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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 [1], 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.
	1 General
Issue 1-1: Which reference signals to be considered for multi-rx L1 measurement requirements
Agreement from GTW:
· Multi-Rx L1 measurement requirements are defined under assumption of the following reference signals availability
· CSI-RS + CSI-RS: CSI-RS reference signals are transmitted from the two TRPs
· SSB + SSB: SSB signals are transmitted from the two TRPs
· FFS 
· SSB + CSI-RS: SSB and CSI-RS signals are transmitted from different TRPs
· FFS if same or different RS combinations would apply for different RRM requirements
· FFS whether to consider simultaneous and/or non-simultaneous RS transmission from different TRP to define RRM requirement

2 Beam sweeping/Sharing/Scaling factor reduction
Agreement from GTW:
· Introduce enhanced RRM requirements based on faster beam sweeping with multi-Rx chains based on UE capabilities
· Option 1: Introduce beam sweeping factor reduction
· Other options not precluded
· FFS on specific conditions when enhancement apply
· FFS if any signalling is needed
· FFS on details of UE capabilities

Way forward: Please bring further analysis on the FFS parts of the above GTW agreement to the next meeting. 
Agreements:
How to capture the enhanced requirements (based on the agreement of enhanced requirements) in the spec due to faster beam sweeping can be discussed during CR stage. 

Issue 1-2-3: Whether to consider reducing the sharing factor for L3 and L1
Agreements: NO, do not consider enhancement to sharing factor for L3 and L1 in this WI


3 Group based beam reporting (GBBR) requirements
Issue 1-3-2: if GBBR can be introduced, what requirements to introduced 
Wayforward: 
Companies have different understanding about GBBR from the first-round discussion of RAN4#106bis-e. To get common understanding on GBBR, please consider following aspects in your further analysis. 
Issue 1-3-2-1: How to perform measurement. That means the measurement delay required for GBBR (i.e., measurement delay for beam pair)
· Option 1: Reuse legacy L1-RSRP delay as UE do not know which beams can be paired.
· Option 2: Due to simultaneous reception measurement delay for beam pair can be enhanced for L1-RSRP 

Issue 1-3-2-2: How to choose beam pair that are going to be reported based on measurement results
· Option 1: define conditions for selecting beam pair in the report
· Please provide conditions that can be considered
· Option 2: How to choose beam pair is UE implementation 

Issue 1-3-2-3: NW configures UE with GBBR, but UE did not find a good beam pair to report. What should be the UE behaviour
· Option 1: NO behaviour is needed
· Option 2: report NA or single beam 
· Option 3: Check with RAN1 
· Note: if we agree for this, we may need to define what are the conditions for beam pair selection as we need to define what is not finding good beam pair.  


Issue 1-3-4: Which reference signals to be considered for GBBR configuration 
 Agreements: SSB+SSB or CSI-RS + CSI-RS can be supported for GBBR.
Way forward: FFS if SSB+CSI-RS is supported for GBBR.

Issue 1-3-5: If CSR-RS is configured for GBBR 
FFS whether CSI-RS resource with repetition ON will be configured for group-based reporting. 


Issue 1-3-6: Type of reporting used for GBBR  
FFS if Periodic, semi-persistent and aperiodic report are supported


4 L1-RSRP for simultaneous reception
Issue 1-4-2: L1-RSRP measurement requirements
Way forward: GBBR is agreed as prerequisite to enable simultaneous reception. Does that mean we only look at potential enhancements of L1-RSRP from beam pair reporting point of view. It is better to align views on what we are going to study or enhance as part of this WI for L1-RSRP. Please indicate which of the following options is your understanding. 
· Option 1: Study and enhance if feasible L1-RSRP measurement delay for reporting of beam pair.
· Option2: Study and enhance if feasible L1-RSRP configured simultaneously using QCL information acquired from GBBR 
· Scenario is let’s assume SSB (wide beam) is configured for GBBR. UE reports GBBR for SSB. NW knows wide beams UE can receive simultaneously.  Can NW configure fine beams within the wide beam beamwidth for simultaneous measurement.
· Other options (please specify)

Issue 1-4-3: L1-RSRP measurement accuracy requirements
It was agreed to discuss in performance part 

5 L1-SINR for simultaneous reception
Issue 1-5-1: Shall L1-SINR requirements be defined for the multi-RX UE
FFS whether enhancements to L1-SINR are supported in this WI. 




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


General discussion on L1 measurements
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 discussion summary [2]: 
	Issue 1-4-1: Assumptions on full or partial overlap of RS measurement occasions for L1-RSRP
· 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)
Recommended WF:
Discussion is needed.




