3GPP TSG-RAN WG4 Meeting #110bis 	R4-2405524
Changsha, China, 15th – 19th April, 2024
Agenda Item:	6.3.2
Source: 	Ericsson
Title:	On remaining core requirements issues for multi-rx
Document for:	Discussion
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The latest agreed WF on multi-rx is in [25].
Discussion
Conitions for faster beam sweeping activation
From [25], the following options discussed for faster beam sweeping activation:
Conditions for faster beam sweeping
· FFS following options
· Option 1: 
· Fast beam sweeping is activated only when the UE is in multi-RX operation.
· Option 2: 
· Fast beam sweeping due to multi-Rx is always activated.
· Option 3:
· The following two conditions are needed when applying faster beam sweeping:
· UE supports the multi-Rx capability
· UE does not report the preference indication on one panel via UAI

Faster beam sweeping due to multi-rx shall be considered to be always activated for UEs supporting this capability.

Proposal 1:  Faster beam sweeping due to multi-rx is considered to be always activated for UEs supporting this capability, no need to mention the activation in the requirements for faster beam sweeping.

Measurement restrictions and scheduling availability for L1 measurements and procedures
Scheduling availability
In last meeting following was FFS and captured as editor note in the specification:
The CSI-RS and only one of the PDSCHs with different QCLed typeD are on the same OFDM symbol(s)
In RAN4 when we define scheduling restriction, generally from the NW scheduling point of view, we do not schedule the UE on scheduling restriction region to save radio resources. We understand the UE point of view that when both PDSCH are not scheduled, UE would like to use those occasions to operate in single beam instead of beam pair for some of the L1 procedures such as RLM and BFD. However, we would like to highlight the issues from NW point of view if we take such a dynamic approach of deciding scheduling restriction relaxation.
In sDCI case, since it is single scheduler that schedules both the TRPs, (i.e., CSI-RS and PDSCH,) it is easy for NW to not schedule PDSCH when the data on both the TRP is not present. However, for mDCI case, as per RAN1 assumption, coordination between TRP is semi-static. That means there is no slot level coordination available between TRP for mDCI case. In this scenario, if we design dynamic UE behaviour of relaxing scheduling restriction when both PDSCH is there and applying scheduling restriction when both PDSCH are not scheduled makes very difficult for NW to schedule the radio resources. In many cases there could be wastage of scheduling of PDSCH on the other TRP if the one TRP is not scheduled with data. To avoid wastage of resource scheduling, for mDCI we suggest relaxing scheduling restriction even when both PDSCH are not present. 
Proposal 2:  Scheduling restriction can be relaxed for CSI-RS based L1 measurements for multi-Rx under following conditions:
· The CSI-RS is not in a CSI-RS resource set with repetition ON.
· The CSI-RS has same QCL source as the active TCI state of one of the PDSCHs and has different QCL-TypeD from the other PDSCH.
· For sDCI, The CSI-RS and both of the PDSCHs are on the same OFDM symbol(s).
· For mDCI, The CSI-RS and any one of the PDSCHs with different QCLed typeD are on the same OFDM symbol(s)
· Resources of the active TCI states for the two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report.

We make also the following observations on scheduling availability for cell-specific and TRP-specific CBD:
· Observation 1: For cell-specific CBD under multi-rx operation, measurement restrictions requirements were introduced in RAN4#109, but not scheduling availability enhancements which were missing in the endorsed big CR R4-2321636.
· Observation 2: For TRP-specific CBD under multi-rx operation, measurement restrictions requirements were introduced in RAN4#109, but not scheduling availability enhancements which were missing in the endorsed big CR R4-2321636.
Proposal 3:  Cell-specific CBD enhancements for scheduling availability in FR2-1 are captured in section 8.5.8.3.
Proposal 4:  TRP-specific CBD enhancements for scheduling availability in FR2-1 are captured in section 8.18.9.3.

Measurement restrictions
Following WF is agreed in last meeting.
Conditions that measurement restriction for CSI-RS based L1 measurements can be relaxed for multi-Rx
· Both CSI-RSs are not in any CSI-RS resource set with repetition ON
·  [The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol].
· One CSI-RS 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
· Resources of the active TCI states for the two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report.
·  [FFS how to capture UE is activated with multi-Rx operation]

As we discussed in scheduling restriction, we think scheduling issue and wastage of radio resources for mDCI case exists for measurement restriction too. Based on the scheduling restriction proposal, we suggest following proposal for measurement restriction. 
Proposal 5:  Measurement restriction for CSI-RS based L1 measurements can be relaxed for multi-Rx under following conditions
· Both CSI-RSs are not in any CSI-RS resource set with repetition ON
· For sDCI, the two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol.
· For mDCI, two CSI-RS resources and any one of the PDSCH are overlapped on the same OFDM symbol.
· One CSI-RS 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
· Resources of the active TCI states for the two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report.
DCI based TCI state switch
In last meeting some of the issues are open pending on the RAN1 reply LS. RAN1 reply [3] is copied below for reference.

	RAN1 thanks RAN4 for the LS on Dual TCI state switching in mDCI and would like to provide the following response.
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[bookmark: _Ref146789651]Figure 1: Example mDCI scenario

Question1-1: 
For the scenario depicted in Figure 1, is there any minimum duration defined in RAN1 specifications between point B and point C?

