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[bookmark: _Toc116995841]Introduction
In this paper we discuss RRM aspects related to the multi-Rx chain reception in FR2 for Rel-18. We discuss beam sweeping factor N which has impact on RRM enhancements to radio link recovery procedures for multi-TRP scenarios. 
In RAN4#106 meeting, it was agreed that the following sections are to be used as baseline for L1 measurements requirements
Baseline L1 measurement requirements for potential multi-Rx enhancement
· For cell specific RLM: section 8.1
· For cell specific link recovery: section 8.5
· For TRP specific link recovery: section 8.18
· For L1-RSRP measurement: section 9.5.

[bookmark: _Toc116995842]Discussion
Based on the outcome of the last RAN4 meeting [1], the following agreements were made with respect to L1 measurements.
	Sub-topic 1-1: Group based beam reporting (GBBR) requirements
Conditions for beam pair selection:
Agreement
· Do not introduce additional conditions for beam pair reporting in GBBR on top of the conditions defined in RAN1 specifications in Rel-18
L1-RSRP for GBBR:
Agreement
· GBBR measurement delay requirements will be defined under assumption that UE uses a single Rx panel for measurements at one time instance 
Companies are requested to bring further analysis on L1-RSRP requirements for GBBR in next meeting
Sub-topic 1-2: L1-RSRP measurement requirements 
Issue 1-2-1: Methods to achieve faster beam sweeping 
Agreements:
RAN4 to define new optional UE capability for beam sweeping factor reduction for SSB-based L1-RSRP measurement if the UE is capable of multi-Rx operation.
Issue 1-2-3: Candidate values for beam sweeping factor reduction:
Agreements:
The candidate number can be {2, 4, 6} for FR2-1.





Further discussions on open issues for L1 measurements are in [2] , and they can be split into the following subtopics.

RSs for Measurements
	Issue 1-3-3: Whether SSB+CSI-RS is supported for GBBR
· FFS based on RAN1 reply LS



In the last meeting the above issue was discussed regarding RSs for measurements [1]:
As per the RAN 1 reply[5], a mix of SSB and CSI-RS is not supported for Rel-17 group-based L1-RSRP measurement and report. In this respect, there is the following specification support: 
	Answer for Question 1: The two resource sets configured for Rel-17 group-based L1-RSRP report cannot contain a mix of SSB and CSI-RS



[bookmark: _Ref131160942][bookmark: _Toc135070268][bookmark: _Toc142597993]RAN 4 not to define requirements with a combination of SSB and CSI-RS for GBBR rel 17.

L1-RSRP measurement requirements 
In the last meeting the following issues were discussed for L1 measurement requirements [1]:
	Sub-topic 1-2: L1-RSRP measurement requirements 
Issue 1-2-1: Methods to achieve faster beam sweeping 
Agreements:
RAN4 to define new optional UE capability for beam sweeping factor reduction for SSB-based L1-RSRP measurement if the UE is capable of multi-Rx operation.

Issue 1-2-2: Conditions under which beam sweeping reduction is possible that will in turn translates to measurement period reduction 
FFS:
· It is possible to enhance the measurement delay under certain conditions, e.g.:
· UE has indicated optional UE capability for beam sweeping factor reduction for SSB-based L1-RSRP measurement and UE has the multi-rx operation capability. 
· Condition #2: UE is configured with dual TCI,
· Condition #3: UE is not configured with CA or DC,
· Condition #4: The simultaneously received RSs are in PCell only, 
· Condition #5: Both RSs and their associated signals in the QCL type D infos are detectable during the entire measurement period,
· Condition #6: The RSs are configured to have common (overlapping in time) RS occasions,
· Condition #7: The side conditions, applied in the common RS occasions, hold.
· Condition #8: The measured RS is being received simultaneously with another RS, where the two RSs have QCL-TypeD with different references.

Issue 1-2-3: Candidate values for beam sweeping factor reduction:
Agreements:
The candidate number can be {2, 4, 6} for FR2-1.

