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1 Introduction
In RAN4#110 meeting, there are some remaining issues regarding to L1-RSRP measurement and TCI state activations. In this contribution, we will further discuss the issue.
2 Discussion
2.1 Multi-RX operation condition
In last meeting, multi-RX operation condition is still FFS.
	Issue 1-1-2: When is UE considered to be in multi-rx operation
Way forward: 
Companies may bring further analysis on whether one or more of the following conditions are needed to define the multi-RX operation condition
· UE is activated with dual TCI states
· UE sent valid Rel-17 group-based beam reporting (GBBR).
· multiRx-PreferenceFR2-r18




[bookmark: _Hlk161843109]In current RAN4 spec, multi-RX operation condition is FFS in different parts:
· Fast beam sweeping in L1-RSRP measurement
· Measurement restriction and Scheduling restriction in L1-RSRP measurement

Multi-RX operation condition for fast beam sweeping is specified as below:

	Table 9.5.4.1-2: Measurement period TL1-RSRP_Measurement_Period_SSB for FR2
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms) 

	non-DRX
	max(TReport, ceil(M*P*N)*TSSB)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB))

	DRX cycle > 320ms
	ceil(1.5*M*P*N)*TDRX

	Note:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.



-	M=1 if higher layer parameter timeRestrictionForChannelMeasurement is configured, and M=3 otherwise 
-	The value of N in Table 9.5.4.1-2 is [reducedRxBeamNum] for UE supporting [faster beam switching capability] and activated with multi-Rx operation, otherwise the value of N in Table 9.5.4.1-2 is 8.
	Editor note: FFS how to capture UE is activated with multi-Rx operation.




Multi-RX operation for measurement restriction is specified as below:
	For FR2-1, when the CSI-RS for L1-RSRP measurement on PCell is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on PCell, UE supporting [multi-Rx capability] shall be able to measure the CSI-RS for L1-RSRP measurement without restriction when the following conditions are met:
-	Both the CSI-RS for L1-RSRP and the other CSI-RS are not in any CSI-RS resource set configured with repetition ON, and
-	Resources of the active TCI states for two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report, and
-	[The two CSI-RSs and both PDSCHs are overlapped on the same OFDM symbol, and]
-	The CSI-RS for L1-RSRP has same QCL source as the active TCI state of one [PDSCH], and the other CSI-RS has same QCL source as the active TCI state of the other [PDSCH], and
Editor’s note 1: FFS the condition CSI-RS(s) and PDSCH(s) are overlapped on the same OFDM symbol(s).
Editor’s note 2: FFS how to capture UE is activated with multi-Rx operation.



[bookmark: _Hlk161843137]From our understanding, the multi-RX operation condition are different for these cases.
For fast beam sweeping, UE can apply multiple panels to speed up RX beam sweeping. It didn’t require that dual data has been transmitted from two TRPs. Therefore, the condition didn’t require that dual TCI state has been activated. Besides, it also needs to consider that measurement accuracy for each panel should satisfy the measurement accuracy requirement.
For measurement restriction and scheduling restriction, it requires that CSI-RS and data are QCL-ed. Therefore, the multi-RX condition should consider dual data transmission, i.e. UE is activated with dual TCI states.
Therefore, multi-RX operation condition for fast beam sweeping is:
· UE support Multi-RX capability
· multiRx-PreferenceFR2-r18 in UEAssistanceInformation is not equal to “single”
· L1-RSRP measurement accuracy requirement is satisfied for each panel
Multi-RX operation condition for measurement/scheduling restriction is:
· UE support Multi-RX capability
· multiRx-PreferenceFR2-r18 in UEAssistanceInformation is not equal to “single”
· UE is activated with dual TCI states.

