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1 Introduction
According to WF [1], there’re issues discussed without conclusion. In this paper, we provided our view on the core part requirement, particularly on the following topics
· UE feature list
· The condition about UE is activated with multi-RX operation
· Scheduling and measurement restriction
· Dual TCI states switching

2 Discussion
[bookmark: OLE_LINK123]2.1 UE feature list
[bookmark: OLE_LINK30]In last meeting, the UE feature list was agreed as Table 1 below. RAN2 already implemented the corresponding UE capability for UE to indicate the preference of FR2 multi-Rx. However, this capability was not reflected in the latest RAN4 feature list. In this paper, we point out whether to have this feature group to keep the complete information in RAN4 feature list. 
	Agreement (RAN4 meeting #110)
Issue 1-5: UE feature list
· UE feature for Rel-18 FR2 multi-Rx DL reception is as in Table 1.
· FFS UE capability as in Issue 1-2.
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Issue 1-2: UE capability for multiRx-FR2-Preference-r18
· Proposals
· Option 1: (MTK)
· Add a feature group (30-3) to indicate whether the UE supports providing multi-Rx operation preference for FR2, as already captured in RAN2.
· Recommended WF
· Further discuss. 


[bookmark: _Ref131708778]
However, there’s a missing part. From RAN2, it has already introduced a UE capability for the preference of multi-RX fallback indication. We captured some related UE capability from RAN2 spec as below. 
	UE-NR-Capability-v1750 ::=               SEQUENCE {
    crossCarrierSchedulingConfigurationRelease-r17  ENUMERATED {supported}                    OPTIONAL,
    nonCriticalExtension                            UE-NR-Capability-v18xy                    OPTIONAL
}
-- Regular non-critical Rel-18 extensions:
UE-NR-Capability-v18xy ::=               SEQUENCE {
[bookmark: OLE_LINK2]multiRx-FR2-Preference-r18                    ENUMERATED {supported}                                OPTIONAL,,
    nonCriticalExtension                      SEQUENCE{}                                            OPTIONAL
}



In our understanding, if UE encounter some problem (E.g., overheating), it could indicate multi-RX fallback in UE assistance information. Therefore, the following proposal is suggested:
[bookmark: _Ref149062250]Proposal 1: RAN4 to confirm whether to add a feature group (30-3) to indicate whether the UE supports providing multi-Rx operation preference for FR2, as already captured in RAN2.
Table 2 Updated UE feature list.
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to V2X
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD dif
	Need of FR1/FR2 dif
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	30-1
	Support of requirements for multiRx_DL
	· Supports simultaneous reception of PDCCH/PDSCH and RS for L1 measurement with different QCL Type-D on overlapping OFDM symbols, and 
· Supports simultaneous measurement of 2 RS for L1 measurements different QCL Type-D on overlapping OFDM symbol(s), and
· Supports requirements for dual TCI state switch in TS38.133
Note: Above 3 bullets belong to one single UE capability
	16-2c
	Yes
	No
	UE does not follow the requirements 
	[Per band]
	TDD only
	FR2-1 only
	
	
	Optional with capability signalling

	30-2
	Fast beam sweeping for L1 measurement
	· Supports beam sweeping factor reduction for SSB-based layer 1 measurement.
	 
	[No]
	N/A
	UE’s L1 measurement delay is not reduced
	Per band
	[bookmark: OLE_LINK3]TDD only
	FR2-1 only
	 
	Candidate values: {2,4,6} 
	[Optional without capability signalling]

	30-3
	multiRx-FR2-Preference-r18
	· [bookmark: OLE_LINK1]Indicates whether the UE supports providing UAI for multi-Rx operation preference (i.e., not supporting simultaneous reception with different QCL-typeD) for FR2
	
	Yes
	N/A
	
	[Per UE]
	TDD only
	FR2-1 only
	
	[It can be supported for all power classes excepted FR2 PC6]
	Optional with capability signalling