Issue 1-2-5: Other issues on Measurement period 
Issue 1-2-5-1: UE behaviour during multi-RX operation  
FFS
· Proposal 1: UE shall continue measurements when switching to/from multi-rx operation occurs during the measurement period, but the more relaxed requirements (between the corresponding legacy and multi-rx requirements) shall apply for the impacted measurement period.
· Proposal 2: If the UE needs to drop/restart the measurement upon the switching, then switching should not be more frequent than at least one measurement period.
 
Issue 1-2-5-2: Measurement period 
FFS
· Proposal 1: For multi-rx operation, the measurement period is enhanced by a new scaling parameter L, to account for simultaneous reception of different RSs. L=1 for non-simultaneous reception, L=TBD<1 (e.g., L=½ ) when multi-rx operation is activated and the necessary conditions for multi-rx operation are met.
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

	non-DRX
	max(TReport, ceil(M*P*N*L)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N*L)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P*N*L)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.








[bookmark: _Toc142597994]Reduced beam sweeping scaling factor is enabled using multiple panels, i.e. monitoring of RS from different directions simultaneously, and it has no relationship to configured TCI states, or CA/DC configuration, or being received simultaneously with another RS.  
[bookmark: _Toc142597995]For a multi Rx UE that reports faster beam sweeping, measurement delay is always considered with the reduced beam sweeping scaling factor.  
[bookmark: _Toc142597996]Reduced beam sweeping scaling factor is always enabled, without further conditions. 

Group based beam reporting
In the last meeting the following issue was discussed regarding group based beam reporting [1]:
	L1-RSRP for GBBR:
Agreement
· GBBR measurement delay requirements will be defined under assumption that UE uses a single Rx panel for measurements at one time instance 
Companies are requested to bring further analysis on L1-RSRP requirements for GBBR in next meeting

Issue 1-1-6: Assumptions on overlap conditions of RS measurement occasions for GBBR
· FFS
· Option 1: enhanced requirements are defined only for full overlap
· Option 2: enhanced requirements are defined also for partial overlap (the exact reduction for partial overlap is FFS)
· Option 3: RAN4 to consider non-simultaneous RS measurements from different TRPs for Rel-17 group-based L1-RSRP report requirements



As discussed in the previous meeting, to enable reception from multiple TRPs at the UE one method for combining TCI states from sources with different QCL type D is necessary. One possible procedure for enabling 4-layer reception with dual TCIs is the group based beam reporting and we provide few other details that we believe are important for the present discussion. 

[image: ]
[bookmark: _Ref131425300]Figure 4: multi-TRP scenario for groupBasedBeamReporting
Figure 4 illustrates possible scenario and configuration setting for groupBasedBeamReporting-r17. If groupBasedBeamReporting-r17 is configured for multi-TRP, the CSI Resource Set Configuration will comprise of resources that can be received simultaneously from two different spatial directions/different QCL-D sources. Furthermore, the network enables groupBasedBeamReporting-r17 to UEs capable of mTRP-GroupBasedL1-RSRP-r17, while typically configuring CSI-RS/SSB resource sets to be measured from both TRPs. 
To illustrate the behavior of group-based beam reporting in Rel-17, one example is shown in where the UE could be configured for groupBasedBeamReporting-r17 with two sets of reference signals related to TRP1 and TRP2, where TRP1 is transmitting CR#0 to CR#3, and TRP2 is sending CR#4 to CR#7.
The steps concerning group-based beam reporting are represented in Figure 5.

