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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#108 meeting, there were extensive discussions on the RRM impacts and general aspects of FR2 multi-Rx chain DL reception. The agreements below and other open issues are captured in the WF [1]. 
	· Rx beam assumption for “simultaneous reception”
· No need to specify AoA separation conditions in RRM core requirements for simultaneous reception from 2 directions.
· It may be captured as side condition in the test for multi-Rx operation.
· How Rx beams are used to receive two AoAs simultaneously is up to UE implementation.
· Indication of multi-Rx operation
· Introduce a new UE assistance information to indicate to network of the UE preference on multi-Rx operation due to [power saving or] overheating purposes (i.e., UE preference on not supporting simultaneous reception with different QCL-typeD). 
· FFS on the detailed set of associated UE capabilities
· The signalling details are up to RAN2.
· Send LS to RAN2. 
· UE behaviour when a condition becomes violated during a measurement
· FFS if it is to define particular behavior when side conditions for multi-Rx operation are violated
· UE capability for indication of whether additional delay is needed in dual TCI state switching for multi-Rx
· FFS: To indicate whether additional delay is needed in dual TCI state switching. By default, a UE should support dual TCI state switching without the additional delay.
· UE feature list
· UE capabilities related to multi-Rx operations shall be discussed in UE feature list.


In this contribution, we further provide our views on general aspects of FR2 multi-Rx chain DL reception.
2. Discussion
2.1 Applicability and conditions
It is not concluded whether UE behaviour should be defined when side condition(s) for multi-Rx operation are violated. 
	· UE behaviour when a condition becomes violated during a measurement
· FFS if it is to define particular behavior when side conditions for multi-Rx operation are violated


The issue is generally about whether to define UE behaviour for L1 measurement when there is transition between multi-Rx operation and non-multi-Rx operation. The enhancement on L1 measurements for multi-Rx operation focus on two aspects, i.e., measurement restriction enhancement (relaxation) and fast beam sweeping with UE capability.
From measurement restriction perspective, the UE is required to measure reference signals from different directions simultaneously with different QCL type-D DL reception only when the UE is configured/activated with multi-Rx or multi-TRP operation. There are also other conditions that should be considered. As long as not all the conditions are met, the UE will not perform L1 measurement over reference signals with different QCL type-D on the same OFDM symbol simultaneously. The legacy UE behaviour will be followed. Since the measurement/evaluation period are specified for measurements over single reference signal, there is no impact due to transition between multi-Rx and non-multi-Rx operation. The UE behaviour of transition is already captured in the measurement restriction requirements.
From fast beam sweeping perspective, it is up to UE capability whether this can be supported. Additional condition(s) for fast beam sweeping have not been discussed. It was agreed in the last RAN4 meeting that indication of multi-Rx operation will be introduced, i.e., a new UE assistance information to indicate to network of the UE preference on multi-Rx operation due to [power saving or] overheating purposes. Thus, at least the UE should be configured/activated with multi-Rx operation for the UE to perform fast beam sweeping. In such case, when UE is multi-Rx operation, UE performs L1 measurements with fast beam sweeping. Otherwise, normal beam sweeping should be assumed. When there is transition between multi-Rx operation and non-multi-Rx operation, the beam sweeping factor for measurement/evaluation period will be different. There could be different UE implementation to handle the case. The on/off of multi-Rx operation, especially for fast beam sweeping, is not expected to be changed frequently. Therefore, it is better to leave it to UE implementation rather than defining UE behaviour which would complicate the UE requirements with no gains.
Proposal 1: For UE to perform fast Rx beam sweeping, the UE should be configured/activated with multi-Rx operation.
Proposal 2: No UE behavior is defined for L1 measurements from measurement restriction and fast beam sweeping perspectives when there is transition between multi-Rx and non-multi-Rx operation.

2.2 UE capability
UE capability for simultaneous reception in Rel-18
It is RAN4 understanding that the R16 UE capability simultaneousReceptionDiffTypeD is only applicable for simultaneous PDSCH reception. Therefore, in Rel-18 new UE capabilities for simultaneous reception should be introduced.
There are three cases for simultaneous reception.
· Case 1: simultaneous data + data for PDSCH reception
· Case 2: simultaneous RS + RS for L1 measurement restriction relaxation
· Case 3: simultaneous RS + data for scheduling availability enhancement
Case 1 is already covered by Rel-16 UE capability simultaneousReceptionDiffTypeD. 
Even if simultaneous PDSCH reception is supported, UE may not be necessarily to support simultaneous RS reception for L1 measurement. The L1 measurements for group-based beam reporting can still be based on RSs on non-overlapped OFDM symbols depending on NW configuration. As long as RSs that can be simultaneously received by the UE is known to network, simultaneous measurements of L1 references signals on overlapped OFDM symbols for multi-TRP operation can be supported. Thus, it is preferable to introduce a new UE capability for Case 2
Case 3 is similar to case 2 where both can be considered as enhancement for multi-Rx UE. Of course, case 3 needs more consideration as it involves data processing in baseband, whereas case 2 is all about measurement. Either a unified UE capability is introduced for the enhanced measurement for multi-Rx UE or separate UE capabilities for simultaneous reception of RS+RS and RS+data is introduced. It was already agreed that simultaneous reception of RS + data is introduced in Rel-18. Thus, new UE capability should be introduced for supporting of enhanced scheduling restriction. A separated UE capability from that from case 2 is preferred.
Proposal 3: A new UE capability of supporting simultaneous reception of RS and data from different directions with different QCL type D RSs for enhanced L1 measurements for multi-Rx is introduced. 
Proposal 4: A new UE capability of supporting simultaneous reception of RS and RS from different directions with different QCL type D RSs for enhanced L1 measurements for multi-Rx is introduced, if measurement restriction is enhanced for multi-Rx.