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]It was agreed that we focus on Multi Rx Rel18 only on intra-cell scenarios. 
[bookmark: _Ref134691611][bookmark: _Toc135070263]When performing SSB measurements on intra-cell, the SSB indexes will not be overlapping for different TRPs. 
[bookmark: _Toc135070264]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]RAN4 to consider non-simultaneous RS measurements from different TRPs for multi Rx L1-RSRP measurement delay.
[bookmark: _Toc135070266]RAN4 to consider non-simultaneous RS measurements from different TRPs for Rel-17 group-based L1-RSRP report requirements.
RSs for Measurements
	Issue 1-1: Which reference signals to be considered for multi-rx L1 measurement requirements
Agreement from GTW:
· Multi-Rx L1 measurement requirements are defined under assumption of the following reference signals availability
· CSI-RS + CSI-RS: CSI-RS reference signals are transmitted from the two TRPs
· SSB + SSB: SSB signals are transmitted from the two TRPs
· FFS 
· SSB + CSI-RS: SSB and CSI-RS signals are transmitted from different TRPs
· FFS if same or different RS combinations would apply for different RRM requirements
· FFS whether to consider simultaneous and/or non-simultaneous RS transmission from different TRP to define RRM requirement

Issue 1-3-4: Which reference signals to be considered for GBBR configuration 
 Agreements: SSB+SSB or CSI-RS + CSI-RS can be supported for GBBR.
Way forward: FFS if SSB+CSI-RS is supported for GBBR.




In the last meeting the above issue was discussed regarding RSs for measurements [2]:
When FR2 multi-Rx is considered, for the existing Rel-15 to Rel-17 requirements when L1 reference signal is CSI-RS or SSB, SSB+CSI-RS combination is possible. As per RAN1/RAN2 specification it is possible to configure GBBR rel 17 with Set 1 containing a different type of RS than Set 2, e.g. Set 1 with SSB and Set 2 with CSI-RS. It is already defined in 38.214 and 38.331 that CSI-RS and SSB can be configured as shown below:
	From 38.331
[image: ]


	
From 38.214:
[image: ]



[bookmark: _Toc135070267]It is possible from RAN1/RAN2 specification to configure GBBR rel 17 with Set 1 containing a different type of RS than Set 2, e.g. Set 1 with SSB and Set 2 with CSI-RS. 
[bookmark: _Ref131160942][bookmark: _Toc135070268]RAN 4 to define requirements with a combination of SSB and CSI-RS for GBBR rel 17.
Beam Sweeping factor
In the last meeting the following issue was discussed regarding beam sweeping scaling factor [1]:
	Beam sweeping/Sharing/Scaling factor reduction
Agreement from GTW:
· Introduce enhanced RRM requirements based on faster beam sweeping with multi-Rx chains based on UE capabilities
· Option 1: Introduce beam sweeping factor reduction
· Other options not precluded
· FFS on specific conditions when enhancement apply
· FFS if any signalling is needed
· FFS on details of UE capabilities
 


Beam sweeping scaling factor can have impact on delay requirements that directly influence the performance of UEs. That factor is related to the L1-RSRP measurements, as well as L1 procedures, such as RLM and link recovery procedures. 
An improvement to L1-RSRP measurement can be useful for enabling quick setup of a 4 layer MIMO connection, since group based reporting is an important step towards enabling multi TRP operation. Therefore, if L1 RSRP measurement time is reduced, so will be the time that is required for the UE to be able to be scheduled with 4 layer MIMO. 
[bookmark: _Toc127450054][bookmark: _Ref131160615][bookmark: _Ref131160622][bookmark: _Ref131161018][bookmark: _Ref131161026][bookmark: _Ref131521496][bookmark: _Ref131521500][bookmark: _Ref131521502][bookmark: _Toc135070269]L1 measurement delay can increase speed of group based reporting and therefore help UEs to quickly establish 4 layer MIMO with multiple TRPs. 
An additional improvement in relation to L1 measurement delay can be found when analysing link recovery procedures. In the case of beam failure, it is desirable that the UE performs fast candidate beam detection, since successfully selecting the best beam will impact the UE long term throughput. Furthermore, even if low mobility is considered, slight changes of position, UE rotation, and environment changes can influence the optimum beam selection. 
[bookmark: _Toc127450055][bookmark: _Ref131161063][bookmark: _Ref131161067][bookmark: _Ref131521520][bookmark: _Ref131521525][bookmark: _Toc135070270]Beam sweeping scaling factor influences beam failure detection and recovery time and can therefore influence the robustness of the beam tracking and how quickly the interruptions due to beam failure last. 
The point that was brought by other companies is on the feasibility of the reduction of the beam sweeping scaling factor and how it may relate to each UE architecture[1][2].In one implementation approach shown as part of previous meetings, the beam sweeping factor includes 2 steps when measuring L1 from a single TRP, which is also illustrated in Figure 1.
[image: ]

