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1 Introduction
In last meeting, the WF is agreed[1]. There are many open issues, and we will analyze some of them:
	· Scheduling restriction for mTRP
· Scheduling restriction for L1 measurement
· Scheduling restriction for L3 measurement
· Measurement restriction for L1 measurement


2 Discussion
2.1 Scheduling restriction for mTRP
In previous meeting, company have different understanding about whether scheduling restriction can be relaxed. From our understanding, it depends on how the scheduling restriction is defined.
Here, we only discuss the scenario that UE simultaneously receive signals from two TRPs with two panels, where each panel is used for one TRP.
If the scheduling restriction is defined for each TRP respectively, the scheduling restriction for each TRP can’t be relaxed since one panel can still receive data from one TRP at one time.
If a joint scheduling restriction is defined for two TRP together, then the scheduling restriction may be relaxed. For example, UE may receive Data of TRP1 and RS of TRP2 from different directions at the same time. Then the legacy scheduling restriction will be relaxed.
However, if scheduling restriction is defined for each TRP separately, it can’t consider the impact of TX beam pair. For example, when TRP1 is transmitting RS, it may have impact of the data reception of TRP2. In that case, it’s possible that UE can’t receive data from TRP2.
Therefore, we suggest to define a joint scheduling restriction for two TRP together. In this case, since data are from two TRPs, it needs to specify data from which TRP can be received and from which can’t be received. For example, if UE is measuring for TRP1, UE can receive data from TRP2, while UE can’t receive data from TRP1.
Proposal 1: Define a joint scheduling restriction for two TRPs together. Need to specify data from which TRP can be received and from which TRP can’t be received.

2.2 Scheduling/measurement restriction for non-group based reporting 
For mTRP, there are many schemes, e.g. SDM, FDM, TDM. Then two TCI states may apply for several mTRP schemes.
For SDM, two TCI states will be used for simultaneous reception, where two panel will be used for measurement.
For TDM, two TCI states will be used for non-simultaneous reception, where one panel will be used for measurement.
For non-group reporting, two separate L1 reports for each TRP will be triggered. For each report, there is no indication which mTRP scheme will be used. UE don’t know whether one panel or two panel to be used. UE may apply one panel to measure for two TRPs if UE assume that it’s TDM scheme. In this way, no scheduling restriction or measurement restriction can be relaxed.
While for group-based reporting, UE is aware that the scheme is SDM, then UE will apply two panels for measurement. It’s possible that some scheduling restriction can be relaxed.
Observation 1: For non-group reporting, for each report configuration, there is no indication which mTRP scheme will be used. UE may apply one panel to measure for two TRPs.
Proposal 2: For non-group based reporting, no scheduling restriction or measurement restriction can be relaxed.
Next, we will discuss scheduling restriction for group-based report.
2.3 Scheduling restriction for group-based reporting 
2.3.1 TX beam pair
If scheduling restriction can be relaxed, the prerequisite is that the received signal quality of PDSCH needs to be guaranteed. However, due to simultaneous transmission, there may be interreference to receiver. For example, if the angle of two TX beams is not widely separated, UE may receive partial TX signal from another TX beam due to limited receiver angle resolution. The interference from another TX beam will degrade the SNR of received signal. 
For PDSCH+PDSCH, the received signal is guaranteed by ideal beam pair which is based on L1 report.
However, for PDSCH+RS for measurement. It’s different.
For RS for measurement, the TX beam direction for RS will vary in time domain. For example, If UE perform SSB based L1 measurement, UE need to measure SSB index 0, SSB index 1, SSB index 2 in one SSB resource set where each SSB index is corresponding to different TX beams. 
Therefore, for Data + RS, during measurement period, there will be multiple TX beam pairs. Since two TX beam directions in one TX beam pair are random combination, it possible that some of the TX beam pairs will not be ideal, which may degrade receiving signal quality of PDSCH.
Observation 2: For Data + Data, two TX beams are ideal beam pair which is selected by L1-RSRP report to guarantee two receive signal quality.
Observation 3: For Data + RS, there will be several TX beam pairs over time. Each TX beam pair is random combination of two TX beams. Interference from non-ideal TX beam pair may degrade the receiving signal quality of PDSCH.
If any scheduling restriction can be relaxed, the prerequisite is that the PDSCH quality needs to be guaranteed.
Proposal 3:  If scheduling restriction can be relaxed, the receiving quality of PDSCH needs to be guaranteed.