 
2.2 The condition about UE is activated with multi-RX operation
In last meeting, RAN4 discussed how to capture UE is activated with multi-RX operation for RRM requirement such as scheduling or measurement restriction and faster beam switching in SSB based L1-RSRP measurement. 
	Issue 1-9: Whether and how to capture multi-Rx operation is activated
FFS following options
· Option 1:
· No need to capture in RAN4 RRM requirements whether Multi Rx is activated.
· Option 2:
· The UE is activated with multi-Rx operation when the following conditions are met: 
· The simultaneousReceptionDiffTypeD-r16 is configured as ‘supported’ if separate PDSCHs are transmitted from different TRPs, or
· UE is requested by gNB to report its preference for multi-Rx operation in FR2 via RRC signalling and the multiRx-PreferenceFR2 is NOT included in the UEAssistanceInformation, and 
· The CSI-RS/SSB resources are partially or fully overlapped with the PDSCH or other CSI-RS/SSB resources in time domain for simultaneous reception, and 
· The TCI states for CSI-RS/SSB resources or PDSCH reception are configured with different QCL Type-D. 
· The requirements that UE is activated with multi-Rx operation can be captured in Clause 3.6 in TS 38.133 as applicability requirements for multi-Rx requirements.
· Option 3: 
· A UE is in multi-RX operation or activated with multi-RX operation if the following conditions are met:
· The UE reports it support capabilities 16-2c(simultaneousReceptionDiffTypeD-r16) and 23-5-1 (mTRP-GroupBasedL1-RSRP-r17), and
· UE has most recently indicated to the network its preference of multi-RX operation while in RRC_CONNECTED mode, or
· UE has not indicated it prefers single-RX operation while in RRC_CONNECTED mode.
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


From the discussions in last RAN4 meeting, we understand that there are 2 different understanding of UE implementation. 
1. UE always perform faster beam sweeping. In this case, no condition is needed, as the burden is all at UE side. This may be due to some enhancement in UE implementation or at cost of extra power consumption. 
1. UE only enables faster beam seeping when operating with multiple Rx panels. Under this implementation, RAN4 at least to consider the condition that UE sent valid Rel-17 group-based beam reporting (GBBR). The reason is that if UE cannot report valid GBBR (e.g., always report with one RSRP value as ‘Not valid’), this means the current channel condition is not suitable for multiple Rx operation. In this case, we should refrain from wasting UE power. On the other hand, after UE has reported Rel-17 GBBR, NW knows that UE is ready to turn on multiple panels to support enhancements like faster beam sweeping or simultaneous L1 measurement, and that UE is responsible of enabling these enhancements from now on. Also, it is important that UE never indicates its preference for single RX in UE assistance information (UAI), if we want to make sure UE continues the multi-RX operation. 

For scheduling restriction relaxation, the above 2 conditions in 2) are also needed, regardless of which UE implementation. In addition, dual TCI states need to be activated, since the conditions are related to simultaneous reception for the CSI-RS and both PDSCHs. Therefore, the following proposal is suggested: 
[bookmark: _Ref163223718][bookmark: OLE_LINK5]Proposal 2: For UE only enables faster beam seeping when operating with multiple Rx panels, UE is in multi-RX operation if the following conditions are met:
· [bookmark: OLE_LINK4]UE sent a recent valid Rel-17 group-based beam reporting (GBBR).
· [bookmark: OLE_LINK6]UE did not indicate its preference for single-RX in UE assistance information (UAI).
[bookmark: _Ref163223773][bookmark: _Ref162950894][bookmark: OLE_LINK8][bookmark: OLE_LINK7]Proposal 3: For scheduling restriction relaxation, additionally consider the following condition to ensure UE operating with multiple Rx panels
· UE did not indicate its preference for single-RX in UE assistance information (UAI).

2.2 Scheduling and measurement restriction
In previous meetings, there’s an agreement to specify the conditions for scheduling restriction. 
	< Agreement >
Issue 1-13: Overlapping condition for scheduling restriction
Agreement: Agree the following and no further discussion on other proposals. 
· The CSI-RS and both of the PDSCHs are on the same OFDM symbol(s), or the CSI-RS and one of the PDSCHs with different QCL typeD are on the same OFDM symbol(s) when partially overlapping PDSCHs are scheduled.
· Further check for mDCI case.


In our understanding, there’s no difference when consider scheduling restriction relaxation for sDCI and mDCI. Therefore, the condition should apply for both sDCI and mDCI based mTRP.
[bookmark: _Ref162181984]Proposal 4: The agreed condition for scheduling restriction already applies for both sDCI and mDCI based mTRP.
· The CSI-RS and both of the PDSCHs are on the same OFDM symbol(s), or the CSI-RS and one of the PDSCHs with different QCL typeD are on the same OFDM symbol(s) when partially overlapping PDSCHs are scheduled.