[image: ]
[bookmark: _Ref131425385]Figure 5: Steps for group-based beam reporting 
In Step 1 the UE shares the capabilities to the gNB. The group-based reporting is optional with capability signaling indicated by mTRP-GroupBasedL1-RSRP-r17. 
In Step 2 the gNB configures the CSI-ReportConfig, which indicates group-based beam reporting by enabling groupBasedBeamReporting-r17 and configuring nrofReportedGroups-r17. In this example the number of reported groups is 3. 
In Step 3 the UE reports the L1-RSRP for the number of reported RS groups as configured in Step 3. This report includes first the list of CSI-RS or SSB resources in pairs which can be simultaneously received by the UE. In the second part of the report, the UE includes the differential RSRP values in relation to the RSRP of the largest measured RSRP value. In this example, the UE reported that it is capable of simultaneous reception from TCI states corresponding to the pairs of reference signals (CRI#0, CRI#4), (CRI#1, CRI#5), and (CRI#2, CRI#6), and the RSRP values are reported for all those six reference signals. 
By using the procedure indicated in the steps above, the UE can indicate which are the DL beams that can be received simultaneously by the UE. With the information of the RS pairs in the group-based reporting, the gNB can activate and indicate the TCI states related to those groups for simultaneous reception by the UE. 
For Rel 16 GBBR requirements are defined in 38.133, including measurement delay. In multi Rx we have decided to consider reduced beam sweeping scaling factor for L1 measurement requirements. Considering that, it is important that L1 RSRP measurement delay is specified for GBBR-r17. The measurement procedure for L1-RSPR and GBBR is somewhat similar, with the difference that pairs of reference signals are measured for GBBR-r17. Therefore, most of the procedure can be reused for the definition of GBBR-r17 in comparison to legacy L1-RSRP  requirements. Another aspect that must be considered, is that the measurement delay reduction due to reduced beam sweeping scaling factor should also be considered in this case. 
[bookmark: _Toc135070282][bookmark: _Toc142597997]RAN4 to define RRM requirements for GBBR-r17 reuse legacy L1-RSRP delay as a baseline with updated beam sweeping scaling factor. 

In previous meetings some discussions included proposals that were related to multiple SSBs being measured simultaneously. It is true that the WID is about simultaneous reception, and that may involve different reference signals. We have also agreed in previous meetings to focus on intra cell scenarios, which imply the same PCI. In this scenario SSB transmissions from the same PCI are sent within the SSB burst using different SSB indexes, and therefore are not overlapping in time, see for example issue from the way forward [1]: 
	Issue 1-1-6: Assumptions on overlap conditions of RS measurement occasions for GBBR
· FFS
· Option 1: enhanced requirements are defined only for full overlap
· Option 2: enhanced requirements are defined also for partial overlap (the exact reduction for partial overlap is FFS)
· Option 3: RAN4 to consider non-simultaneous RS measurements from different TRPs for Rel-17 group-based L1-RSRP report requirements
Issue 1-2-4: Assumptions on overlap conditions of RS measurement occasions for L1-RSRP
FFS:
· Option 1: enhanced requirements are defined only for full overlap
· Option 2: enhanced requirements are defined also for partial overlap (the exact reduction for partial overlap is FFS)
· Option 3: RAN4 to consider non-simultaneous RS measurements from different TRPs for multi Rx L1-RSRP measurement delay





As per the TS 38.211[4] the UE decodes primary and secondary synchronization signals to get Physical Cell ID [PCI], and PBCH DMRS, located on the synchronization raster. PSS, SSS, and NR-PBCH are transmitted in a Synchronization Signal Block (SS Block). SSB consists of 4 symbols, 1-symbol PSS, a 1-symbol SSS, and a 2-symbol PBCH. Time synchronization in terms of symbol-level and slot-level and frequency synchronization are realized via PSS/SSS.
There are 1008 unique physical-layer cell identities given by

