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1 	Introduction
According to WF [1], RAN4 have some agreements while some issues are still open. In this meeting, this WI is divided into five agenda items to be discussed : (1) scope and scenario, (2) general issues, (3) L3 measurement, (4) L1 measurement and (5) TCI state switching. The discussion in this paper focus on the “scope and scenario”.
2 Discussion
In the following sections, below issues will be discussed sequentially.
· Scope
· Scenario
· UE capability
2.1 Scope
In this section, whether RAN4 should focus on 4-layer MIMO in this WI is discussed. The corresponding WF is provided below.
	Issue 1-1-1: Scope of the WI
· Proposals
· Option 1 (NTT DOCOMO, LGE, CMCC, Nokia, ZTE, vivo, Huawei): RRM discussion have not to be related to 4-layer MIMO directly, i.e., RRM enhancement thanks to multi-Rx chain which is not relevant to 4-layer MIMO should be discussed.
· Option 2 (Qualcomm): The WID scope on RRM is focused on 4-layer MIMO only.
· Option 3: It is not in the scope of the WI to define panel or RX chain specific behaviours with RX panel control signal for DL.


As our view in the last meeting, we believe the main intention of the whole WI is to achieve 4-layers MIMO because the “4-layer MIMO” show in many place in WID. So, we think the RRM requirement regardless of dual TCI state switching or L1-RSRP measurement should target to 4-MIMO layer to enhance the RRM requirement first. Besides, it would be very complicated and big effort if we want to define the RRM requirement for all cases, scenarios and purposes. Therefore, based on above analysis, the following proposal is suggested.
[bookmark: _Ref118626972]Proposal 1: For the scope of R18 multiple panels, to only define RRM requirements related to 4-layer MIMO.

2.2 Scenario
In this section, our views on following sub-issues are provided: (1) Multiple component carriers, (2) Inter-cell mTRP operation, (3) Scenarios for simultaneous reception, (4) SSB and CSI-RS based simultaneous L1 measurement scenario.

[bookmark: _Hlk118385034]2.2.1 Multiple component carriers
RAN4 has discussed this issue for several meetings, according to the WF [1] as below, RAN4 agree to focus on a single CC operation and FFS CA operation in the last meeting.
	<Agreement >:
· 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.


To us, there is a lot of issues to be discussed so far, e.g., L1-RSRP measurement, TCI state switch and some basic assumptions. So, we suggest deprioritizing the case when multi-Rx chain is enabled on only one of the component carriers until the requirement of single component carrier is complete.
[bookmark: _Ref118626974]Proposal 2: 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.

2.2.2 Inter-cell mTRP operation
Whether multiple UE Rx panels can be applied in both intra and inter cell operation is discussed without conclusion yet. To our understanding, the intention of multi-panel in this WI is for 4 MIMO layers data transmission. Comparing with intra-cell operation, inter-cell operation is not a typical use case, 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. So, the chance for 4 MIMO layer data transmission is very low. Therefore, we do not see the necessity to introduce the multi-panel requirement for inter-cell operation. 
[bookmark: _Ref118626976]Observation 1: 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 3: Not to consider inter-cell operation in R18 multi-Rx UE.

2.2.3 Scenarios for simultaneous reception
In the last meeting, some companies mentioned the scenario of the simultaneous reception can be as Figure 1-4 which is depending on number of the TRP and whether the two RSs are in the same SSB coverage. (Note: The following Figure 1-4 are cited from [2] )
[image: ]
[image: ]
We would like to introduce our assumption first before we analyse the above scenarios. Assume that all source RS in TCI state is Tracking RS (TRS), so UE performs UE Rx beam selection based on the SSB which is in the same TCI chain as the TRS. Because the “repetition” will not be provided for TRS, UE is not expected to perform beam sweeping on the TRS.
[bookmark: _Ref118398780][bookmark: _Ref118626987]Observation 2: If the source RS in TCI state is Tracking RS (TRS), UE uses the RS which is in the same TCI chain as the TRS to perform UE Rx beam selection.

