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1 	Introduction
According to WF [1] and discussion summary [2], RAN4 had some agreements in the last meeting while some issues were discussed without conclusion yet. In this meeting, this WI is divided into six agenda items to be discussed: (1) general issues, (2) L1 measurement, (3) RLM/BFD/CBD, (4) scheduling/measurement restriction, (5) dual TCI state switching and (6) receive timing difference. The discussion in this paper focus on the “general issues”. 
2 Discussion
In the following sections, below topics are discussed sequentially.
· Basic assumption
· Scenario
· Signalling and UE capability
· L3 measurement
2.1 Basic assumption
In this topic, following four issues are further studied. 
(1) Reporting assumption 
(2) RRM impact of the UE behaviour using a single antenna module
(3) [bookmark: _Hlk126699321]UE architecture
2.1.1 Reporting assumption
As below agreement, in the last meeting, RAN4 agreed to support at least group based reporting in R18 multi-Rx chains WI. Agreements in RAN4 #105 WF [1] are captured as following.
	<Agreement >:
Issue 1-1-7: Assumption on supporting 4-layer MIMO with simultaneous DL reception with two different QCL TypeD RSs
· group based reporting is one of the means to enable simultaneous reception
· companies proposing to enable simultaneous reception should bring more analysis on how this can be done


Now, the discussion point here is whether to additionally support non-group based reporting. In the following discussion, our understanding on simultaneous reception by using group based reporting is provided first. Then, the feasibility of simultaneous reception by using non group based reporting is further studied.

Group based reporting
In group based reporting, two measurement results can be grouped in one reporting instance, implying that UE ‘can’ receive the 2 signals simultaneously according to RAN1 spec. However, RAN1 spec does not explicitly mention whether UE achieves this by single or multiple antenna modules. This may lead to the ambiguity in network scheduling if the 2 signals cannot be guaranteed to be received by multiple antenna modules. As RAN4 needs to define the requirements for multi-Rx chains, we suggest to directly link group based reporting to the reception with multiple antenna modules, i.e., network only triggers dual TCI states after receiving group based reporting from UE, and UE should guarantee reception with multiple antenna modules after sending a group based report to network.
[bookmark: _Ref127281172]Observation 1: Group based reporting can be used to align network and UE’s understanding about simultaneous reception with 2 antenna modules. 

Non-Group based reporting
In non group based reporting, measurement results are reported individually by UE. It is the baseline approach for L1-RSRP report even for non multi-Rx capable UE. In other words, it leads to the ambiguity on whether UE can receive two signals with two antenna modules. As a consequence, network may indicate UE two TCI states, but UE will still use the one antenna module for reception. As a results, simultaneous reception may not be guaranteed.
[bookmark: _Ref126694971][bookmark: _Ref127281174]Observation 2: For non-group based reporting, the measurement results are reported individually by UE. It leads to the ambiguity on whether UE can receive two signals with two antenna modules

Based on Observation 2, we observe that non group based reporting does not guarantee network and UE to have the same understanding on whether to 2 signals can be received by different UE antenna modules. So, the following proposal is suggested.
[bookmark: _Ref127281185]Proposal 1: In R18 multi-Rx chains WI, network only triggers dual TCI states after receiving group based reporting from UE, and UE should guarantee reception with multiple antenna modules after sending a group based report to network. Non-group based reporting is not considered in this WI.

2.1.2 RRM impact of the UE behaviour using a single antenna module
The corresponding discussion [2] for this issue is provided below.
	Issue 2-2-4: RRM impact of the UE behaviour using a single antenna panel
· Proposals
· Option 1 (Intel):
· If UE can’t receive two AoAs from single antenna module, UE can’t support simultaneous reception for some scenarios.
· Option 2 (MTK):
· In R18 multi-Rx WI, no need to discuss the case when two signals are received by one active UE Rx panel at a time.
· Option 3 (vivo):
· Receiving signals from two different directions simultaneously by using single antenna module may be considered as one of the conditions for applicability of enhanced requirements.
· Option 4 (OPPO):
· UE behavior using a single antennal panel needs RF study conclusion.
· Option 5 (NTT DOCOMO):
· About antenna panel discussion, it should be based on RF conclusion. If RF session conclusion affects delay reduction or causes new delay term, then RRM study should be triggered.
· Recommended WF
· Needs further discussion.


