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1. Introduction
In RAN4#106-bis-e meeting, the WF[1] for WF on NR FR2 multi-Rx chain DL reception RRM requirements (part 1) was agreed, and there were open issues as followings,
	[bookmark: _Hlk127989931]Issue 3-1-1: Conditions/cases that scheduling restriction for L1 measurements can be relaxed for multi-Rx
<Way forward >: 
Company is encouraged to bring analysis on high-level principle in the next meeting.

Issue 3-1-3: Conditions/cases that scheduling restriction for L3 measurements can be relaxed for multi-Rx

Issue 3-2-1: Conditions/cases that measurement restriction for L1 measurements can be removed for multi-Rx



In this contribution, we discuss the open issues for scheduling and measurement restriction for UE with FR2 multi-Rx chain DL reception capability.
2. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]High level principle for scheduling/measurement restriction
The scheduling and measurement restriction shall consider if it’s for GBBR measurement or for a non-GBBR measurement, since UE could have different beam assumptions for ‘GBBR measurement’ and for ‘non-GBBR measurement but with pre-knowledge of beams during previous GBBR measurement’. For GBBR measurement, we think UE is doing the beam sweeping as same as the legacy L1 measurement, and therefore the legacy scheduling restriction or measurement restriction shall be applied for GBBR measurement. For GBBR measurement, even though somehow UE may support some measurements together with data reception (e.g., on different panel), but network has no way to know that, and then it shall not be specified as an scheduling or measurement restriction relaxation.
Proposal 1: to determine the high level principle, RAN4 needs to differentiate two scenarios for scheduling/measurement restriction for multi-Rx:
· scheduling/measurement restriction during GBBR measurement 
· scheduling/measurement restriction during non-GBBR L1 measurement 
In our view, as long as UE is performing GBBR measurement, UE is trying all possible beam pair combinations and performing beam sweeping without any pre-knowledge of which beam pair will have high/ low interference, and therefore both scheduling restriction and measurement restriction shall be applied like in legacy case.
Proposal 2: 
· legacy scheduling restriction shall be applied during the GBBR measurement.
· legacy L1 measurement restriction shall be applied during the GBBR measurement.
3. Discussion on measurement restriction for non-GBBR L1 measurement
The existing measurement restriction is specified as followings (using RLM as one example):
	8.1.2.3	Measurement restrictions for SSB based RLM
[unrelated part omitted]

For FR2, when the SSB for RLM 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 RLM and CSI-RS. Longer measurement period for SSB based RLM is expected, and no requirements are defined.

[unrelated part omitted]

	8.1.3.3	Measurement restrictions for CSI-RS based RLM
[unrelated part omitted]

For FR2, when the CSI-RS for RLM 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 RLM and SSB. Longer measurement period for CSI-RS based RLM is expected, and no requirements are defined.
For FR2, when the CSI-RS for RLM 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 RLM and the other CSI-RS. Longer measurement period for CSI-RS based RLM is expected, and no requirements are defined.
-	The CSI-RS for RLM 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 RLM without any restriction.

[unrelated part omitted]


Based on the existing measurement restriction requirement, three categories of RS shall be considered when defining measurement restriction requirement:
(1) The SSB for RLM, for BFD/CBD/L1-RSRP are all with beam sweeping
(2) The CSI-RS with beam sweeping: CSI-RS for CBD, CSI-RS for L1-RSRP with repetition on.
(3) The CSI-RS without beam sweeping: CSI-RS for RLM, CSI-RS for BFD, CSI-RS for L1-RSRP with repetition off.
The existing measurement restriction is applied as shown in following table 1. “Yes” means measurement restriction is applied, otherwise “No” means no measurement restriction is applied and parallel measurement shall be performed.
Table 1. Summary for existing measurement restriction applicability
	Scheduling Restriction Applicability
	SSB RLM/BFD/CBD/L1-RSRP
	CSI-RS RLM/BFD/L1-RSRP(repetition OFF)
	CSI-RS CBD/L1-RSRP(repetition ON)

	SSB RLM/BFD/CBD/L1-RSRP
	NA
	Yes 
	Yes

	CSI-RS RLM/BFD/L1-RSRP(repetition OFF)
	Yes 
	QCLed typeD: No
Non-QCLed typeD: Yes
	Yes