[bookmark: _Hlk161843197]Proposal 1: Multi-RX operation condition for fast beam sweeping and measurement/scheduling restriction is different.
Proposal 2: Multi-RX operation condition for fast beam sweeping is:
· UE support Multi-RX capability
· multiRx-PreferenceFR2-r18 in UEAssistanceInformation is not equal to “single”
· L1-RSRP measurement accuracy requirement is satisfied for each panel
Proposal 3: Multi-RX operation condition for measurement/scheduling restriction is:
· UE support Multi-RX capability
· multiRx-PreferenceFR2-r18 in UEAssistanceInformation is not equal to “single”
· UE is activated with dual TCI states

2.2 MAC-CE based dual DL TCI state switching delay for sDCI

In current spec, MAC CE based dual TCI activation delay is defined for PDCCH TCI state switching delay. For sDCI in mTRP scenario, in RAN4 spec, the assumption is that one MAC CE will indicate dual TCI state switching for two CORESETs with different CORESET index p and q and the longest delay will be chosen between two TRPs, which is as below: 

	8.10E.3.1	MAC-CE based dual DL TCI state switching delay for sDCI
The requirement in this clause applies when UE is provided with twoQCLTypeDforPDCCHRepetition. 
When a MAC CE command indicating dual TCI state switch for two CORESETs with different CORSET index p and q (where the TCI states of CORESET p and q are QCLed with different QCL type-D RS), are received in slot n, and if the TCI states are known, UE shall be able to receive on the target TCI states at the first slot that is after slot n+ THARQ + + TOk*( max (Tfirst-SSBp, Tfirst-SSBq)  + TSSB-proc) / NR slot length. The UE shall be able to receive both PDCCH with the old TCI states until slot n+ THARQ +  ,




However, in RAN2 spec, one MAC CE indicating two TCI states switch of PDCCH only apply for sfnSchemePdcch scenario. While for PDCCH repetition scenario, one MAC CE based TCI state indication command is defined only for one CORESET. It means that for both sDCI and mDCI, there will be two MAC CE based TCI activations for PDCCH. The TCI state indication for PDCCH defined in RAN2 is as below:

	[bookmark: _Toc29239893][bookmark: _Toc37296292][bookmark: _Toc46490423][bookmark: _Toc52752118][bookmark: _Toc52796580][bookmark: _Toc155999788]6.1.3.15	TCI State Indication for UE-specific PDCCH MAC CE
The TCI State Indication for UE-specific PDCCH MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-1. It has a fixed size of 16 bits with following fields:
-	Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits. If the indicated Serving Cell is configured as part of a simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2 as specified in TS 38.331 [5], this MAC CE applies to all theServing Cells in the set simultaneousTCI-UpdateList1 or simultaneousTCI-UpdateList2, respectively;
-	CORESET ID: This field indicates a Control Resource Set identified with ControlResourceSetId as specified in TS 38.331 [5], for which the TCI State is being indicated. In case the value of the field is 0, the field refers to the Control Resource Set configured by controlResourceSetZero as specified in TS 38.331 [5]. The length of the field is 4 bits;
-	TCI State ID: This field indicates the TCI state identified by TCI-StateId as specified in TS 38.331 [5] applicable to the Control Resource Set identified by CORESET ID field. If the field of CORESET ID is set to 0, this field indicates a TCI-StateId for a TCI state of the first 64 TCI-states configured by tci-StatesToAddModList and tci-StatesToReleaseList in the PDSCH-Config in the active BWP or by dl-OrJoint-TCI-State-ToAddModList and dl-OrJoint-TCI-State-ToReleaseList in the PDSCH-Config in the active BWP or the reference BWP. If the field of CORESET ID is set to the other value than 0, this field indicates a TCI-StateId configured by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList in the controlResourceSet identified by the indicated CORESET ID. The length of the field is 7 bits.


Figure 6.1.3.15-1: TCI State Indication for UE-specific PDCCH MAC CE




Therefore, in current spec, the delay requirement for MAC CE based TCI state activation delay for sDCI needs to be modified. The requirement will be defined for each TRP respectively, similar as mDCI. 
The example modification is as below:
	[bookmark: _Hlk161671286]When a MAC CE command indicating a TCI state switch with CORESET index p is received at slot n, and if the TCI state is known, UE shall be able to receive on the target TCI state at the first slot that is after slot n+ THARQ + + TOk*( Tfirst-SSBp, + TSSB-proc) / NR slot length. The UE shall be able to receive PDCCH with the old TCI states until slot n+ THARQ + .