2.3.3 Scheduling restriction for L1 measurement in intra-cell mTRP
Timing offset impact 
For intra-cell mTRP, PDSCH and RS will not overlap in the same RE by rate matching. Non-ideal TX beam pair will have no impact to the performance of PDSCH if the timing difference of two signal is smaller than CP. If the timing offset is larger than CP, it can’t guarantee that the two signal are orthogonal in RE anymore.
Observation 4: For intra-cell mTRP, PDSCH and RS will not overlap in the same RE. Non-ideal TX beam pair will have no impact to the receiving signal quality if the timing difference of two signal is smaller than CP.
As we analysed in previous section, for intra-cell mTRP, PDSCH and RS will not overlap in the same RE by rate matching. If the timing offset is larger than CP, it can’t guarantee that the two signal are orthogonal in RE anymore. Then SNR of PDSCH may degrade.
Proposal 4: For intra-cell mTRP, scheduling restriction for L1 measurement can be relaxed only when timing offset is smaller than CP.

Two L1 measurements are being performed 
For intra-cell mTRP scenario, UE can perform simultaneous L1 measurement for two TRPs since these RS are orthogonal in time-frequency domain.
If two L1 measurements are performed simultaneously by two panels, Data from both TRPs can’t be received from each of the panels anymore.
Proposal 3: If two L1 measurements are performed simultaneously by two panels, no scheduling restriction can be relaxed.
One L1 measurements is being performed
If only one L1 measurements is being performed by one panel, Data from one of the TRPs can be received. 
For mTRP case, when conflicting with one measurement, only one data reception is allowed. Need to differentiate which TRP the PDSCH belong to:
· UE can’t receive Data from the same TRP which the measurement is performed for
· UE can receive Data from the different TRP where no measurement is performed
Proposal 4: For mTRP, if only one L1 measurements is being performed for one TRP, Data reception from another TRP can be relaxed.
· UE can’t receive Data from the same TRP which the measurement is performed for
· UE can receive Data from the different TRP where no measurement is performed

Impact of simultaneousRxDataSSB-DiffNumerology
For SSB + data case, whether there is scheduling restriction depends on UE capability simultaneousRxDataSSB-DiffNumerology and the SCS between SSB and data.
For CSI-RS + data case, there is no scheduling restriction since the SCS of two TRPs are the same. 
Proposal 5: For SSB + data case, whether there is scheduling restriction also depends on UE capability simultaneousRxDataSSB-DiffNumerology and the SCS between SSB and data.
In summary, the example of framework for SSB based L1 measurement scheduling restriction in intra-cell mTRP is as below:
When timing offset smaller than CP:
· If two L1 measurements are performed simultaneously by two panels, 
· Data from two TRPs can’t be received.
· If only one L1 measurements is being performed by one panel:
· UE can’t receive Data from the same TRP which the measurement is performed for
· UE can receive Data from the different TRP where no measurement is performed.
· if simultaneousRxDataSSB-DiffNumerology is supported when SCS and data are different
2.3.3 Scheduling restriction for L3 measurement
If Data and RS for L3 measurement are from different cells, they may overlap in the same RE, then the receiving signal quality may degrade due to non-ideal TX beam pair. Therefore, there are two cases to be considered:
· Data and RS for L3 measurement are not overlapped in the same RE 
· Data and RS for L3 measurement are overlapped in the same RE 
Timing offset will still have impact on the orthogonal of two signals. For SSB based L3 measurement, currently there is no timing offset limitation. That means even if the Data and SSB from neighbor cell are not overlapped in the same RE, the orthogonal can still be broken if timing offset is larger than CP. 
Observation 5: For Data+ L3 measurement, Data and RS may overlap in the same RE, then PDSCH quality may degrade due to interference. If they are not overlapped in time-frequency domain, the orthogonality can still be broken if timing offset is larger than CP.
[bookmark: _Hlk126943704]Another possible scenario is that legacy UE is has already be configured with multi-panels to increase spatial coverage, since a single panel can only cover partial spatial domain. But at one time, only one panel can be activated.
When simultaneous reception happens, UE can only use one panel to measurement neighbor cells since UE is receiving data from one TRP. Due to reduced spatial coverage, UE may not find candidate cells. It may have impact on UE mobility performance.
Observation 6: The spatial coverage for neighbor cell may be reduced if only one panel can be used, which may have impact on mobility.
It needs further discussion how to consider these issues for scheduling relaxation for L3 measurement.
Proposal 6: For scheduling relaxation for L3 measurement, further discuss whether simultaneous reception is feasible by considering the possible impact on PDSCH receiving quality and mobility.
2.4 Measurement restriction for group based reporting
Similar as scheduling restriction, for mTRP case, if measurement restriction is defined for each TRP separately, no measurement restriction can be relaxed. 
If a joint measurement restriction is defined for two TRPs jointly, the measurement restriction can be relaxed. However, it needs to clarify that from which TRP the RS can be simultaneously received. 
For example, 
· If CSI-RS based L1 measurements is being performed by one panel:
· UE can’t receive CSI-RS from the same TRP which the measurement is performed for
· UE can receive CSI-RS from the different TRP where no measurement is performed.
Proposal 7: Define a joint measurement restriction for two TRPs together. Need to specify RS from which TRP can be received and from which TRP can’t be received.
When SSB resource are configured in the two resource sets for two TRPs, SSB resource for the two set will not be overlapped in time. Therefore, for measurement restriction, we only need to consider the scenario that SSB for L1-RSRP collide with CSI-RS for RLM/BFD/L1-RSRP, similar as legacy. 
When CSI-RS resource are configured in the two resource sets, it’s possible that CSI-RS resource in one set will overlap with certain CSI-RS in another set in time domain. In legacy L1-RSRP measurement restriction, we already consider the case when SSB based measurement are conflicting with CSI-RS based measurement. On top of that, we also need to consider the confliction between two CSI-RS resources.
Proposal 8: For intra-cell mTRP, measurement restriction for CSI-RS based L1-RSRP needs consider two types of conflictions:
1. SSB collide with CSI-RS
2. CSI-RS collide with CSI-RS
Similar as scheduling restriction relaxation, the measurement restriction can be relaxed only when timing offset is smaller than CP.
Proposal 9: For intra-cell mTRP, the measurement restriction can be relaxed only when timing offset is smaller than CP.
Similarly, the impact of simultaneousRxDataSSB-DiffNumerology should be considered for SSB collide with CSI-RS.
For example:
· If SSB based L1 measurements is being performed for TRP1:
· UE can’t receive CSI-RS from the same TRP which the measurement is performed for
· UE can receive CSI-RS from the different TRP where no measurement is performed.
· UE can’t receive CSI-RS from the different TRP if SSB and CSI-RS have different SCS and UE didn’t support simultaneousRxDataSSB-DiffNumerology.