	CSI-RS CBD/L1-RSRP(repetition ON)
	Yes 
	Yes
	Yes


Thus, the current measurement restriction applies based on the following main principles:
(1) At least one of the RS needs beam sweeping (e.g., SSB, or CSI-RS for CBD, or CSI-RS for L1-RSRP with repetition ON), or
(2) These two RSs are not QCLed type D
Observation: the existing measurement restriction applies based on the following main principles:
(1) At least one of the RS needs beam sweeping (e.g., SSB for RLM/BFD/CBD/L1-RSRP, or CSI-RS for CBD, or CSI-RS for L1-RSRP with repetition ON), or
(2) These two RSs are not QCLed type D
For multiple-Rx chain capable UE whose multiple-Rx chain are enabled, if UE has reported the group based L1-RSRP or L1-SINR for these two RSs, that means UE is able to receive or measure these two RSs simultaneously. In RAN1 spec TS38.214 section 5.2.1.4.2, it is specified that,
	If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRP', 'ssb- Index-RSRP', 'cri-RSRP- Index' or 'ssb-Index-RSRP- Index',
- if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'disabled', the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in a single report nrofReportedRS (higher layer configured) different CRI or SSBRI for each report setting.
- if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in a single reporting instance two different CRI or SSBRI for each report setting, where CSI-RS and/or SSB resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.


In TS38.331, the CSI-ReportConfig for group reporting is defined as following,
	csi-SSB-ResourceSetList, csi-SSB-ResourceSetListExt
List of references to SSB resources used for CSI measurement and reporting in a CSI-RS resource set (see TS 38.214 [19], clause 5.2.1.2). The csi-SSB-ResourceSetListExt provides additional references and can only be configured if csi-SSB-ResourceSetList is configured and groupBasedBeamReporting-v1710 is configured in the CSI- ReportConfig that indicates this CSI-ResourceConfig as resourcesForChannelMeasurement. If groupBasedBeamReporting-v1710 is configured in the IE CSI-ReportConfig that indicates this CSI-ResourceConfig as resourceForChannelMeasurement, the network configures 2 resource sets, which may be two NZP CSI-RS resource sets, two CSI SSB resource sets or one NZP CSI-RS resource set and one CSI-SSB resource set (see TS 38.214 [19], clause 5.2.1.2 and 5.2.1.4.2). In this case, in TS 38.212 [17] Table 6.3.1.1.2-8B:
- if the list has one CSI-SSB resource set, this resource set is indicated by a resource set indicator set to 1, while the resource set indicator of the NZP CSI-RS resource set is 0;
- if the list has two CSI-SSB resource sets, the first resource set is indicated by a resource set indicator set to 0 and the second resource set by a resource set indicator set to 1.


Thus, no matter SSB or CSI-RS and no matter ‘with Rx beam sweeping’ or ‘without Rx beam sweeping’, as long as these two RSs for RLM/CBD/BFD/L1-RSRP has been reported in a pair of grouped CSI reporting, no measurement restriction shall be applied for multiple-Rx chain capable UE whose multiple-Rx chain are enabled.
As shown in figure 1, if the previous GBBR measurement is using the resource sets with repetition ON, UE was using beam sweeping to find the best beam pair for GBBR, e.g., beam 3 and 4, and such beam pair reported in GBBR is to indicate UE can support simultaneous reception with such CSI-RS1 TCI and CSI-RS2 TCI, but for individual L1-RSRP measurement, the beam 1 and beam 2 are the best beams to achieve the best L1-RSRP, respectively. Beam 3 and beam 4 might have low interference for simultaneous reception to each other, however, beam 1 and beam 2 may have high interference and cannot support simultaneous reception. Thus, as long as previous GBBR is based on resource set with repetition ON, measurement restriction shall be applied for the non-GBBR L1 measurement even though the RSs for non-GBBR L1 measurement is reported in a GBBR pair or RSs for non-GBBR L1 measurement is QCLed typed D with the RSs reported in a GBBR pair. Since SSB based L1 measurement is like repetition ON case (Rx beams sweeping is always assumed in both GBBR and non-GBBR L1 measurement), the non-GBBR L1 measurement based on SSB shall be always with measurement restriction.
[image: A picture containing butterfly, cartoon, art

