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1. Introduction
In the RAN4#110bis meeting, there were discussions on core part for multi-Rx. The agreements and open issues were captured in the WF [1]. 
	<Core maintenance>
· For fast beam sweeping, the UE is in multi-Rx operation if following condition is met:
· UE is configured with group-based beam reporting (GBBR) report.
· For scheduling restriction, remove “UE is multi-Rx operation” from the spec.
· For measurement restriction: 
· Way forward: Companies may bring further analysis, on whether to remove or not the following condition of measurement restriction relaxation for CSI-RS based L1 measurements
· [The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol].


In this contribution, we further provide our views on remaining open issues for FR2 multi-Rx chain DL reception.
2. Discussion
2.1 General aspects
A new UE capability of fast beam sweeping for layer-1 measurement when the UE is in multi-Rx operation was introduced for multi-Rx. It was agreed that for fast beam sweeping the UE is in multi-Rx operation if the UE is configured with group-based beam reporting (GBBR) report. In our understanding, the purpose is to enable fast beam sweeping in multi-TRP operation as GBBR is mainly for multi-TRP operation. The GBBR, however, is used for NW acquiring TCI states for multi-TRP and then scheduling the UE with multiple PDSCHs. It seems that fast beam sweeping could be enabled in two ways. One is when NW operates in multi-TRP mode to schedule the UE so that GBBR is always configured for tracking and updating TCI states. Another is NW does not intend to operate in multi-TRP mode and GBBR is configured only for enabling fast beam sweeping.
For the first one, there should be no problem for the UE. However, the second one would be problematic since GBBR may be configured for nothing but triggering fast beam sweeping. It is not expected as it costs UE power for GBBR measurements unnecessarily. It would be helpful for UE to have an exit condition. On the other hand, it also depends on how fast beam sweeping is implemented by UE, e.g., single-panel based or multi-panel based. If it is single-panel based, then it actually doesn’t need NW to configure GBBR at all to start fast beam sweeping. If it is multi-panel based, triggering by GBBR configuration is necessary. Since NW cannot differentiate the two types of UEs, it can just only triggering fast beam sweeping by configuring GBBR. In both cases, an exit condition is expected.
Proposal 1: When multiple PDSCHs are not scheduled within 300s since group-based beam reporting is configured, the UE is allowed to exit fast beam sweeping.

The updated UE feature list was approved in [2]. There were some errors for multi-Rx UE capability in the list due to some unexpected reasons. Modifications are needed.
Proposal 2: Update UE feature for multi-Rx 30-1 as in Table 1.
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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 (V2X 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
	[bookmark: _Hlk159400752]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 can be supported for PC3 only.
	Optional with capability signalling

	30. NR_FR2_multiRX_DL
	30-2
	Fast beam sweeping for layer-1 measurement when the UE is in multi-Rx operation

	· Supports beam sweeping factor reduction for SSB-based layer-1 measurement for activated serving cell when the UE is in multi-Rx operation.
	
	Yes
	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

	30. NR_FR2_multiRX_DL
	30-3
	Supports Indication of multi-Rx operation preference
	· Indicates whether the UE supports providing multi-Rx operation preference for FR2
	
	Yes
	N/A
	
	Per UE
	TDD only
	FR2-1 only
	
	Note 1: It is only supported for power class 3.
	Optional with capability signalling
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2.2 Measurement restrictions
	· For measurement restriction: 
· Way forward: Companies may bring further analysis, on whether to remove or not the following condition of measurement restriction relaxation for CSI-RS based L1 measurements
· [The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol].


The overlapping condition for measurement restriction are as follows.
	[bookmark: _Hlk166417957]-	Both CSI-RSs are not in any CSI-RS resource set with repetition ON, and
-	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, and
-	[The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol], and
-	Resources of the active TCI states for the two PDSCHs have been reported as a resource group in Rel-17 group-based RSRP report.


Firstly, when the two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol, it is feasible for the UE to perform simultaneous measurements and also simultaneous data reception. 
When the two CSI-RS resources and one of the PDSCH, e.g., in partial overlapping case, are overlapped on the OFDM symbol, it is also feasible for UE to perform simultaneous measurements. It is similar to scheduling restriction. 
[bookmark: _Hlk166417987]When the two CSI-RSs are not overlapped with any PDSCHs, e.g., no PDSCHs are scheduled in the slot, the UE can perform simultaneous measurements on the two CSI-RSs as long as they are QCL-ed with typeD to reference signals in a resource group in the latest Rel-17 group based beam report.
Moreover, it is not expected that measurements are depending on dynamic data scheduling. Thus, the updated conditions for measurement restrictions are proposed as below.
Proposal 3: Conditions for measurement restriction are
· Both CSI-RSs are not in any CSI-RS resource set with repetition ON, and
· [bookmark: _Hlk166423057]Th two CSI-RSs are QCL-ed with typeD to reference signals in a resource group in the latest Rel-17 group based beam report, and
· [bookmark: _Hlk166423126]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, when at least one of the PDSCHs is scheduled on the same OFDM symbol as both the CSI-RSs.