	Issue 1-14: Overlapping condition for measurement restriction
FFS following options
· Option 1(MTK): 
· Remove 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].
· Option 1a: 
· Multi Rx enhancements for L1 measurement restrictions do not depend on PDSCH overlapping with CSI-RS resources.
· Additionally, remove the condition from measurement restrictions:
· 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
· Option 2: 
· The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol.
· Option 3: 
· The CSI-RSs and both of the PDSCHs are on the same OFDM symbol(s), or one of the CSI-RSs and one of the PDSCHs with different QCL typeD are on the same OFDM symbol(s) when partially overlapping PDSCHs are scheduled.
· Option 4: 
· 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.


For issue 1-14, we do not think the measurement restriction should only be limited to the case when the two CSI-RS resources are overlapped with both PDSCHs. 
· [bookmark: OLE_LINK20]Measurement restriction is only about 2 RS. There is nothing to do with the PDSCH scheduling. In legacy, we don’t have requirement assuming that the reference signals and data reception should be overlapped for measurement restriction. 
· UE’s scheduling of L1 measurement (i.e., how to select Rx beam to measure for each SSB occasion) is usually static based on NW’s configuration. This scheduling is not expected to be changed dynamically due to whether PDSCH is scheduled or not in a slot. Even if the CSI-RS resources are not overlapped with PDSCHs, UE should perform both CSI-RS measurements at the same time when feasible. 
· [bookmark: OLE_LINK37][bookmark: OLE_LINK38]UE needs a certain processing time to decode PDCCH to realize whether there’s a PDSCH to receive in the same slot. Before UE can successfully decode PDCCH (as shown in Figure 1), UE does not know whether the PDSCH is intended to it. What UE can do is only to buffer all signals with a certain Rx beam assumption during the PDCCH processing time. This means that UE has no way to re-decide which Rx beam pair to be used for CSI-RS measurement because the CSI-RS symbol is already received. Therefore, the condition under Option 1 could cause problem in UE’s DL processing and should be removed.
[bookmark: _Ref141027874][bookmark: _Ref149588758]Proposal 5: Remove 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].

[image: ]
Figure 1. Relation between UE processing time for PDCCH and the reception of CSI-RS for measurement.

2.2 Dual TCI states switching
In last meeting, RAN4 discussed whether to specify requirement on dual TCI state switching between point C and point D for mDCI. 
	Issue 2-1-1: DCI based dual TCI state switch delay for mDCI:
[image: ]
 Companies may bring further analysis on following
· 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. 
LS from RAN1 [2]:
[image: ]
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.


From RAN1 LS [2], it mentioned UE could receive PDSCH0 using the TCI state conveyed in DCI0 during point C and D. This implies the 2 TCI state switching for corsetPollIndex 0 and 1 are completely independent. Therefore, UE should receive PDSCH with target TCI state which finishes earlier before dual TCI states switching delay is done.
[bookmark: _Ref163223977]Proposal 6: For DCI based dual TCI state switching in mDCI, the 2 TCI state switching procedures can be treated independently. In other words, UE should be able to receive PDSCH with a target TCI state of which the switching is finished earlier. 

3 Summary
In this paper, the discussion of R18 multi-Rx chains is provided. We have the following proposal: 
Proposal 1: RAN4 to confirm whether to add a feature group (30-3) to indicate whether the UE supports providing multi-Rx operation preference for FR2, as already captured in RAN2. 
Proposal 2: For UE only enables faster beam seeping when operating with multiple Rx panels, UE is in multi-RX operation if the following conditions are met:
· UE sent a recent valid Rel-17 group-based beam reporting (GBBR).
· UE did not indicate its preference for single-RX in UE assistance information (UAI).
Proposal 3: For scheduling restriction relaxation, additionally consider the following condition to ensure UE operating with multiple Rx panels
· UE did not indicate its preference for single-RX in UE assistance information (UAI).
Proposal 4: The agreed condition for scheduling restriction already applies for both sDCI and mDCI based mTRP.
· The CSI-RS and both of the PDSCHs are on the same OFDM symbol(s), or the CSI-RS and one of the PDSCHs with different QCL typeD are on the same OFDM symbol(s) when partially overlapping PDSCHs are scheduled.
Proposal 5: Remove 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].
Proposal 6: For DCI based dual TCI state switching in mDCI, the 2 TCI state switching procedures can be treated independently. In other words, UE should be able to receive PDSCH with a target TCI state of which the switching is finished earlier.

4 [bookmark: _Hlk94866332]Reference
[bookmark: _Hlk141011611][bookmark: _Ref141290370][1] R4-2403560 WF on core maintenance and performance part for multi-RX, Vivo, Ericsson RAN4 #110
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