Our analysis for Scenario A, B, C and D is provided as below. 
· Scenario A (simultaneous reception of RS #0 and RS #2, same TRP, same SSB index, same cell)
· According to our TRS assumption, the RS #0 and RS #2 in Figure 1 are TRS #0 and TRS #2, respectively.
· According to Observation 2, UE performs UE Rx beam selection based on SSB #0 from one TRP for both TRS #0 and TRS #2. In that case, only one panel and one UE Rx beam will be selected because beam selection on two panels is based on the same SSB. To be more precise, the QCL Type D RS of these two TRSs is the same. However, this scenario seems not in the scope of this WI which focuses simultaneous reception between two “different QCL Type D” RSs.

· [bookmark: _Ref118549312][bookmark: _Ref118626988]Observation 3: Scenario A (simultaneous reception of RS #0 and RS #2, same TRP, same SSB index, same cell) is not in the scope, because the WI focuses simultaneous reception between two “different QCL Type D” RSs.

· Scenario B (simultaneous reception of RS #0 and RS #10, different TRPs, same SSB index, same cell)
· According to our TRS assumption, the RS #0 and RS #10 in Figure 2 are TRS #0 and TRS #10, respectively. Besides, we assume the panel #1 and panel #2 point to TRP#1 and TRP #2, respectively.
· According to Observation 2, UE performs UE Rx beam selection based on SSB #0 from two TRPs for both TRS #0 and TRS #10. Although TRS #0 and TRS #10 are QCL-ed to SSB #0 from signalling, but they are actually not. This will lead to some problem when UE tries to apply the AGC, best Rx beam, timing error and frequency error from SSB#0 to TRS #0 and TRS #10. 
· On the other hand, one question is how UE knows the exact mapping between TRS and panel/beam if just one single RSRP value is reported based on its best Rx beam. When network schedules the PDSCH which is QCLed Type D with TRS #0, UE may mistakenly use panel 2 for reception because it achieved the highest RSRP among all Rx beams. In consequence, UE may not be able to receive the PDSCH due to wrong panel used. So, based on above analysis, to us, scenario B is problematic for simultaneous reception.

· [bookmark: _Ref118549314][bookmark: _Ref118626989]Observation 4: Scenario B (simultaneous reception of RS #0 and RS #10, different TRPs, same SSB index, same cell) is problematic, because UE cannot know which panel to receive the signals from different TRPs based on the measurement on SSB #0.

· Scenario C (simultaneous reception of RS #0 and RS #3, same TRP, different SSBs, same cell)
· According to our TRS assumption, the RS #0 and RS #3 in Figure 3 are TRS #0 and TRS #3, respectively. 
· According to Observation 2, in the beginning of this case, UE performs the beam selection for TRS #0 and TRS #3 based on SSB #0 and SSB #1, respectively. After UE Rx beams of TRS #0 and TRS #3 are determined, UE should be able to use two panels to receive the TRS #0 and TRS #3 at a time as long as the applicability condition made by RF session is met.

· Scenario D (simultaneous reception of RS #0 and RS #13, different TRPs, different SSBs, same cell)
· According to our TRS assumption, the RS #0 and RS #13 in Figure 3 are TRS #0 and TRS #13, respectively. 
· According to Observation 2, in the beginning of this case, UE performs the beam selection for TRS #0 and TRS #3 based on SSB #0 and SSB #3, respectively. After UE Rx beams of TRS #0 and TRS #13 are determined, UE should be able to use two panels to receive the TRS #0 and TRS #13 at a time as long as the applicability condition made by RF session is met.

To our understanding, there is no much difference between Scenarios C and D from UE perspective. We think, regardless of two SSBs are from the same TRP or different TRPs, UE should be able to receive the two signals if following two conditions are met:
· For QCL type D, the two source SSBs in two individual TCI chains of two signals are different.
· Applicability condition is met.

[bookmark: _Ref118549177][bookmark: _Ref118626993]Proposal 4: UE should be able to receive the signals from same TRP or different TRPs, as long as the following conditions are met.
· For QCL type D, the two source SSBs in two TCI chains of two simultaneous received signals are different
· Applicability condition.