UE capability for additional delay in dual TCI state switch
	· UE capability for indication of whether additional delay is needed in dual TCI state switching for multi-Rx
· FFS: To indicate whether additional delay is needed in dual TCI state switching. By default, a UE should support dual TCI state switching without the additional delay.


In the RAN4#108 meeting, following agreements relevant to additional delay in dual TCI states switch were made.
	Issue 2-2-1: DCI based dual TCI state switch for sDCI scenario 
Agreement
· Reuse Rel-16 requirements as baseline
· FFS if additional delay is introduced on top of Rel-16 requirements
Issue 2-3-1: MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition
Agreement:
· For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition [where two MAC-CEs are received in one slot], the legacy delay requirements apply if following conditions are met.
· Target dual TCI states are in the active TCI state list; or 
· If target dual TCI states are NOT in the active TCI state list and [Tfirst_SSB] is longer than [125]us, where Tfirst_SSB is the shorter one between Tfirst-SSB1 and Tfirst_SSB2. 
· FFS if requirements should be defined for the case.
· Otherwise, [125] µs additional delay is considered


For MAC-CE based PDCCH TCI state switch for s-DCI PDCCH repetition, it was agreed that additional delay is considered in some cases. It will be captured in the requirements directly and no UE capability is needed.
For DCI based dual TCI state witch for s-DCI scenario, whether additional delay needed for panel activation depends on if UE has activated the panels already. Similarly, if active TCI state list configured by MAC-CE includes at least one codepoint mapped to dual TCI states, then UE should track the dual TCI states by activation of two panels already. After dual TCI states are triggered by DCI, it can be considered that multi-TRP operation is started. In this case, there is no additional delay needed for TCI state switch. It should be typical use case that the dual TCI states triggered by single DCI are configured in the active TCI state list already. In addition, timeDurationForQCL is the time required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing, it would also include time for beam switch/panel activation. Thus, no UE capability is introduced to account for additional delay for s-DCI based dual TCI states switch.
For DCI based dual TCI state witch for m-DCI scenario, the requirements would be depending on RAN1 feedback. However, we don’t say UE capability for additional delay is needed.
Proposal 5: No UE capability is introduced for additional delay in dual TCI state switch.

UE capability for fast beam sweeping
In the RAN4#107 meeting, following agreements relevant to fast beam sweeping were made.
	· Methods to achieve faster beam sweeping 
· RAN4 to define new optional UE capability for beam sweeping factor reduction for SSB-based L1-RSRP measurement if the UE is capable of multi-Rx operation.
· Candidate values for beam sweeping factor reduction:
· The candidate number can be {2, 4, 6} for FR2-1.


Corresponding UE capability should be introduced. The details are proposed in section 2.3.

2.3 UE feature
Based on above discussions on UE capabilities for multi-Rx operations, details of UE feature for multi-Rx DL reception are provided as follows.
Proposal 6: UE feature for Rel-18 FR2 multi-Rx DL reception is as in Table 1 for NR_FR2_multiRX_DL.
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1. NR_FR2_multiRX_DL
	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

	X. NR_FR2_multiRX_DL
	X-1
	Simultaneous reception of NR PDCCH/PDSCH overlapping with layer 1 
RS with different QCL Type-D
	Supports simultaneous reception of PDCCH/PDSCH with different QCL Type-D layer 1 RS for measurement on overlapping OFDM symbols.
	16-2c
	Yes
	N/A
	
	Per band
	N/A
	FR2 only
	
	
	Optional with capability signalling

	X. NR_FR2_multiRX_DL
	X-2
	Simultaneous measurement of layer 1 RS overlapping with another layer 1 RS with different QCL Type-D
	Supports Simultaneous measurement of layer 1 RS overlapping with another layer 1 RS with different QCL Type-D on overlapping OFDM symbol(s).
	16-2c
	Yes
	N/A
	
	Per band
	N/A
	FR2 only
	
	
	Optional with capability signalling

	X. NR_FR2_multiRX_DL
	X-3
	Fast beam sweeping
	Supports beam sweeping factor reduction for SSB-based layer 1 measurement.
	
	Yes
	N/A
	
	Per band
	N/A
	FR2 only
	
	Candidate values for Component 2: {2,4,6} for FR2-1
	Optional with capability signalling







3. Summary
[bookmark: _Hlk23953093]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: For UE to perform fast Rx beam sweeping, the UE should be configured/activated with multi-Rx operation.
Proposal 2: No UE behavior is defined for L1 measurements from measurement restriction and fast beam sweeping perspectives when there is transition between multi-Rx and non-multi-Rx operation.
Proposal 3: A new UE capability of supporting simultaneous reception of RS and data from different directions with different QCL type D RSs for enhanced L1 measurements for multi-Rx is introduced. 
Proposal 4: A new UE capability of supporting simultaneous reception of RS and RS from different directions with different QCL type D RSs for enhanced L1 measurements for multi-Rx is introduced, if measurement restriction is enhanced for multi-Rx.
Proposal 5: No UE capability is introduced for additional delay in dual TCI state switch.
Proposal 6: UE feature for Rel-18 FR2 multi-Rx DL reception is as in Table 1 for NR_FR2_multiRX_DL.
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