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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#107 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]. 
	1 Sub-topic 1-2: RRM requirements impact
Issue 1-2-1: Definition of “simultaneous reception”
<Agreement >:
· No need to discuss definition of ‘simultaneous reception’. The condition can be discussed during CR phase.
Issue 1-2-3: Beam management related
<Agreement >:
· Not to use the principle of independent beam management to define the requirement for R18 multi-Rx chains WI. Instead, RAN4 to directly discuss individual detailed requirements.
Issue 1-2-7a: RRM impact of group-based beam reporting for simultaneous reception
<Agreement >:
· The requirements for GBBR are discussed under L1-RSRP enhancement.

2 Sub-topic 1-3: Applicability and conditions
Issue 1-3-1: Applicability of new requirements to different QCL types
<Agreement >:
· Scenarios where QCL type D is configured in combination with QCL type A/C are not precluded in the requirements for multi-rx operation.


In this contribution, we further provide our views on general aspects of FR2 multi-Rx chain DL reception. According to agenda for this RAN4 meeting, general aspects include scope, scenarios, capabilities, RRM impacts and topics not covered by other AIs.
2. Discussion
2.1 Scope and scenarios
In the RRM core requirements discussions, Rx beam assumption for “simultaneous reception” is still not concluded. There were different views from companies.
Issue 1-1-9a: Rx beam assumption for “simultaneous reception”

	· Option 1: (LGE)
· AoA condition from two TRPs should be considered as a side condition for RRM requirement based on simultaneous multi-panel reception.
· Option 2: (NTT DOCOMO)
· Multiple TRP transmission with simultaneous multi-panel reception should be prioritized in this WI, RAN4 shall strive to define scenarios for “simultaneous reception” based on different T RPs operation.
· Option 3: (Huawei)
· Discuss the conditions for different UE beam assumptions (pairs for simultaneous reception or best beam for each TRP) for corresponding requirements.
· Option 4: (OPPO)
· Using a single Rx panel or multiple panels for simultaneous reception from multiple TRP transmission are possible.
· Option 5: (MediaTek)
· The discussions of simultaneous reception by two active UE Rx antenna modules should be prioritized over that of single active antenna modules in R18 multi-Rx chains WI.
· Option 6: (ZTE)
· The case of simultaneous reception with a single Rx beam from multiple TRPs is possible under the prerequisite of group based reporting.
· Option 7: (Samsung)
· Multiple TRP transmission with simultaneous multi-panel reception should be prioritized in this WI, RAN4 shall strive to define scenarios for “simultaneous reception” based on different TRPs operation.
· The case of simultaneous reception with a single Rx beam from multiple TRPs should be considered in Multi-Rx WI, but RAN4 not to define any extra requirements for such case.
· Option 8: (Ericsson)
· Simultaneous reception for two L3 measurements on different panels/from different directions is not supported in R18 multi-Rx chain WI.


In the RF session, it was agreed that from multi-TRP deployment perspective, polarization multiplex (2 layers/direction) + spatial multiplex (2 directions) is assumed at the UE to support 4-layer DL MIMO reception.
	· To support 4L DL MIMO reception at the UE when configured with 2 active TCI states, polarization multiplex (2 layers/direction) + spatial multiplex (2 directions) is assumed at the UE.
· Note: This proposal is for general deployment assumption, not aimed at UE RF assumption


For RRM core requirements, simultaneous reception of reference signals, or reference signal + data are considered. Polarization multiplex from one direction is not considered in the cases for defining RRM requirements, where the signals should be received from 2 directions from two TRPs. The Rx beam assumption for simultaneous reception should only consider signals from 2 directions. Then AoA separation of the signals from 2 directions needs further consideration.
It is suggested to use ‘panel’ definition made in RF session for RRM requirements discussion.
	· The scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded. If an antenna module can be used to receive two AoAs simultaneously, it is considered to consist of at least two panels, where the understanding of “panel” is based on Proposal 1 of 1.2.11
· On “panel”, 
·  ‘Panel’ is defined as a group of antenna element that controls beam independently and has the following attributes 
· Within a panel, one beam can be selected and used for DL reception.
· Across different panels, multiple beams (each selected per panel) may be used for DL reception.
· ‘Beam’ is assumed to mean spatial filter associated with reception.
· Confirm that a physical panel with dual polarization is assumed as two “panels”. 
· [Assuming four antenna panels per UE as the reference architecture for deriving the spherical coverage requirement of the spherical coverage requirement for the multi-Rx chain DL reception. The four panels are separated into two pairs, and each pair is composed of two antenna panels with orthogonal polarizations that are co-located. 
· Antenna panels used to receive two AoAs simultaneously is up to UE implementation]