Proposal 4: MAC-CE based dual DL TCI state switching delay for sDCI needs to be defined for each TRP respectively.

2.3 Known condition 
In last meeting, the known condition for mDCI is still open:
	Issue 2-3-1: Definition of known condition
There is proposal to change the definition of know condition.
· FFS following proposals
· Proposal 1: No additional conditions are needed for known TCI dual TCI states and legacy known conditions is reused for m-DCI. 
· Proposal 2: Clarify the Dual TCI states are following. 
· Two TCI states in single MAC CE based TCI activation command for sDCI, or
· Two TCI states in two separate MAC CE based TCI activation commands for mDCI
· Proposal 3: Update the known dual TCI state conditions with: In m-DCI, when the UE receives a TCI state switch command for one CORESETPoolIndex while the TCI state for the other CORESETPoolIndex is not switched, the target TCI state shall be QCL-ed with type D to a RS of a resource pair within one group of which the other RS has a QCL type D relation to the TCI state not being switched


In current RAN4 spec, known condition is used in several cases:
· MAC-CE based dual DL TCI state switching delay for sDCI and mDCI
· DCI based dual DL TCI state switching delay for sDCI and mDCI
· Active DL TCI state list update delay for sDCI and mDCI
Some company mentioned that for mDCI, the legacy known condition can be re-used and the introduction part has provided solutions. However, in the introduction part, it only mentioned that the requirement will apply when dual target TCI states are known. It’s still not clear what does dual TCI states mean if there is only TCI state in one TCI activation command. For example, when we define requirement for MAC CE based TCI state or TCI state list update delay in mDCI, the requirement is defined for each MAC CE command respectively. There are no dual TCI states.
Therefore, it’s better to clarify where dual TCI states come from in introduction part or known condition part. As explained in clause 2.1, for PDCCH TCI activation in sDCI, there are also two separate commands. We can’t differentiate whether there is single or dual TCI states in one command by sDCI or mDCI. One simple solution is that we only need to add clarification that dual TCI states may be indicated in one or two TCI state switching command.
The example of modification is as below:
	Dual TCI states will be indicated in one or two TCI state switch commands. The dual TCI states are known if the following conditions are met:
-	Dual TCI states are QCL-ed with typeD to the latest reported beam pair (i.e., RS resources group) within one group
-	The dual TCI states and all the RSs in the two QCL chains remain detectable during the TCI state switching period
-	SNR of the TCI state ≥ -3dB
-	RS resource pair configured for dual TCI states is reported in last [1280]ms
Editor’s note: FFS whether additional conditions are needed for tests.


In this way, the known condition can apply for both sDCI and mDCI.
Proposal 5: Add clarification for dual TCI state in introduction or known condition, i.e. Dual TCI states may be indicated in one or two TCI state switch command.

3 Conclusion
In this contribution, we provide the following proposals:
Proposal 1: Multi-RX operation condition for fast beam sweeping and measurement/scheduling restriction is different.
Proposal 2: Multi-RX operation condition for fast beam sweeping is:
· UE support Multi-RX capability
· multiRx-PreferenceFR2-r18 in UEAssistanceInformation is not equal to “single”
· L1-RSRP measurement accuracy requirement is satisfied for each panel
Proposal 3: Multi-RX operation condition for measurement/scheduling restriction is:
· UE support Multi-RX capability
· multiRx-PreferenceFR2-r18 in UEAssistanceInformation is not equal to “single”
· UE is activated with dual TCI states

Proposal 4: MAC-CE based dual DL TCI state switching delay for sDCI needs to be defined for each TRP respectively.
Proposal 5: Add clarification for dual TCI state in introduction or known condition, i.e. Dual TCI states may be indicated in one or two TCI state switch command.
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