2.2.4 SSB and CSI-RS based simultaneous L1 measurement scenario
In the last meeting, some companies suggest to further study which RS type can be applied for simultaneous reception. We think, for this issue, some logic in section 2.2.3 can be followed. In addition, we provide the analysis of intra-cell operation below since we prefer not to consider the inter-cell operation as our Proposal 3. 
The scenario can be further divided into three cases:

· Simultaneous reception of two SSBs from 2 intra-cell TRPs
· In this case, if UE receives two SSBs from two TRPs at a time, that means the index of two SSB is the same. In other words, the signals from 2 TRPs are combined over the air, leading to an SFN deployment. So, as our analysis in Observation 4, the following proposal is suggested.

[bookmark: _Ref118626997]Proposal 5: For intra cell scenario, not to consider the case when two SSBs are from 2 TRPs at a time.

· Simultaneous reception of SSB + CSI-RS from 2 intra-cell TRPs
· According to our Proposal 4, we have the following suggested proposal.

[bookmark: _Ref118626998]Proposal 6: For intra cell scenario, UE is able to receive SSB + CSI-RS at a time when the following conditions are met.
· For QCL Type D, the source SSB in TCI chain of the CSI-RS is not the simultaneous received SSB.
· applicability condition concluded in RF session.

· Simultaneous reception of two CSI-RSs from 2 intra-cell TRPs
· According to our Proposal 4, we have the following suggested proposal.

[bookmark: _Ref118627001]Proposal 7: For intra cell scenario, UE is able to receive two CSI-RSs at a time when the following conditions are met.
· Two source SSBs in two TCI chains of two CSI-RS are different.
· applicability condition concluded in RF session.

2.3 UE capability
[bookmark: _Hlk118571601]In this section, our views on following sub-issues are provided: (1) simultaneous reception of measured RS and data, (2) UE capability of simultaneousRxDataSSB-DiffNumerology.

2.3.1 Simultaneous reception of measured RS and data
There are a lot of discussions and proposals in the last meeting. Some companies thought the RS (maybe include L3 RS or L1 RS) and data can be received at a time while some companies thought some of them cannot be received by a UE at a time. However, to our understanding, RAN4 should focus on whether network can know when restriction can be applied if one additional dimension “panel” is introduced.
So, based on this observation, our discussion for “how to guarantee network can know when to have schedule restriction or when not to?” is provided as below.
In the legacy R15/R16 requirements, because only one active panel is assumed, it is simple to discuss the UE behaviour when measurement RS and data are collided in the same OFDM symbol. For the sake of handling the collision, scheduling restriction is defined in TS 38.133. 
However, in R18 multi-Rx, two active panels at a time are allowed, i.e., one additional dimension “panel” is considered. The discussion is about whether the scheduling restriction can be directly removed from R18 multi-Rx. Please note that UE still needs to continuously perform Rx beam sweeping on the RS to be measured. Then it comes to a question whether network completely knows when/how UE receives the PDSCH (e.g., which panel and which beam). Only if so, the scheduling restriction can be removed from R18 multi-Rx. To clearly explain our point, we have an example below.
Assume panel #1 and panel #2 are active at a time and they are used for data reception and measurement. In this case, there are four beams on each panel. In addition, UE has already performed Rx beam selection for PDSCH before, and beam #3 on panel #1 is the best configuration to receive PDSCH. Now, network schedules the PDSCH in the same symbol as SSB. Under this assumption, UE measurement scheduling can be as Table 1. (Note: assume RS and PDSCH have same SCS.)
[bookmark: _Ref118626760]Table 1. one possible UE measurement scheduling
	Time (ms)
	0
	20
	40
	60

	SSB occasion index
	0
	1
	2
	3

	Panel index
	1
	2
	1
	2
	1
	2
	1
	2

	Beam index for L1 measurement
	1
	2
	3
	4

	Whether UE can receive both SSB and PDSCH at a time
	X
	X
	O
	X



In SSB occasion #2, scheduling restriction is not needed because both SSB and PDSCH can be received by the same beam on the same panel. However, to our understanding, which panel is used for measurement (i.e., UE beam sweeping) is up to UE implementation. In other words, network never knows which panel/beam will be used by UE to measure the next SSB occasion. 
For example, as red index in Table 2, another one UE may have reverse order of beam index on panel #1 for beam sweeping. In this case, UE cannot receive the PDSCH anymore because UE applies beam #2 on panel #1 during SSB occasion #2. (Note: beam #3 on panel #1 is the best configuration to receive PDSCH). 
[bookmark: _Ref118626778]Table 2. another possible UE measurement scheduling
	Time (ms)
	0
	20
	40
	60

