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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 “scheduling/measurement restriction”. 
2 Discussion
In the following sections, below topics are discussed sequentially.
· Scheduling restriction
· Measurement restriction

2.1 Scheduling restriction
Before we discuss how to define the requirement of scheduling restriction in R18 multi-Rx chains WI. We would like to summary the principle in legacy R15/R16/R17 requirement first.
Legacy R15/R16/R17 requirement
In the legacy R15/R16/R17 requirements, because only one active antenna module is assumed, it is simple to discuss the UE behaviour when RS and data are collided in the same OFDM symbol. For the sake of handling the collision, the requirement of scheduling restriction is defined in TS 38.133 [3]. One example defined in FR2 L1-RSRP measurement requirement is provided as below for reference.
	9.5.6.3	Scheduling availability of UE performing L1-RSRP measurement on FR2
The following scheduling restriction applies due to L1-RSRP measurement.
[bookmark: _Hlk126843177]-	For the case where RS for L1-RSRP measurement is CSI-RS which is QCLed with active TCI state for PDCCH/PDSCH and not in a CSI-RS resource set with repetition ON, and N=1 applies as specified in clause 9.5.4.2
-	There are no scheduling restrictions due to L1-RSRP measurement performed based on the CSI-RS.
-	Otherwise 
-	In non-HST scenario, for FR2-1 or the reference symbols to be measured for L1-RSRP is not using 480 kHz SCS or 960 kHz SCS on FR2-2, the UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on
-	symbols corresponding to the SSB indexes configured for L1-RSRP measurement, and/or
-	symbols corresponding to the periodic CSI-RS resource configured for L1-RSRP measurement, and/or
-	symbols corresponding to the semi-persistent CSI-RS resource configured for L1-RSRP measurement when the resource is activated, and/or
-	symbols corresponding to the aperiodic CSI-RS resource configured for L1-RSRP measurement when the reporting is triggered.
...


Below is the summary of the above requirement, based on the RS types.
· Scenarios that need restriction
· Measured RS is SSB
· Measured RS is CSI-RS which is not QCLed with active TCI state for PDCCH/PDSCH or in a CSI-RS resource set with repetition ON (Rx beam sweeping factor N=8)

· Scenarios without restriction
· Measured RS is CSI-RS which is QCLed with active TCI state for PDCCH/PDSCH and in a CSI-RS resource set with repetition OFF (Rx beam sweeping factor N=1)
So, based on the summary, it can be observed that restriction is applied when UE is allowed to sweep beams for the RS.
[bookmark: _Ref126855783][bookmark: _Ref127285141]Observation 1: In FR2 legacy R15/R16/R17 requirement, scheduling restriction is applied when UE is allowed to sweep beams for the RS. 

R18 requirement
In R18 multi-Rx chains WI, two active antenna modules at a time are allowed, i.e., one additional dimension “antenna module” is considered. The discussion is about whether the scheduling restriction can be directly removed from R18 multi-Rx chains WI. Please note that UE may still need to continuously perform Rx beam sweeping on the RS to be measured. We think it is necessary that UE should be allowed to try all antenna modules to measure the RS regardless of the number of antenna modules activated simultaneously. Because UE should keep finding the best pair of antenna modules (and their beams) for receiving 2 RSs, and, by using Rel-17 group-based reporting, update to network which two RSs measured by two different antenna modules become better. 
[bookmark: _Ref127459707][bookmark: _Ref127459932]Observation 2: In order to find the best pair of antenna module and beam for a RS, UE should be allowed to sweep beams across both antenna modules to measure the RS regardless of that data is received on which antenna module. 
In other words, restriction remains when UE is allowed to perform beam sweeping on a RS to be measured, which could involve all antenna modules. According to this principle, scheduling restriction for “SSB + Data” and “CSI-RS + Data” are discussed below. 
In “SSB + Data”, because UE should always perform beam sweeping on SSB symbols, scheduling restriction is needed on all antenna modules. 
[bookmark: _Ref127285153]Proposal 1: Scheduling restriction is needed for the case when UE simultaneously receives SSB and data.
In “CSI-RS + Data”, it can be further divided into following two cases.
1. RS is CSI-RS which is QCLed with active TCI state for PDCCH/PDSCH and in a CSI-RS resource set with repetition OFF (Rx beam sweeping factor N=1)
· To our understanding, scheduling restriction may be not needed in this case, because UE does not need to sweep beam for the CSI-RS (since it is repetition OFF), and QCL information of the CSI-RS is provided (QCLed with data).
[bookmark: _Ref127285155]Proposal 2: Scheduling restriction may not be needed on CSI-RS, where the CSI-RS is QCLed with active TCI state for PDCCH/PDSCH and in a CSI-RS resource set with repetition OFF, and N=1.

2. RS is CSI-RS which is not QCLed with active TCI state for PDCCH/PDSCH or in a CSI-RS resource set with repetition ON (Rx beam sweeping factor N=8).
· To our understanding, restriction is needed in this case. The similar logic as “SSB + Data” can be reused here because UE will sweep beams for the CSI-RS (since it is repetition ON). In addition, restriction is also needed if the QCL information of the CSI-RS is not provided to UE.
[bookmark: _Ref127285156]Proposal 3: Scheduling restriction is needed on CSI-RS, where the CSI-RS is not QCLed with active TCI state for PDCCH/PDSCH or in a CSI-RS resource set with repetition ON.
2.2 Measurement restriction
In this section, we would also like to summary the principle in legacy R15/R16/R17 requirement first, and then discuss the R18 requirement.
Legacy R15/R16/R17 requirement
In the legacy R15/R16 requirements, similar with scheduling restriction, because only one active antenna module is assumed, it is simple to discuss the UE behaviour when two RSs are collided in the same OFDM symbol. For the sake of handling the collision, the requirement of measurement restriction is defined in TS 38.133 [3]. One example defined in FR2 L1-RSRP measurement requirement is provided as below for reference.
	9.5.5.1	Measurement restriction for SSB based L1-RSRP
...