	
where   is the secondary synchronization signal and , is the primary synchronization signal. The gNB define multiple candidate positions for SSBs within a radio frame, and this number corresponds to the number of beams radiated in a certain direction. Each SSB candidate position is identified by a unique number called SSB index and identification of which SSB is detected is dependent on where the UE is located. UE measures the signal strength of Demodulation Reference Signal (PBCH DMRS) of each SSB it detected for a certain period (a period of one SSB Set). From the measurement result, UE can identify the SSB index with the strongest signal strength. This SSB with the strongest signal strength is the best beam for the UE. 
Given the above, when different SSB indexes are considered for the same PCI, i.e. intra-cell, all the SSB indexes are transmitted in different OFDM symbols. Therefore, considering that only intra-cell is in the scope of this work item, there is no simultaneous reception of SSB signals when considering L1 measurements. However, the measurements can still be enhanced with smaller beam sweeping scaling factor by making use of simultaneous measurement of the same SSB index using different receive beams. 
Another aspect is whether group-based beam reporting is performing measurements for signals that are overlapped in time. Group based beam reporting is including SSB and CSI-RS as potential reference signals, and since we showed above that in intracell scenarios SSB is not transmitted in the same signal, it is easy to infer that GBBR does not require simultaneous reception of 2 reference signals. 
[bookmark: _Ref134691581][bookmark: _Toc135070262][bookmark: _Toc142597998]It was agreed that we focus on Multi Rx Rel18 only on intra-cell scenarios. 
[bookmark: _Toc135070263][bookmark: _Toc142597999][bookmark: _Ref134691611]When performing SSB measurements on intra-cell, the SSB indexes will not be overlapping for different TRPs. 
[bookmark: _Toc135070264][bookmark: _Toc142598000]Resource set 1 and resource set 2 of Group based beam reporting are not necessarily transmitted and received in the same OFDM symbols. 
[bookmark: _Ref134691679][bookmark: _Toc135070265][bookmark: _Toc142598001]RAN4 to consider non-simultaneous RS measurements from different TRPs for multi Rx L1-RSRP measurement delay.
[bookmark: _Toc135070266][bookmark: _Toc142598002]RAN4 to consider non-simultaneous RS measurements from different TRPs for Rel-17 group-based L1-RSRP report requirements.
Another issue discussed during the last meeting as related to the dependency of L3 measurements on the GBBR-r17 requirements [1]: 
	Issue 1-1-5: Should the RS configured for GBBR be configured based on L3 report?
· FFS
· Option 1: NO, not to introduce L1 RSRP and GBBR restrictions based on previous L3 reports
· Option 2: Yes, group based L1 measurement period requirements are applicable only when a valid L3 measurement report associated with the L1 measurement resources was sent during the last [5] seconds



We understand that the motivation for that from the proponent companies was that GBBR should be firstly configured based on existing L3 measurements. However, one challenge with this approach is that the framework for L3 measurements do not distinguish among TRPs in the mobility events. 
RAN2 specifies measurement reporting events that help the network to configure the UE to trigger reports as the UE conditions change for example due to UE mobility. Those measurement events are listed below [38.331]:
· Event A1 (Serving becomes better than threshold)
· Event A2 (Serving becomes worse than threshold)
· Event A3 (Neighbour becomes offset better than SpCell)
· Event A4 (Neighbour becomes better than threshold)
· Event A5 (SpCell becomes worse than threshold1 and neighbour becomes better than threshold2)
· Event A6 (Neighbour becomes offset better than SCell)
From the list of mobility events, it can be observed that those events depend on the RSRP, RSRQ or SINR for the Serving Cell, Neighbour cell, SpCell, or SCell. In all cases there is no distinction for events that considers how the level of the reference signals from the same cell are changing.