Description automatically generated]
Figure 1. spatial separation between RS for non-GBBR L1 measurement (previous GBBR is repetition ON)
If the previous GBBR is using resource sets both with repetition OFF, UE used only one Rx beam to perform the GBBR measurement, and if the RSs in non-GBBR L1 measurement is QCLed type D to or same as the RSs in reported GBBR, UE will use the same Rx beams to perform non-GBBR L1 measurement. Even when the non-GBBR L1 measurement is based on resource set with repetition ON, UE will only refine the Rx beams for non-GBBR L1 measurement inside the beam pair of previous GBBR measurement, like shown in figure 2. Thus, if previous GBBR is based on resource set with repetition OFF, measurement restriction shall not be applied for the non-GBBR L1 measurement when the RSs for non-GBBR L1 measurement is reported in a GBBR pair or RSs for non-GBBR L1 measurement is QCLed typed D with the RSs reported in a GBBR pair.
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Figure 2. spatial separation between RS for non-GBBR L1 measurement (previous GBBR is repetition OFF)
Proposal 3: Measurement restriction shall be applied for SSB based non-GBBR L1 measurement (RLM/BFD/CBD/L1-RSRP), i.e., no relaxation.
Proposal 4: for CSI-RS based non-GBBR L1 measurement (RLM/BFD/CBD/L1-RSRP), if UE supports multi-Rx chain and the multi-Rx chain is enabled:
· if CSI-RSs for non-GBBR L1 measurement is reported in a previous GBBR pair, or if CSI-RSs for non-GBBR L1 measurement is QCLed typed D with the CSI-RS reported in a previous GBBR pair; and such previous GBBR is based on both resource sets with repetition OFF,
· no measurement restriction shall be applied
· otherwise for all the other cases, measurement restriction shall be applied, i.e., no relaxation.
4. Discussion on scheduling restriction
3.1 Scheduling restriction for L1 measurement (RLM/BFD/CBD/L1-RSRP)
As discussed in section 2, for L1 measurement following three categories are considered:
(1) The SSB for RLM, for BFD/CBD/L1-RSRP are all with beam sweeping
(2) The CSI-RS with beam sweeping: CSI-RS for CBD, CSI-RS for L1-RSRP with repetition on.
(3) The CSI-RS without beam sweeping: CSI-RS for RLM, CSI-RS for BFD, CSI-RS for L1-RSRP with repetition off.
The existing scheduling restriction for L1 measurement is applied as shown in following table 2. “Yes” means scheduling restriction is applied, otherwise “No” means no scheduling restriction is applied.
Table 2. Summary for existing scheduling restriction applicability for L1
	
	SSB RLM/BFD/CBD/L1-RSRP
	CSI-RS RLM/BFD/L1-RSRP(repetition OFF)
	CSI-RS CBD/L1-RSRP(repetition ON)

	Scheduling Restriction Applicability
	Yes
	QCLed-typeD with TCI state for PDCCH or PDSCH: No
Non-QCLed-typeD with TCI state for PDCCH or PDSCH: Yes