[bookmark: _Ref131425295]Figure 1: two-step beam sweeping
In the first step the UE performs panel down selection (panel scan), where rough beams are used to detect the main direction of the serving cell reference signal under measurement. After this step, the UE has a rough idea of the direction of the signal and performs a second step of beam refinement on the UE selected serving panel. 
If the UE has an architecture that supports multiple beams on one panel, then the beam sweeping scaling factor can be reduced by a factor proportional to the number of parallel Rx chains. If one architecture only supports single beam on one panel it cannot make two parallel L1 tasks on a single panel simultaneously. 
The L1 RLM-RS measurement requirement in FR2-1 is factor 8 slower than in FR1 due to the N sweeping factor to address the continuous UE FR2 beam panel selection and UE FR2 beam refinement. As a result of those values the complete measurement duration and evaluation times for L1 procedures are all scaled by the N factor. 
Considering the 2 steps of beam sweeping described above it should be possible to obtain some beam sweeping factor reduction. For UEs supporting 2 beams on the same panel a reduction of two should be possible, whereas for UEs that only supports a single Rx chain per panel would support a smaller reduction. This reduction could be based on the current radio conditions, the angle of arrival configuration and the UE architecture.
Based on the beam sweeping factor reduction possible the UE could signal the network that it can use a reduced beam sweeping factor. Considering an example in Figure 2 b), where the UE can do simultaneous measurements, if the AOA is such that here it is received on different panels, we can say N=2. Considering the scenario in Figure 2 a), where the AOA is received on single panel, we have N=3.
From the above example in Figure 2, where N=2 we can have a reduction of 75% in L1 measurement periods. Considering another example in Figure 3, in high mobility scenario when the UE can perform simultaneous measurements, with largely varying AOA the beam sweeping factor can be reduced from 8 to 4. The Numerical Examples of N factor calculation and associated L1 measurement periods for N factor=8, N factor=4, and N factor=2, are shown in Table 1 , Table 2, and Table 3.
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	a)
	b)



[bookmark: _Ref131411444]Figure 2: a) UE cannot perform simultaneous measurements as the AOA is such that the measurements are on same panel, N=3, and b) UE can perform simultaneous measurements as the AOA is such that the measurements are on different panels, N=2.

 [image: ]
[bookmark: _Ref131523610]Figure 3: when the UE can perform simultaneous measurements, with largely varying AOA as in above the beam sweeping factor can be reduced from 8 to 4.



	TSSB
	xRP
	TSMTC
	MGRP
	N factor
	L1 RSRP measurement period

	
	
	
	
	
	No DRX
	DRX=320

	20
	40
	80
	40
	8
	1920 ms
	30.72 s

	20
	80
	40
	80
	8
	1920 ms
	30.72 s


[bookmark: _Ref129673524]Table 1: Numerical Examples of N factor calculation and associated L1 measurement periods for FR2-1 UE.
The P factor is 4 in the above and below example depending on the relation between measurement gap repetition period (MGRP), SSB periodicity TSSB and SMTC periodicity TSMTC.
	TSSB
	xRP
	TSMTC
	MGRP
	N factor
	L1 RSRP measurement period

	
	
	
	
	
	No DRX
	DRX=320

	20
	40
	80
	40
	4
	960 ms
	15.36 s

	20
	80
	40
	80
	4
	960 ms
	15.36 s


[bookmark: _Ref131425020]Table 2: Numerical Examples of N factor calculation and associated L1 measurement periods for N factor=4.
	TSSB
	xRP
	TSMTC
	MGRP
	N factor
	L1 RSRP measurement period

	
	
	
	
	
	No DRX
	DRX=320

	20
	40
	80
	40
	2
	480 ms
	7.68 s

	20
	80
	40
	80
	2
	480ms
	7.68 s


[bookmark: _Ref131523389]Table 3: Numerical Examples of N factor calculation and associated L1 measurement periods for N factor=2.