[bookmark: _Hlk139913155]For simultaneous reception of RS + RS and RS + data, at least two panels would be used (it can be physically implemented by one antenna module). In general, it is reasonable that how antenna panels are used to receive two AoAs simultaneously is up to UE implementation. Thus, it is not necessarily to specify AoA separation condition in the RRM core requirements.
AoA separation for UE RF requirement was agreed as below.
	· AoA separation for UE RF requirement:
· AoA offset value should be an integer multiple of the step size of the constant step size measurement test grid.
· In the simulation, all AoA separation values in the list {30°, 60°, 90°, 120°, 150°, 180°} shall be simulated.


In the test to verify RRM core requirements, however, it may also be necessary to specify certain AoA separation values considering variety of UE implementations. It can be further discussed in the RRM performance requirements.
Proposal 1: No need to specify AoA separation conditions in RRM core requirements for simultaneous reception from 2 directions.
Proposal 2: How Rx beams are used to receive two AoAs simultaneously is up to UE implementation.
2.2 RRM requirements impact
The concern was raised that there could be power saving issue when the UE is configured with multi-Rx operation for a long time period if the UE is capable of multi-Rx. However, there were different views on how this is resolved. After extensive discussion in the last RAN4 meeting, following two options were down-selected for further study.
Issue 1-2-5: Indication of multi-Rx operation
	· Option 1: Do not introduce new dynamic or semi-static signaling for indication of applicability of multi-Rx operation
· Option 2: RAN4 to ask RAN2 to extend OverheatingAssistance mechanism to also cover multi-RX chain operation. The details are up to RAN2.


There are 3 cases that can be considered for multi-Rx operation. Case 1 is 4-layer MIMO. the UE may be configured to receive PDSCHs from two TRPs for a long time. Case 2 is simultaneous reception of reference signals, e.g., due to measurement restriction relaxation the UE is required to perform L1 measurements of time overlapping reference signals simultaneously, or Rx beam sweeping factor reduction which requires the UE to turn on 2 “panels”. Case 3 is simultaneous reception of reference signal and data due to scheduling restriction relaxation. Case 2 and Case 3 only requires UE to turn on two antenna modules when UE is performing L1 measurements, which is dependent on L1-RS periodicity. There would be opportunities for UE to turn off unused antenna module. Case 1 on the other hand is totally up to NW configuration.
In our view it would be fine do not introduce new dynamic or semi-static signaling for indication of applicability of multi-Rx operation. There could be implementation methods for the purpose. 
If it is agreeable to introduce dynamic signaling, option 2 would not be a good solution. In existing specification, the UE assistance information procedure is described as below.
	The purpose of this procedure is for the UE to inform the network of:
-	its delay budget report carrying desired increment/decrement in the connected mode DRX cycle length, or;
-	its overheating assistance information, or;
-	its IDC assistance information, or;
-	its preference on DRX parameters for power saving, or;
-	its preference on the maximum aggregated bandwidth for power saving, or;
-	its preference on the maximum number of secondary component carriers for power saving, or;
-	its preference on the maximum number of MIMO layers for power saving, or;
-	its preference on the minimum scheduling offset for cross-slot scheduling for power saving, or;
……


The indication of applicability of multi-Rx operation is mainly for power saving purpose. Thus, it should be more straightforward to introduce new signaling similar to preference on xxx (e.g., maximum aggregated BW, maximum number of MIMO layers) for power saving. It is cleaner solution. There could be more RAN2 specification work and discussion if option 2 is adopted, nevertheless of feasibility may also needs further discussion in RAN2.
Proposal 3: New UE assistance information to indicate network of the preference on multi-Rx operation for power saving is introduced for the purpose of indication of applicability of multi-Rx operation. 
2.3 Applicability and conditions
Issue 1-3-3: Detectable condition of RS signals
	· Option 1: (Nokia)
· RAN4 RRM should discuss detectability conditions for mTRP TCI state management as part of requirements of TCI state switching delay.
· Option 2: (MediaTek)
· For detectable condition, all RSs in the same TCI chain for the target TCI state should remain detectable during the entire measurement/evaluation/TCI state switch period.
· Option 3: (Ericsson)
· Both RSs and their associated signals in the QCL type D infos are detectable during the entire measurement period.