	Yes



Similar as measurement restriction, no matter SSB or CSI-RS and no matter ‘with Rx beam sweeping’ or ‘without Rx beam sweeping’, as long as the RS for RLM/CBD/BFD/L1-RSRP and the CSI-RS for TCI of PDCCH or PDSCH has been reported in a pair of grouped CSI reporting, no scheduling restriction shall be applied for multiple-Rx chain capable UE whose multiple-Rx chain are enabled. In this case, network is aware of which RS pair is supported by this UE because of the grouped CSI reporting and therefore there no need to have new signaling to indicate such scheduling restriction applicability from UE to network. Similar as analysis for L1 measurement restriction. 
Proposal 5: scheduling restriction shall be applied for SSB based non-GBBR L1 measurement (RLM/BFD/CBD/L1-RSRP), i.e., no relaxation.
Proposal 6: for CSI-RS based non-GBBR L1 measurement (RLM/BFD/CBD/L1-RSRP), if UE supports multi-Rx chain and the multi-Rx chain is enabled:
· if CSI-RS for non-GBBR L1 measurement and the CSI-RS for TCI of PDCCH or PDSCH is reported in a previous GBBR pair, or if CSI-RSs for non-GBBR L1 measurement and the CSI-RS for TCI of PDCCH or PDSCH is QCLed typed D with the CSI-RS reported in a previous GBBR pair; and such previous GBBR is based on both resource sets with repetition OFF,
· no scheduling restriction shall be applied
· otherwise for all the other cases, scheduling restriction shall be applied, i.e., no relaxation.
3.2 Scheduling restriction for L3 measurement
For SSB based L3 measurement for mobility, the beam sweeping is always assumed on thew whole spherical area to detect the potential neighbor cells’ SSBs, and on those SSBs for L3 measurement, the scheduling restriction is applied. However, since the multi-Rx chain UE now has capability of simultaneous reception on different AoAs, it would be possible to avoid scheduling restriction on some of the L3 measurement occasions. As shown in the following figure 2 as an example, the rough Rx beam sweeping on right panel will not cause interruption to the data/control channel reception on the left panel.
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Figure 3. Example for scheduling restriction on L3 measurement
However, the only difficult part is that network is not aware of which L3 measurement occasions can be used for scheduling. We do observe the benefit to enhance the throughput for the UE to mute the scheduling restriction on some of the L3 measurement occasions, e.g., in the figure 2 case, 50% of throughput loss can be saved compared with legacy requirement. Since L3 measurement is periodic and quite static (RRC configuration based), RAN4 can further discuss how to indicate the scheduling restriction information to network, and network can use the some of the L3 measurement occasions for scheduling. Details of indication and signaling can be FFS, e.g., UE may indicate a periodic pattern to network to tell which L3 occasion can have no scheduling restriction, but we also agree that when the scheduling active TCI is changed, UE may need to indicate a new pattern then.
Proposal 7: For scheduling restriction for L3 measurement, if UE supports multi-Rx chain and the multi-Rx chain is enabled: 
· if the spatial separation is large enough between the RS for L3 measurement and the CSI-RS for TCI of PDCCH or PDSCH, no scheduling restriction shall be applied on this L3 measurement occasions. UE may need to indicate scheduling restriction information to network. Details of indication and signaling can be FFS.
5. Conclusion
In this contribution, we discuss the measurement and scheduling restriction for multi-Rx chain capable UE.
Proposal 1: to determine the high level principle, RAN4 needs to differentiate two scenarios for scheduling/measurement restriction for multi-Rx:
· scheduling/measurement restriction during GBBR measurement 
· scheduling/measurement restriction during non-GBBR L1 measurement 
Proposal 2: 
· legacy scheduling restriction shall be applied during the GBBR measurement.
· legacy L1 measurement restriction shall be applied during the GBBR measurement.
Observation: the existing measurement restriction applies based on the following main principles:
· At least one of the RS needs beam sweeping (e.g., SSB for RLM/BFD/CBD/L1-RSRP, or CSI-RS for CBD, or CSI-RS for L1-RSRP with repetition ON), or
· These two RSs are not QCLed type D
Proposal 3: Measurement restriction shall be applied for SSB based non-GBBR L1 measurement (RLM/BFD/CBD/L1-RSRP), i.e., no relaxation.
Proposal 4: for CSI-RS based non-GBBR L1 measurement (RLM/BFD/CBD/L1-RSRP), if UE supports multi-Rx chain and the multi-Rx chain is enabled:
· if CSI-RSs for non-GBBR L1 measurement is reported in a previous GBBR pair, or if CSI-RSs for non-GBBR L1 measurement is QCLed typed D with the CSI-RS reported in a previous GBBR pair; and such previous GBBR is based on both resource sets with repetition OFF,
· no measurement restriction shall be applied
· otherwise for all the other cases, measurement restriction shall be applied, i.e., no relaxation.
Proposal 5: scheduling restriction shall be applied for SSB based non-GBBR L1 measurement (RLM/BFD/CBD/L1-RSRP), i.e., no relaxation.
Proposal 6: for CSI-RS based non-GBBR L1 measurement (RLM/BFD/CBD/L1-RSRP), if UE supports multi-Rx chain and the multi-Rx chain is enabled:
· if CSI-RS for non-GBBR L1 measurement and the CSI-RS for TCI of PDCCH or PDSCH is reported in a previous GBBR pair, or if CSI-RSs for non-GBBR L1 measurement and the CSI-RS for TCI of PDCCH or PDSCH is QCLed typed D with the CSI-RS reported in a previous GBBR pair; and such previous GBBR is based on both resource sets with repetition OFF,
· no scheduling restriction shall be applied
· otherwise for all the other cases, scheduling restriction shall be applied, i.e., no relaxation.
Proposal 7: For scheduling restriction for L3 measurement, if UE supports multi-Rx chain and the multi-Rx chain is enabled: 
· if the spatial separation is large enough between the RS for L3 measurement and the CSI-RS for TCI of PDCCH or PDSCH, no scheduling restriction shall be applied on this L3 measurement occasions. UE may need to indicate scheduling restriction information to network. Details of indication and signaling can be FFS.
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