	SSB occasion index
	0
	1
	2
	3

	Panel index
	1
	2
	1
	2
	1
	2
	1
	2

	Beam index for L1 measurement
	4
	1
	3
	2
	2
	3
	1
	4

	Whether UE can receive both SSB and PDSCH at a time
	X
	O
	X
	X


[bookmark: _Ref118626862][bookmark: _Ref118627004]Observation 5: For a multiple panels UE, beam sweeping on SSB is still usually needed. How to use panel to perform beam sweeping in measurement is up to UE implementation and unknown to network.
Therefore, based on Observation 5 and above analysis, sometimes UE can use same beam and panel for reception of SSB and PDSCH on the same OFDM symbol while sometime UE cannot. But all in all, network never knows when UE can do so. We tend to believe, even though UE has two active panels at a time, scheduling restriction is still needed if network cannot know when to have schedule restriction.
[bookmark: _Ref118627008]Proposal 8: RAN4 to further study how to guarantee that network can know when to apply schedule restriction or when not to. If this cannot be guaranteed by network, scheduling restriction cannot be removed. 

2.3.2 SimultaneousRxDataSSB-DiffNumerology
The discussion of UE capability simultaneousRxDataSSB-DiffNumerology is triggered in the last meeting. As far as we know, whether UE can support the simultaneousRxDataSSB-DiffNumerology has nothing to do with the number of panels. So, based on this observation, it seems the existing requirement can be reused.

[bookmark: _Ref118627010]Proposal 9: The existing simultaneousRxDataSSB-DiffNumerology IE can be re-used in R18 multi-panel WI.

3 Summary
[bookmark: _Hlk94866332]In this paper, the discussion of FR2 multiple panels is provided. We have the following proposal:
Proposal 1: For the scope of R18 multiple panels, to only define RRM requirements related to 4-layer MIMO.
Proposal 2: 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.
Observation 1: 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 3: Not to consider inter-cell operation in R18 multi-Rx UE.
Observation 2: If the source RS in TCI state is Tracking RS (TRS), UE uses the RS which is in the same TCI chain as the TRS to perform UE Rx beam selection.
Observation 3: Scenario A (simultaneous reception of RS #0 and RS #2, same TRP, same SSB index, same cell) is not in the scope, because the WI focuses simultaneous reception between two “different QCL Type D” RSs.
Observation 4: Scenario B (simultaneous reception of RS #0 and RS #10, different TRPs, same SSB index, same cell) is problematic, because UE cannot know which panel to receive the signals from different TRPs based on the measurement on SSB #0.
Proposal 4: UE should be able to receive the signals from same TRP or different TRPs, as long as the following conditions are met.
· For QCL type D, the two source SSBs in two TCI chains of two simultaneous received signals are different
· Applicability condition.
Proposal 5: For intra cell scenario, not to consider the case when two SSBs are from 2 TRPs at a time.
Proposal 6: For intra cell scenario, UE is able to receive SSB + CSI-RS at a time when the following conditions are met.
· For QCL Type D, the source SSB in TCI chain of the CSI-RS is not the simultaneous received SSB.
· applicability condition concluded in RF session.
Proposal 7: For intra cell scenario, UE is able to receive two CSI-RSs at a time when the following conditions are met.
· Two source SSBs in two TCI chains of two CSI-RS are different.
· applicability condition concluded in RF session.
Observation 5: For a multiple panels UE, beam sweeping on SSB is still usually needed. How to use panel to perform beam sweeping in measurement is up to UE implementation and unknown to network.
Proposal 8: RAN4 to further study how to guarantee that network can know when to apply schedule restriction or when not to. If this cannot be guaranteed by network, scheduling restriction cannot be removed.
Proposal 9: The existing simultaneousRxDataSSB-DiffNumerology IE can be re-used in R18 multi-panel WI.
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Figure 2: Example deployment, Scenario B.
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Figure 3: Example deployment, Scenario C.
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Figure 4: Example deployment, Scenario D.
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