[image: ]
[bookmark: _Ref130390672]Figure 6 Multi TRP scenario with 6 TRPs with the same PCI. 
One scenario showing how the existing mobility events are insufficient is shown in Figure 6. In this scenario multiple TRPs have the same PCI, and therefore belong to the same physical cell. If we consider the use of L3 measurements for the pre-selection of TRPs, the existing mobility events provide no support for triggering measurement reports considering changes in RSRP among TRPs. If L3 measurements are to be used for pre-selection of TRPs before L1-RSRP group-based beam reporting is configured, it is important that the network has opportunity to configure L3 reports for all the TRPs which the will configure for GBBR. If we consider the mobility event A1, there is no difference if the RSRP measured for TRP#0 is reduced in comparison to the RSRP measured for TRP#2 as the UE moves in the direction of TRP#2 from Position A to Position B.  In Position A, the network would need to have L3 measurements for at least TRP#0, TRP#1 and TRP#3, whereas in Position B the network would need to have L3 measurements for TRP#2, TRP#4 and TRP#5. Since the RSRP of the serving cell would have changed when moving from Position A to Position B, there is no way to have UE to trigger a report based on the TRPs which may be candidates for GBBR configuration. Hence, the reporting from UE is inefficient and even A1 or other mobility events relying on the Serving cell RSRP would either not be triggered or triggered unnecessarily.
[bookmark: _Toc135070283][bookmark: _Toc142598003]Mobility measurement events for L3 measurements do not distinguish among RS from different TRPs. 
Considering the above, the overhead of L3 measurements would be high unless there are TRP specific measurement events that support group-based beam reporting That would imply that SSBs would need to be grouped to reflect the TRPs or the areas covered by TRPs. Only using a similar approach would the network be able to configure the UE to trigger sending measurement report related when the RSRP related to a TRP is changed in relation to the RSRP of other TRPs for a cell with same PCI. 
[bookmark: _Toc135070284][bookmark: _Toc142598004] Determining requirement that mandates RS for GBBR be configured based on L3 report only makes sense if mobility events are updated to support TRP-based events. 
[bookmark: _Toc135070285][bookmark: _Toc142598005]L3 measurement results should not be considered as pre-condition for Rel-17 group-based L1-RSRP report. 
Reporting schemes
In the last meeting the following issue was discussed regarding reporting schemes [1]:
	
Issue 1-3-1: Shall L1-SINR requirements be defined for the multi-RX UE
· FFS
· Option 1: Yes 
· Proposal 1: Changes in non-group-based L1-RSRP measurement delay due to multi-Rx operation are also considered for L1-SINR
· Proposal 2: RAN4 to discuss the need of group based SINR reporting for simultaneous reception and inform RAN1 in case it is needed
· Option 2: NO
· Proposal 3: Not discuss this issue because L1-SINR is not supported by Rel-17 group-based reporting.
 
Issue 1-3-2: UE capability for simultaneous reception of data and L1
· FFS
· Option 1: A new UE capability may be needed to indicate whether the UE can support simultaneous reception of data and L1 measurement. However, final decisions on UE capability are postponed until the relevant requirement nears its completion and the impact on UE implementation is clearly understood
  
Issue 1-3-4: Conditions of the QCL configurations for CSI-RS resource used for GBBR
· FFS
· Option 1: RAN4 needs to investigate the conditions of the QCL configurations for CSI-RS resource used for group-based L1-RSRP measurements.
· E.g. FFS whether SSB used for non-GBBR can be configured as the source RS for CSI-RS used for GBBR.