To us, in R18 multi-Rx chains WI, RAN4 should only define the requirement for the case when two signals with two different QCL Type D RSs are received by using two active UE Rx antenna modules. For the case when UE uses one antenna module to receive the signals, the legacy requirements will be applied by default (i.e. one beam is applied at a time and sharing factor should be considered). And how to identify the case is two active antenna modules or one active antenna module will depend on the applicability condition which will be concluded in RF session.
[bookmark: _Ref127281186][bookmark: _Ref127457652]Proposal 2: In R18 multi-Rx chains WI, RRM session deprioritize the case when two signals are received by one active UE Rx antenna module at a time, before any conclusion is reached in RF session.
2.1.3 UE architecture
Some companies suggest introducing an explicit UE architecture assumption in RRM session to define RRM requirements. However, to our understanding, it should be a RF issue. So, our suggested proposal is as below.
[bookmark: _Ref127281189]Proposal 3: Multi-Rx chains architecture should be discussed in RF session.

2.2 Scenario
In this topic, following four issues are further studied. 
(1) Multiple component carriers 
(2) Inter-cell mTRP operation 
(3) Signal type
(4) Detectable condition

2.2.1 Multiple component carriers
RAN4 has discussed this issue for several meetings, according to the discussion [2] as below, RAN4 agreed to focus on a single CC operation and FFS CA operation in the last meeting.
	Issue 1-1-2: Single (component) carrier for defining RRM requirements
Agreements in the last meeting:
RRM requirement discussion shall be focused on the case with different QCL TypeD RSs on a single component carrier.
· FFS whether UE can be configured with multiple component carriers, including intra-band CCs and/or inter-band CCs, but multi-Rx chain is enabled on only one of the component carriers.
· Proposals
· Option 1 (MTK):
· To deprioritize the case when multi-Rx chain is enabled on only one of the component carriers until the requirement of single component carrier is complete.
· Option 2 (Huawei):
· It is suggested that RRM requirement discussion is focused on the case that UE can be configured with multiple component carriers but multi-Rx chain is enabled on only one of the component carrier.
· Option 3 (Ericsson):
· RAN4 shall focus on defining requirements for the single-carrier case where the UE is not configured with CA
· Recommended WF
· Needs further discussion.


To us, there is a lot of issues to be discussed so far, e.g., L1-RSRP measurement, dual TCI state switch and some basic assumptions. It is better to start from the simplest case. So, we suggest deprioritizing the case when UE is configured with multiple component carriers until the requirement of single component carrier is complete.
[bookmark: _Ref126785734][bookmark: _Ref118626974]Proposal 4: In R18 multi-Rx chains WI, to deprioritize the case when UE is configured with multiple component carriers until the requirement of single component carrier is complete.

2.2.2 Inter-cell mTRP operation
Whether multi-Rx chains can be applied in both intra and inter cell operation was discussed without conclusion yet. To our understanding, the main intention of multi-Rx chains is for 4 MIMO layers data transmission which is not typical for inter-cell operation, where UE is in the middle of two cells. As UE is at the cell edge of both cells, it is highly probable that both channels for two cells are not good enough for high MIMO layers. So, the chance for 4 MIMO layer data transmission is very low. Therefore, we do not see the necessity to introduce the multi-Rx chains requirement for inter-cell operation. 
[bookmark: _Ref118626976]Observation 3: For inter-cell operation, typically, UE is in the middle of two cells which means the UE is at the cell edge of both cells. The chance for 4 MIMO layer data transmission is very low.
[bookmark: _Ref118385833][bookmark: _Ref118626981]Proposal 5: Not to consider inter-cell mTRP operation in R18 multi-Rx chains WI.

