 4, the legacy switching requirement can apply.
For scenario 7, the similar discussion for scenario 1 can be applied which is based on the target TCI state known and un-known condition. Similarly, if the target TCI state are both known, the legacy MAC-CE based TCI state switch delay requirement for known condition can be applied. Otherwise, if one of or both the target TCI state is un-known, then the legacy TCI state switch delay requirement for un-known condition applies.
For scenario 8, the legacy switching requirement for each RX chain should apply.
Observation 7: For scenario 7, similar conclusion of scenario 1 can apply.
Observation 8: For scenario 8, the legacy switching requirement for each RX chain should apply.
In conclusion, with the scenarios discussed, a simplified requirement can be finalized as:
Proposal 2: To agree on the below table for requirements and scenarios:
	Original TCI state
	Target TCI state
	Requirement

	Single TCI
Dual TCI for PDCCH SFN
	Dual TCI for PDCCH SFN both known
	Legacy known requirement apply

	
	Dual TCI for PDCCH SFN one or both un-known
	Legacy un-known requirement apply

	Single TCI 
Dual TCI for PDCCH non-SFN
	Dual TCI for PDCCH non-SFN 
	Legacy requirement for each RX chain apply

	Dual TCI for PDCCH SFN 
Dual TCI for PDCCH non-SFN
	Single TCI 
	Legacy requirement apply



3	Conclusions
In this paper, we give further discussion on the anechoic chamber test methodology, the observations and proposals are captured as below:
Proposal 1: To agree on the following options as:
·   Option 1 (Vivo, Huawei): requirements are defined for following modes of switching 
· Two DCI one for each TCI state (PDSCH multiple DCI)
· Two MAC CE one for each TCI state (PDCCH non-SFN)
· One DCI for two TCI states (PDSCH single DCI)
· One MAC CE for two TCI states (PDCCH SFN)
Observation 1: For MAC-CE based switching, scenario 1 and 2 is the switching from single TCI to dual TCI and scenario 3 and 4 is the reverse direction of switching for scenario 1 and 2.
Observation 2: For MAC-CE based switching, scenario 5 and 6 should be ignored.
Observation 3: For MAC-CE based switching, scenario 7 and 8 are for PDCCH non-SFN and PDCCH SFN respectively.
Observation 4: For scenario 1, if the target TCI state are both known, the legacy MAC-CE based TCI state switch delay requirement for known condition can be applied.
Observation 5: For scenario 1, if one of or both the target TCI state is un-known, then the legacy TCI state switch delay requirement for un-known condition applies.
Observation 6: For scenario 2, the legacy switching requirement for each RX chain should apply and for scenario 3 and 4, the legacy switching requirement can apply.
Observation 7: For scenario 7, similar conclusion of scenario 1 can apply.
Observation 8: For scenario 8, the legacy switching requirement for each RX chain should apply.
Proposal 2: To agree on the below table for requirements and scenarios:
	Original TCI state
	Target TCI state
	Requirement

	Single TCI
Dual TCI for PDCCH SFN
	Dual TCI for PDCCH SFN both known
	Legacy known requirement apply

	
	Dual TCI for PDCCH SFN one or both un-known
	Legacy un-known requirement apply

	Single TCI 
Dual TCI for PDCCH non-SFN
	Dual TCI for PDCCH non-SFN 
	Legacy requirement for each RX chain apply

	Dual TCI for PDCCH SFN 
Dual TCI for PDCCH non-SFN
	Single TCI 
	Legacy requirement apply
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Figure 6.1.3.44-1: Enhanced TCI States Indication for UE-specific PDCCH MAC CE