In existing requirements, detectable conditions are only specified in the active TCI state switching delay requirements. Since dual TCI state switching delay requirements will be specified for multi-Rx operation, the detectable conditions of RS for the new TCI state switching delay requirements should be defined also. 
The detectable conditions for existing active TCI state switching delay requirements are as follows.
	-	The TCI state remains detectable during the TCI state switching period
[bookmark: _Hlk18067072]-	The SSB associated with the TCI state remain detectable during the TCI switching period
-	SNR of the TCI state ≥ -3dB


In the WF [2], the known condition for dual TCI states were agreed in the last meeting.
	· Dual TCI states are known if the
· dual TCI states are QCL-ed to reported beam pair (i.e., RS resources pair) within one group
· All the RSs in the QCL chain remain detectable
· The dual TCI states remains detectable during the TCI state switching period
· RSs configured for dual TCI states are reported in last [1280]ms
Note: FFS whether additional conditions are needed for tests.


It seems there is no other requirements for which the detectable conditions for TCI states need to be specified. For L1 measurements, only measurable conditions for the L1-RS are specified. It is different from detectable conditions. We don’t see any need to revise that part. Therefore, no other requirements besides dual TCI state switching delay requirements need to define detectable conditions for multi-Rx operation.
Proposal 4: Detectable conditions for dual TCI state switching delay requirements are agreed and no other requirements need similar conditions. The issue can be closed.

Issue 1-3-4: Set of conditions to be considered in the L1 measurement requirements
	· Option 1: (Ericsson)
· The following is a necessary condition in multi-rx requirements
· Condition #1: UE has the multi-rx operation capability (to be replaced with the exact capability name, with a relevant reference in the specification),
· Condition #2: UE is configured with dual TCI,
· Condition #3: UE is not configured with CA or DC,
· Condition #4: The simultaneously received RSs are in PCell only, 
· Condition #5: Both RSs and their associated signals in the QCL type D infos are detectable during the entire measurement period,
· Condition #6: The applicable side conditions are the conditions during the overlapping RS occasions (the conditions can be better in the non-overlapping occasions),
· Condition #7: The measured RS is being received simultaneously with another RS, where the two RSs have QCL-TypeD with different references, in at least one overlapping measurement occasion during the measurement period.
· Option 2: (Qualcomm)
· RAN4 to not assume UE receives signals/channels from mTRP using simultaneously formed multiple Rx beams when any of the following conditions are not met:
· UE is configured with active TCI states from two TRPs, and the association between the TCI states and the TRPs is explicitly known to the UE, i.e.
· (single DCI based mTRP) at least one of the codepoints in the active TCI list for PDSCH includes two reference resources for qcl-TypeD from respective TRPs
· (multi DCI based mTRP) two CORESETs QCL’ed with two reference resources for qcl-TypeD are configured
· SNR > XdB from each TRP, e.g. SNR regime where rank > 2 is expected
· Group-based L1-RSRP measurement is configured based on L3 measurements for the same measurement resources
· Note that the number of UE cell search engines should remain the same, irrespective of the number of active UE Rx beams.