Proposal 10: For SSB + CSI-RS case, whether there is measurement restriction also depends on UE capability simultaneousRxDataSSB-DiffNumerology and the SCS between SSB and CSI-RS.
3 Conclusion
In this contribution, we provide our views regarding scheduling restriction/measurement restriction:
Proposal 1: Define a joint scheduling restriction for two TRPs together. Need to specify data from which TRP can be received and from which TRP can’t be received.
Observation 1: For non-group reporting, for each report configuration, there is no indication which mTRP scheme will be used. UE may apply one panel to measure for two TRPs.
Proposal 2: For non-group based reporting, no scheduling restriction or measurement restriction can be relaxed.
Observation 2: For Data + Data, two TX beams are ideal beam pair which is selected by L1-RSRP report to guarantee two receive signal quality.
Observation 3: For Data + RS, there will be several TX beam pairs over time. Each TX beam pair is random combination of two TX beams. Interference from non-ideal TX beam pair may degrade the receiving signal quality of PDSCH.
Proposal 3:  If scheduling restriction can be relaxed, the receiving quality of PDSCH needs to be guaranteed.
Observation 4: For intra-cell mTRP, PDSCH and RS will not overlap in the same RE. Non-ideal TX beam pair will have no impact to the receiving signal quality if the timing difference of two signal is smaller than CP.
Proposal 4: For intra-cell mTRP, scheduling restriction for L1 measurement can be relaxed only when timing offset is smaller than CP.
Proposal 5: For SSB + data case, whether there is scheduling restriction also depends on UE capability simultaneousRxDataSSB-DiffNumerology and the SCS between SSB and data.
Observation 5: For Data+ L3 measurement, Data and RS may overlap in the same RE, then PDSCH quality may degrade due to interference. If they are not overlapped in time-frequency domain, the orthogonality can still be broken if timing offset is larger than CP.
Observation 6: The spatial coverage for neighbor cell may be reduced if only one panel can be used, which may have impact on mobility.
Proposal 6: For scheduling relaxation for L3 measurement, further discuss whether simultaneous reception is feasible by considering the possible impact on PDSCH receiving quality and mobility.
Proposal 7: Define a joint measurement restriction for two TRPs together. Need to specify RS from which TRP can be received and from which TRP can’t be received.
Proposal 8: For intra-cell mTRP, measurement restriction for CSI-RS based L1-RSRP needs consider two types of conflictions:
1. SSB collide with CSI-RS
2. CSI-RS collide with CSI-RS
Proposal 9: For intra-cell mTRP, the measurement restriction can be relaxed only when timing offset is smaller than CP.
Proposal 10: For SSB + CSI-RS case, whether there is measurement restriction also depends on UE capability simultaneousRxDataSSB-DiffNumerology and the SCS between SSB and CSI-RS.
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