For FR2, when the SSB for L1-RSRP measurement on one CC is in the same OFDM symbol as CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band, UE is required to measure one of but not both SSB for L1-RSRP measurement and CSI-RS. Longer measurement period for SSB based L1-RSRP measurement is expected, and no requirements are defined.

...
9.5.5.2	Measurement restriction for CSI-RS based L1-RSRP
...

For FR2, when the CSI-RS for L1-RSRP measurement on one CC is in the same OFDM symbol as SSB for RLM, BFD or L1-RSRP measurement on the same CC or different CCs in the same band, or in the same symbol as SSB for CBD measurement on the same CC or different CCs in the same band when beam failure is detected, UE is required to measure one of but not both CSI-RS for L1-RSRP measurement and SSB. Longer measurement period for CSI-RS based L1-RSRP measurement is expected, and no requirements are defined.

For FR2, when the CSI-RS for L1-RSRP measurement on one CC is in the same OFDM symbol as another CSI-RS for RLM, BFD, CBD or L1-RSRP measurement on the same CC or different CCs in the same band,

-	In the following cases, UE is required to measure one of but not both CSI-RS for L1-RSRP measurement and the other CSI-RS. Longer measurement period for CSI-RS based L1-RSRP measurement is expected, and no requirements are defined.
-	The CSI-RS for L1-RSRP measurement or the other CSI-RS in a resource set configured with repetition ON, or 
-	The other CSI-RS is configured in q1 and beam failure is detected, or
-	The two CSI-RS-es are not QCL-ed w.r.t. QCL-TypeD, or the QCL information is not known to UE,

-	Otherwise, UE shall be able to measure the CSI-RS for L1-RSRP measurement without any restriction.




Below is the summary of the requirement.
· Scenarios that need restriction
· One of two measured RS is SSB
· One of two measured RS is CSI-RS which 
· UE is performing beam sweeping on the CSI-RS, or
· QCL information is unknown to UE
· Two measured RS is CSI-RS and they are not QCL Type D.
[bookmark: _Hlk126868643]So, based on the summary, it can be observed that restriction is needed when UE sweeps beam for a measured RS, or the QCL information of CSI-RS is unknown to UE, or two measured CSI-RS are not QCL Type D.
[bookmark: _Ref126869617][bookmark: _Ref127285165]Observation 3: In FR2 legacy R15/R16/R17 requirement, measurement restriction is applied for the following cases:
· UE sweeps beam for a measured RS
· the QCL information of CSI-RS is unknown to UE
· two measured CSI-RS are not QCL Type D.

R18 requirement
According to Observation 3, in legacy requirement, we can know that the measurement restriction is applied if one of following conditions is met: (1) beam sweeping is needed, (2) QCL information is unknown to UE and (3) two measured CSI-RSs are not QCL Type D. However, to our understanding, condition (3) is no need to be discussed in R18 since the scenario what we considered in this WID is simultaneous reception of “two different QCL Type D RSs”. So, we think RAN4 can reuse legacy conditions (1) and (2) to define the requirement of measurement restriction in R18. Therefore, we have following two proposals.
[bookmark: _Ref127285173]Proposal 4: In R18 multi-Rx chains, measurement restriction is needed when beam is swept for one or two RS(s) on two antenna modules, i.e., restriction is applied as long as N of one RS in two RSs is larger than one.
[bookmark: _Ref127285174]Proposal 5: In R18 multi-Rx chains, measurement restriction may not be needed only if all following conditions are met:
· Beam sweeping factor (N) of the two measured RSs is 1 with the QCL Type D information of the two RSs known to UE, and
· the requirement applicability of two RSs reception concluded in RF session is met.

3 Summary
[bookmark: _Hlk94866332]In this paper, the discussion of R18 multi-Rx chains is provided. We have the following proposal:
Observation 1: In FR2 legacy R15/R16/R17 requirement, scheduling restriction is applied when UE is allowed to sweep beams for the RS.
Observation 2: In order to find the best pair of antenna module and beam for a RS, UE should be allowed to sweep beams across both antenna modules to measure the RS regardless of that data is received on which antenna module.
Proposal 1: Scheduling restriction is needed for the case when UE simultaneously receives SSB and data.
Proposal 2: Scheduling restriction may not be needed on CSI-RS, where the CSI-RS is QCLed with active TCI state for PDCCH/PDSCH and in a CSI-RS resource set with repetition OFF, and N=1.
Proposal 3: Scheduling restriction is needed on CSI-RS, where the CSI-RS is not QCLed with active TCI state for PDCCH/PDSCH or in a CSI-RS resource set with repetition ON
Observation 3: In FR2 legacy R15/R16/R17 requirement, measurement restriction is applied for the following cases:
· UE sweeps beam for a measured RS
· the QCL information of CSI-RS is unknown to UE
· two measured CSI-RS are not QCLed Type D.
Proposal 4: In R18 multi-Rx chains, measurement restriction is needed when beam is swept for one or two RS(s) on two antenna modules, i.e., restriction is applied as long as N of one RS in two RSs is larger than one.
Proposal 5: In R18 multi-Rx chains, measurement restriction may not be needed only if all following conditions are met:
· Beam sweeping factor (N) of the two measured RSs is 1 with the QCL Type D information of the two RSs known to UE, and
· the requirement applicability of two RSs reception concluded in RF session is met.
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