Firstly, it should be made clear that the set of conditions are for what requirements for multi-Rx operation. In the RAN4#106 meeting, following agreements on baseline L1 measurement requirements for potential multi-Rx enhancement.
· Baseline L1 measurement requirements for potential multi-Rx enhancement
· For cell specific RLM: section 8.1
· For cell specific link recovery: section 8.5
· For TRP specific link recovery: section 8.18
· For L1-RSRP measurement: section 9.5.
In addition, the baseline TCI state switch requirements for potential multi-Rx enhancement should be existing requirements in section 8.6.
Option 1 is typically the applicable condition for multi-Rx operation in Rel-18. Different applicable conditions may need to be specified for different requirements. Conditions #1, #3 are straightforward and could be specified for all the L1 measurement requirements. Condition #4 is redundant by considering condition #3 since L1 measurements are all serving cell measurements as no inter-cell beam management are considered in this release. Condition #2 and condition #5 are the conditions for dual TCI state switching delay requirements and it has already been agreed. Condition #6 is not clear and it is not needed. Condition #7 is relevant to measurement restriction requirements.
Option 2 is typically the conditions for dual TCI states configuration for FR2 4-layer MIMO operation. It could be discussed together with TCI state switching delay requirements to see if and how it should and can be captured. 
Therefore, we don’t see it is necessary to have general agreements on the set of conditions to be considered in the L1 measurement requirements. The conditions should be discussed in the corresponding requirements by taking agreements we have already made into consideration.
Proposal 5: Set of conditions to be considered in the L1 measurement requirements should be discussed in the corresponding requirements by taking agreements we have already made into consideration. No general agreements are needed.

2.4 UE capability
Issue 1-4-3: UE capability of simultaneousRxDataSSB-DiffNumerology
	· Option 1: 
· The existing simultaneousRxDataSSB-DiffNumerology IE can be re-used in R18 multi-panel WI.
· Option 2: 
· The existing UE capability simultaneousRxDataSSB-DiffNumerology is feasible if the supporting of concurrent SSB and data are consistent between FR1 and FR2-1. But it should be ultimately determined after the decision of single or multiple UE capabilities are necessary.
· Option 3: 
· No need to specify new mix-numerology capability for multi-RX chain in FR2 when consider simultaneous SSB and data reception.
· Option 4: 
· A new UE capability is needed to support simultaneous reception with mixed numerologies.
· Option 5: 
· The existing UE capability to support mixed numerologies is not directly applicable for multi-RX chain operation with mixed numerologies, hence a new UE capability is needed to support simultaneous reception with mixed numerologies.



The definition of simultaneousRxDataSSB-DiffNumerology is as follows.
	simultaneousRxDataSSB-DiffNumerology
Indicates whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].


The purpose of the UE capability is to indicate concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology. It is used for defining measurement restriction and scheduling restriction requirements for L1 and L3 measurements in FR1.
For multi-Rx operation, when measurement restriction and scheduling restriction requirements are defined for simultaneous reception of RS+RS and RS+data from two directions, UE capability of simultaneous reception with a different numerology may be needed.
Proposal 6: New UE capability of supporting simultaneous reception with mixed numerology from different directions with different QCL typeD RS +RS or RS + data for enhanced L1 measurements is needed depending on progress of measurement restriction and scheduling restriction requirements.

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 PDSCH reception for multi-TRP operation can be supported. Thus, it is preferable to introduce a new UE capability for Case 2. It will be depending on whether measurement restriction is enhanced for multi-Rx, which is under discussion.
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. In last RAN4 meeting it was 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 7: 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 8: 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.

2.5 UE feature
After RAN4 reaches conclusion on UE capabilities, details of UE feature for multi-Rx DL reception will be discussed.

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: No need to specify AoA separation conditions in RRM core requirements for simultaneous reception from 2 directions.
Proposal 2: How Rx beams are used to receive two AoAs simultaneously is up to UE implementation.
Proposal 3: New UE assistance information to indicate network of the preference on multi-Rx operation for power saving is introduced for the purpose of indication of applicability of multi-Rx operation. 
Proposal 4: Detectable conditions for dual TCI state switching delay requirements are agreed and no other requirements need similar conditions. The issue can be closed.
Proposal 5: Set of conditions to be considered in the L1 measurement requirements should be discussed in the corresponding requirements by taking agreements we have already made into consideration. No general agreements are needed.
Proposal 6: New UE capability of supporting simultaneous reception with mixed numerology from different directions with different QCL typeD RS +RS or RS + data for enhanced L1 measurements is needed depending on progress of measurement restriction and scheduling restriction requirements.
Proposal 7: 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 8: 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.
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