2.3 TRP specific BFD requirements
For the TRP specific CSI-RS based BFD, the conditions for simultaneous measurements from two TRPs are defined as below.
	For FR2-1, for PCell, for UE supporting [TBD - multi-rx capability], the value of PTRP in table 8.18.3.2-2 is defined as 1, when:
-	CSI-RS resources in the two sets  and   are not overlapped, or
-	CSI-RS resources in the two sets  and   are overlapped and the following conditions are met:
[bookmark: _Hlk146698315]-	Both CSI-RSs are not in any CSI-RS resource set with repetition ON
-	The two CSI-RS resources in the two sets  and   for beam failure detection [and both PDSCH] are overlapped on the same OFDM symbol.
-	[The CSI-RS in set  has same QCL source as the active TCI state of one PDSCH, and the CSI-RS in set  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]
-	else, the value of PTRP is 2.


In general, the similar conditions as for measurement restriction can be defined.
Proposal 4: Conditions for PTRP=1 for CSI-RS based TRP specific BFD requirements for multi-Rx operation is
· Both CSI-RSs are not in any CSI-RS resource set with repetition ON
· The two CSI-RSs are QCL-ed with typeD to reference signals in a resource group in the latest Rel-17 group based beam report, and
· The CSI-RS in set  has same QCL source as the active TCI state of one PDSCH, and the CSI-RS in set  has same QCL source as the active TCI state of the other PDSCH, when at least one of the PDSCHs is scheduled on the same OFDM symbol as both the CSI-RSs.

2.4 TCI state switching
Issue 2-1-1: DCI based dual TCI state switch delay for mDCI:
[image: A diagram of a computer program

Description automatically generated with medium confidence]
	· Companies may bring further analysis for the above issue
· If TCI 1 and TCI 2 are a beam pair.
· UE to receive on TCI 1 and TCI 2 between C and D. After D, to receive on TCI 2 and TCI 4
· If TCI 1 and TCI 2 are not a beam pair.
· No requirements till point D. i.e., UE is not expected to receive on TCI 2 till point D.


If TCI 1 and TCI 2 are a beam pair, it is feasible for UE to receive PDSCH0 and PDSCH1 simultaneously between C and D. After D, UE can receive PDSCH0 and PDSCH1 with TCI 2 and TCI 4 simultaneously if they are also a beam pair. Current requirements do not preclude this. It seems not necessary to define specific requirements for this.
If TCI 1 and TCI 2 are not a beam pair, simultaneous reception with TCI 1 and TCI 2 between C and D is not possible. 
Proposal 5: No additional requirements are needed for DCI based dual TCI state switch delay for m-DCI.

3. Summary
In this contribution, we further provided views on general aspects for NR FR2 multi-Rx chain DL reception WI. Following proposals and observations are present.
Proposal 1: When multiple PDSCHs are not scheduled within 300s since group-based beam reporting is configured, the UE is allowed to exit fast beam sweeping.
Proposal 2: Update UE feature for multi-Rx 30-1 as in Table 1.
Proposal 3: Conditions for measurement restriction are
· Both CSI-RSs are not in any CSI-RS resource set with repetition ON, and
· Th two CSI-RSs are QCL-ed with typeD to reference signals in a resource group in the latest Rel-17 group based beam report, and
· 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, when at least one of the PDSCHs is scheduled on the same OFDM symbol as both the CSI-RSs.
Proposal 4: Conditions for PTRP=1 for CSI-RS based TRP specific BFD requirements for multi-Rx operation is
· Both CSI-RSs are not in any CSI-RS resource set with repetition ON
· The two CSI-RSs are QCL-ed with typeD to reference signals in a resource group in the latest Rel-17 group based beam report, and
· The CSI-RS in set  has same QCL source as the active TCI state of one PDSCH, and the CSI-RS in set  has same QCL source as the active TCI state of the other PDSCH, when at least one of the PDSCHs is scheduled on the same OFDM symbol as both the CSI-RSs.
Proposal 5: No additional requirements are needed for DCI based dual TCI state switch delay for m-DCI.
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	30. NR_FR2_multiRX_DL
	30-2
	Fast beam sweeping for layer-1 measurement when the UE is in multi-Rx operation

	· Supports beam sweeping factor reduction for SSB-based layer-1 measurement for activated serving cell when the UE is in multi-Rx operation.
	
	Yes
	N/A
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	TDD only
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	30. NR_FR2_multiRX_DL
	30-3
	Supports Indication of multi-Rx operation preference
	· Indicates whether the UE supports providing multi-Rx operation preference for FR2
	
	Yes
	N/A
	
	Per UE
	TDD only
	FR2-1 only
	
	Note 1: It is only supported for power class 3.
	Optional with capability signalling




 23 / 35


4. References
[1] R4-2406365	WF on core maintenance and performance part for multi-Rx, vivo, Ericsson
[2] R4-2406680	RAN4 Rel-18 feature list, CMCC

 5 / 8


image1.png
; TCI 2
. f TCLO > >
coresetPoollndex 0
- timeDurationForQCL ;
_______________________________________________ é____________________________________________[_)_______________________________
TCI 1 TCl 4

A
I 4
A

coresetPoollndex 1

timeDurationForQCL |
pDloy < g4 PDSCH1