Answer: 
There is no restriction on the duration between point B and C.
Question 1-2:
What is the expected UE behaviour after point C?

Answer: 
After point C, the UE would receive PDSCH0 using the TCI state conveyed in DCI0. At point D, the UE would receive PDSCH1 using the TCI state conveyed in DCI1.

Question 1-3:
Does RAN1 sees the need to define such minimum duration between B and C to address potential UE implementation complexity for some UE implementations?

Answer: 
No, RAN1 did not have a discussion on whether such restriction is necessary when the feature was specified in Rel-16.



Based on our understanding of RAN1 response, we think DCI based dual TCI state switching requirements for mDCI is independent for each TCI state. However, after Point C if the new TCI state 0 and old TCI state 1 cannot be received simultaneously, since Ran1 did not respond to that question, we think RAN4 need to define behaviour for that scenario. We think UE can receive on single TCI state during transition period (i.e., between C and D) if the new TCI state and old TCI state are not a beam pair. The one TCI state UE should be receiving between point C and D if UE cannot receive on both TCI states should be the new TCI state. 
Proposal 6:  For mDCI based dual DCI state switch, TCI state switch on each coreset is independent without any restriction on the DCI reception. 
Proposal 7:  Between point C and D, UE to receive on TCI state 0 alone, if new TCI state 0 and old TCI state 1 are not in a beam pair. 
UE feature list
In last meeting UE feature list was discussed but there is open issue on the Note in the below table.
Table 1:
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	30. NR_FR2_multiRX_DL
	30-1
	Supports scheduling restriction relaxation and measurement restriction relaxation
	· Supports simultaneous reception of CSI-RS for layer 1 measurement and PDSCH with different QCL Type-D on overlapping OFDM symbols.
· Supports Simultaneous layer 1 measurement of CSI-RS overlapping with another CSI-RS with different QCL Type-D on overlapping OFDM symbol(s).
	16-2c, 23-5-1, at least one of 16-2a, 16-2b-1, 16-2b-2 and 16-2b-3
	Yes
	N/A
	
	Per FSPC
	TDD only
	FR2-1 only
	
	Note: It is only supported for power class 3.
	Optional with capability signalling

	30. NR_FR2_multiRX_DL
	[30-2]
	Fast beam sweeping for layer-1 measurement
	Supports beam sweeping factor reduction for SSB-based layer-1 measurement.
	
	No
	N/A
	
	Per band
	TDD only
	FR2-1 only
	
	Candidate values for Component 2: {2,4,6} for FR2-1

Note: It is only supported for power class 3.
	Optional with capability signalling



Note currently says it is only supported for power class 3. The main reason for adding this note was because, RF requirements are specified only for power class 3. If companies want to add this into feature group, we would like to add it saying RF requirements are specified only for power class 3.
Note: It is only supported for power class 3.
Proposal 8:  Change note in UE feature group to following “RF requirements are specified for power class 3 only”.
Summary
The following have been observed and proposed in the current contribution:
Proposal 1:  Faster beam sweeping due to multi-rx is considered to be always activated for UEs supporting this capability, no need to mention the activation in the requirements for faster beam sweeping.

Proposal 2:  Scheduling restriction can be relaxed for CSI-RS based L1 measurements for multi-Rx under following conditions:
· The CSI-RS is not in a CSI-RS resource set with repetition ON.
· The CSI-RS has same QCL source as the active TCI state of one of the PDSCHs and has different QCL-TypeD from the other PDSCH.
· For sDCI, The CSI-RS and both of the PDSCHs are on the same OFDM symbol(s).
· For mDCI, The CSI-RS and any one of the PDSCHs with different QCLed typeD are on the same OFDM symbol(s)
· Resources of the active TCI states for the two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report.

Observation 1: For cell-specific CBD under multi-rx operation, measurement restrictions requirements were introduced in RAN4#109, but not scheduling availability enhancements which were missing in the endorsed big CR R4-2321636.
Proposal 3:  Cell-specific CBD enhancements for scheduling availability in FR2-1 are captured in section 8.5.8.3.

Observation 2: For TRP-specific CBD under multi-rx operation, measurement restrictions requirements were introduced in RAN4#109, but not scheduling availability enhancements which were missing in the endorsed big CR R4-2321636.
Proposal 4:   TRP-specific CBD enhancements for scheduling availability in FR2-1 are captured in section 8.18.9.3.

Proposal 5:  Measurement restriction for CSI-RS based L1 measurements can be relaxed for multi-Rx under following conditions:
· Both CSI-RSs are not in any CSI-RS resource set with repetition ON
· For sDCI, the two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol.
· For mDCI, two CSI-RS resources and any one of the PDSCH are overlapped on the same OFDM symbol.
· One CSI-RS 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
· Resources of the active TCI states for the two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report.

Proposal 6:  For mDCI based dual DCI state switch, TCI state switch on each coreset is independent without any restriction on the DCI reception. 

Proposal 7:  Between point C and D, UE to receive on TCI state 0 alone, if new TCI state 0 and old TCI state 1 are not in a beam pair. 


Proposal 8:  Change note in UE feature group to following “RF requirements are specified for power class 3 only”.
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