2.2.3 Signal type
In the previous meeting, some companies suggested studying which signal type can be applied for simultaneous reception. To our understanding, three cases as below can be discussed.
· Measurement RS + Measurement RS
· Measurement RS + Data
· Data + Data
Below is our analysis of the three cases. Note: Following our Proposal 5, we focus on intra-cell mTRP operation only.
Measurement RS + Measurement RS
In this case, it can be further divided into three sub-cases “SSB + SSB”, “SSB + CSI-RS” and “CSI-RS + CSI-RS”. For both “SSB + CSI-RS” and “CSI-RS + CSI-RS”, the detail will be discussed in measurement restriction section which is provided in another our discussion paper. However, for “SSB + SSB”, we think it is an invalid case in intra-cell mTRP operation because the same signals from 2 TRP will be combined over the air. 
Measurement RS + Data
In this case, it can be further divided into two sub-cases “SSB + Data” and “CSI-RS + Data”. Generally, we think the basic principle as legacy requirement can be reused here. The detail is discussed in our discussion paper of scheduling restriction.
Data + Data
In this case, to our understanding, it is a Demod issue that how to receive two data on two antenna modules at a time. So, we suggest leaving it to Demod session and no need to discuss it in RRM session.

2.2.4 Detectable condition
[bookmark: _Hlk127446123]As below, there is one open issue regarding detectable condition in the last meeting. 
	Issue 2-3-4: Detectable condition of RS signals
· Proposals
· Option 1 (ZTE): 
· For detectable condition, all RSs in the same QCL chain for the target TCI state should remain detectable during the entire measurement/switch period.
· Option 2 (Huawei): 
· For known target TCI state for switching, all RSs in the same TCI chain for the target TCI need to be detectable during switching period, which is not multi-Rx specific issue.
· Option 3 (Ericsson): 
· In RRM requirements for simultaneous reception of RSs in different QCL type D infos, not only the target RSs but also the associated signals in the QCL infos shall remain detectable during the entire measurement periods, e.g., a detectability condition also for the associated signal needs to be added


We support proposals 1 and 3. Since the flied “repetition” cannot be configured for the tracking RS, UE has to take the other RS which is in the same TCI chain as the tracking RS to perform UE Rx beam selection. Therefore, it would be more reliable if all RSs in the same TCI chain remain detectable during the entire measurement period. Furthermore, as same QCL Type-D means that the 2 RS are transmitted from the same Tx spatial filter, we tend to believe that the detectability should be the same for all RS in the same TCI chain. So, the following proposal is suggested.
[bookmark: _Ref115355268][bookmark: _Ref118628963]Proposal 6: For detectable condition, all RSs in the same TCI chain for the target TCI state should remain detectable during the entire measurement/switch period.

2.3 signalling and UE capability
In this topic, following three issues are further studied. 
(1) Rx antenna module control signal 
(2) Capability simultaneousReceptionDiffTypeD
(3) Capability simultaneousRxDataSSB-DiffNumerology

2.3.1 Rx antenna module control signal
In previous meeting, one discussion is about introducing a new control signal to let network know which UE Rx antenna module can be activated. However, to our understanding, it will significantly limit UE implementation, e.g., measurement/power scheduling. In addition, we tend to believe SPEC shall allow different UE implementations. So, based on above reasons, following proposal is provided.
[bookmark: _Ref127281232]Proposal 7: In R18 multi-Rx chains WI, no need to introduce a UE Rx antenna module control signal.

2.3.2 Capability simultaneousReceptionDiffTypeD
There is one open issue regarding UE capability simultaneousReceptionDiffTypeD in the last meeting. The corresponding IE description from TS 38.306 [3] is provided as below for reference. 
	simultaneousReceptionDiffTypeD-r16
Indicates whether the UE supports simultaneous reception with different QCL Type D reference signal as specified in TS38.213 [11].
	Band
	No
	N/A
	FR2 only


To our understanding, this UE capability is for indicating support of two PDSCH with two different QCL Type D RSs. In previous meeting, a lot of proposals and discussions were provided, e.g., whether to reuse legacy signaling, or introduce new capabilities in Rel-18 for different RS types. However, we think the UE capability is highly depending on the basic assumption, e.g., which RS/scenario is considered, or whether to consider inter cell mTRP. Those scenarios are still under discussion without conclusions yet. So, the following proposal is suggested.
[bookmark: _Ref127281233]Proposal 8: The UE capability simultaneousReceptionDiffTypeD should be discussed after the basic assumptions (at least simultaneous received RS type and scenario) are clear.

2.3.3 Capability simultaneousRxDataSSB-DiffNumerology
There is another one open issue regarding UE capability simultaneousRxDataSSB-DiffNumerology in the last meeting. The corresponding requirement is provided as below for reference.
Content extracted from TS 38.306 [3]
	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].
	UE
	No
	No
	Yes



As far as we know, whether UE can support the simultaneousRxDataSSB-DiffNumerology has nothing to do with the number of antenna modules. So, we tend to believe the existing requirement can be reused.
[bookmark: _Ref118627010]Proposal 9: The existing simultaneousRxDataSSB-DiffNumerology IE can be re-used in R18 multi-Rx chains WI.