[bookmark: _Ref131521826]
As part of the L1-RSRP reporting for multi Rx RAN4 has been discussing both how N factor may be improved using multiRx capability, and which requirements are to be defined for GBBR. In the case of the beam sweeping scaling factor, multiple reporting schemes are impacted, and it would not make sense to restrict those enhancements to only GBBR. 
[bookmark: _Toc135070286][bookmark: _Toc142598006]Beam sweeping scaling factor is used for calculating measurement delay for L1-RSRP, L1-SINR, RLM, link recovery procedures and TCI switching delay. 
As it is discussed earlier that with the beam sweeping factor reduction it is possible to reduce the L1-RSRP measurement delay. In the last RAN 4 meeting, RAN 4 has already agreed for enhanced RRM requirements based on faster beam sweeping with multi-Rx chains based on the UE capabilities.
[bookmark: _Toc135070287][bookmark: _Toc142598007]L1 measurement delay is considered for L1-RSRP, L1-SINR, group-based beam reporting, RLM, Link recovery procedures, and TCI switching.
Some proposals were made about conditions under which the UE might be able to perform beam sweeping reduction. In most of the cases the conditions for N reduction are not really depending on the relationship of multiple RS signals with each other. Since the N factor reduction is performed based on the UE being capable of performing measurements from 2 directions simultaneously, the reduction can be achieved even when the UE is performing measurements over a single RS. In general, that would be influenced by the beam sweeping strategy adopted by the UE, and current state of mobility, including AoA uncertainty for the measurement of a RS. Therefore, it should be enough that the UE reports the used beam sweeping scaling factor without further conditions. 
[bookmark: _Ref134723822][bookmark: _Ref134692084][bookmark: _Ref131424867]Additionally, L1-SINR measurement delay is computed in a similar way as the L1-RSRP. However, one big difference is that there is currently no GBBR defined for SINR in Rel 17. 
[bookmark: _Ref131429754][bookmark: _Toc135070289][bookmark: _Toc142598008]The requirements for L1-RSRP measurement delay and L1-SINR measurement period are similar for multi Rx operation.
[bookmark: _Ref131521868][bookmark: _Toc135070290][bookmark: _Toc142598009]GBBR-r17 does not support L1-SINR reporting.
[bookmark: _Ref131669147][bookmark: _Toc135070291][bookmark: _Toc142598010][bookmark: _Toc116995848]Changes in non-group-based L1-RSRP measurement delay due to multi Rx operation are also considered for L1-SINR. 
Conclusion
In the paper, the following Observations and Proposals were made:
Proposal 1: RAN 4 not to define requirements with a combination of SSB and CSI-RS for GBBR rel 17.
Observation 1: Reduced beam sweeping scaling factor is enabled using multiple panels, i.e. monitoring of RS from different directions simultaneously, and it has no relationship to configured TCI states, or CA/DC configuration, or being received simultaneously with another RS.
Observation 2: For a multi Rx UE that reports faster beam sweeping, measurement delay is always considered with the reduced beam sweeping scaling factor.
Proposal 2: Reduced beam sweeping scaling factor is always enabled, without further conditions.
Proposal 3: RAN4 to define RRM requirements for GBBR-r17 reuse legacy L1-RSRP delay as a baseline with updated beam sweeping scaling factor.
Observation 3: It was agreed that we focus on Multi Rx Rel18 only on intra-cell scenarios.
Observation 4: When performing SSB measurements on intra-cell, the SSB indexes will not be overlapping for different TRPs.
Observation 5: Resource set 1 and resource set 2 of Group based beam reporting are not necessarily transmitted and received in the same OFDM symbols.
Proposal 4: RAN4 to consider non-simultaneous RS measurements from different TRPs for multi Rx L1-RSRP measurement delay.
Proposal 5: RAN4 to consider non-simultaneous RS measurements from different TRPs for Rel-17 group-based L1-RSRP report requirements.
Observation 6: Mobility measurement events for L3 measurements do not distinguish among RS from different TRPs.
Observation 7: Determining requirement that mandates RS for GBBR be configured based on L3 report only makes sense if mobility events are updated to support TRP-based events.
Proposal 6: L3 measurement results should not be considered as pre-condition for Rel-17 group-based L1-RSRP report.
Observation 8: Beam sweeping scaling factor is used for calculating measurement delay for L1-RSRP, L1-SINR, RLM, link recovery procedures and TCI switching delay.
Proposal 7: L1 measurement delay is considered for L1-RSRP, L1-SINR, group-based beam reporting, RLM, Link recovery procedures, and TCI switching.
Observation 9: The requirements for L1-RSRP measurement delay and L1-SINR measurement period are similar for multi Rx operation.
Observation 10: GBBR-r17 does not support L1-SINR reporting.
Proposal 8: Changes in non-group-based L1-RSRP measurement delay due to multi Rx operation are also considered for L1-SINR.
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