In addition to the simultaneousRxDataSSB-DiffNumerology, the discussion of simultaneousRxDataSSB-DiffNumerology-Inter-r16 was also triggered in the last meeting. The corresponding requirement is provided as below for reference.
Content extracted from TS 38.306 [3]
	simultaneousRxDataSSB-DiffNumerology-Inter-r16
Indicates whether the UE supports concurrent SSB based inter-frequency measurement without measurement gap on 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]. UE indicates support of this indicates support of interFrequencyMeas-NoGap-r16. If this parameter is indicated for FR1 and FR2 differently, each indication corresponds to the frequency range where the SSB and PDCCH/PDSCH are received.
	UE
	No
	No
	Yes


According to above requirement, this UE capability is used for inter-frequency, which belongs to L3 measurement. Therefore, we believe the discussion is not in the scope of this WI.
[bookmark: _Ref127281235]Proposal 10: No need to discuss simultaneousRxDataSSB-DiffNumerology-Inter-r16 in R18 multi-Rx chains WI.

2.4 L3 measurement
According to the latest WID [4] as below, our understanding is RAN4 should focus on non L3 measurement related requirement before any update in RAN #100.
	· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier
· Enhanced RRM requirements:
· The following requirements should be studied and specified if necessary:
· L1-RSRP measurement delay
· RLM and BFD/CBD requirements
· Scheduling/measurement restrictions
· TCI state switching delay with dual TCI
· Receive timing difference between different directions (different QCL Type D RSs)
NOTEs:
· The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited.
· The work on L3 measurement related aspects for scheduling/measurement restriction requirements is not precluded.
· Further check in RAN #100 whether to include other L3 measurement related aspects and objectives subject to RAN4 progress.


So, the following proposal is suggested.
[bookmark: _Ref127281238][bookmark: _Ref115355255]Proposal 11: RAN4 should not discuss L3 measurement related requirement before any update in RAN #100. 

3 Summary
[bookmark: _Hlk94866332]In this paper, the discussion of R18 multi-Rx chains is provided. We have the following proposal:
Observation 1: Group based reporting can be used to align network and UE’s understanding about simultaneous reception with 2 antenna modules.
Observation 2: For non-group based reporting, the measurement results are reported individually by UE. It leads to the ambiguity on whether UE can receive two signals with two antenna modules
Proposal 1: In R18 multi-Rx chains WI, network only triggers dual TCI states after receiving group based reporting from UE, and UE should guarantee reception with multiple antenna modules after sending a group based report to network. Non-group based reporting is not considered in this WI.
Proposal 2: In R18 multi-Rx chains WI, RRM session deprioritize the case when two signals are received by one active UE Rx antenna module at a time, before any conclusion is reached in RF session
Proposal 3: Multi-Rx chains architecture should be discussed in RF session.
Proposal 4: In R18 multi-Rx chains WI, to deprioritize the case when UE is configured with multiple component carriers until the requirement of single component carrier is complete.
Observation 3: For inter-cell operation, typically, UE is in the middle of two cells which means the UE is at the cell edge of both cells. The chance for 4 MIMO layer data transmission is very low.
Proposal 5: Not to consider inter-cell mTRP operation in R18 multi-Rx chains WI.
Proposal 6: For detectable condition, all RSs in the same TCI chain for the target TCI state should remain detectable during the entire measurement/switch period.
Proposal 7: In R18 multi-Rx chains WI, no need to introduce a UE Rx antenna module control signal.
Proposal 8: The UE capability simultaneousReceptionDiffTypeD should be discussed after the basic assumptions (at least simultaneous received RS type and scenario) are clear.
Proposal 9: The existing simultaneousRxDataSSB-DiffNumerology IE can be re-used in R18 multi-Rx chains WI.
Proposal 10: No need to discuss simultaneousRxDataSSB-DiffNumerology-Inter-r16 in R18 multi-Rx chains WI.
Proposal 11: RAN4 should not discuss L3 measurement related requirement before any update in RAN #100.
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