[bookmark: _Toc127394801][bookmark: _Toc127394847][bookmark: _Toc127450056][bookmark: _Ref131161083][bookmark: _Ref131161090][bookmark: _Ref131521533][bookmark: _Ref131521537][bookmark: _Toc135070271]Depending on advanced multi-Rx UE architectures, beam sweep scaling factor can be optimized in FR2-1 UEs.
[bookmark: _Toc127450057][bookmark: _Ref131161109][bookmark: _Ref131161112][bookmark: _Ref131521549][bookmark: _Ref131521553][bookmark: _Toc135070272]Reducing beam sweeping factor N leads to performance gain in terms of better beam management performance and throughput performance due to faster link recovery.
[bookmark: _Ref131161151][bookmark: _Toc135070273]Introduce signaling for the UE to indicate beam sweeping scaling factor.
[bookmark: _Ref134723575][bookmark: _Toc135070274]Send LS to RAN2 requesting UE assistance information for the UE to inform the current beam sweeping scaling factor, in the range 1 to 4.
Group based beam reporting
In the last meeting the following issue was discussed regarding group based beam reporting [2]:
	6 Group based beam reporting (GBBR) requirements
Issue 1-3-2: if GBBR can be introduced, what requirements to introduced 
Wayforward: 
Companies have different understanding about GBBR from the first-round discussion of RAN4#106bis-e. To get common understanding on GBBR, please consider following aspects in your further analysis. 
Issue 1-3-2-1: How to perform measurement. That means the measurement delay required for GBBR (i.e., measurement delay for beam pair)
· Option 1: Reuse legacy L1-RSRP delay as UE do not know which beams can be paired.
· Option 2: Due to simultaneous reception measurement delay for beam pair can be enhanced for L1-RSRP 

Issue 1-3-2-2: How to choose beam pair that are going to be reported based on measurement results
· Option 1: define conditions for selecting beam pair in the report
· Please provide conditions that can be considered
· Option 2: How to choose beam pair is UE implementation 

Issue 1-3-2-3: NW configures UE with GBBR, but UE did not find a good beam pair to report. What should be the UE behaviour
· Option 1: NO behaviour is needed
· Option 2: report NA or single beam 
· Option 3: Check with RAN1 
· Note: if we agree for this, we may need to define what are the conditions for beam pair selection as we need to define what is not finding good beam pair.  


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. 
Even though group-based beam reporting is a good means for achieving 4-layer MIMO in FR2, it is not clear whether indication of a pair through GBBR necessarily would provide an increase in the number of transmission layers. As specified by RAN1, the GBBR indication states that a UE can receive data with a pair TCI state corresponding with the reported pair reference signals. However, there is no guarantee from the requirements that the reported pair is not rank deficient. In one example the UE might report a pair that doesn’t provide increase in MIMO layers, but that could be suitable for a repetition scheme for increased link robustness. 
[bookmark: _Ref131521625][bookmark: _Toc135070275]Groups reported in GBBR in rel-17 are for simultaneous reception, but it is not clear if groups provide increased number of layers.  
Additionally, considering the importance of GBBR as an enabler for multi-Rx reception, it is necessary to define corresponding RRM core requirements related to group-based reception. The existing Rel-17 RRM L1 RSRP requirements related to group-based beam reporting do not cover aspects related to the decision of the reporting pairs. Therefore, it is important for RAN4 to discuss the conditions for GBBR and define requirements related to those conditions. 
[bookmark: _Ref131521655][bookmark: _Toc135070276]Conditions under which a UE reports GBBR groups are currently unclear. 
[bookmark: _Ref131405398][bookmark: _Toc135070277]RAN 4 to discuss the requirements for group based beam reporting rel-17 to include conditions in which the UE reports a group
[bookmark: _Ref131405447][bookmark: _Toc135070278]The UE shall report a group in group-based beam reporting rel-17 if the following conditions are met for two reference signals RS#n and RS#m:
a. [bookmark: _Ref131405887][bookmark: _Toc135070279]The experienced receive time difference between RS#n and RS#m does not exceed the UE supported maximum receive time difference 
b. [bookmark: _Ref131424790][bookmark: _Toc135070280]The difference between the RSRP level measurements from RS#n and RS#m does not exceed a threshold (e.g. X dB) 
c. [bookmark: _Ref131424809][bookmark: _Toc135070281]The combined rank when considering RS#n and RS#m is larger than the achievable rank from either RS#n or RS#m.
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]RAN4 to define RRM requirements for GBBR-r17 reuse legacy L1-RSRP delay as a baseline with updated beam sweeping scaling factor. 

Another issue discussed during the last meeting as related to the dependency of L3 measurements on the GBBR-r17 requirements [2]: 
	Issue 1-3-10: Should the RS for GBBR be configured based on L3 report?
· Proposals
· 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
· Option 3: Further discuss whether L3/L1 results can be used as pre-condition for group-based reporting. Only if the two RSs in L3/L1 report are measured by two panels respectively, L3/L1 report can be used to guarantee the signal quality of two RSs for group-based reporting.
· Option 4: RAN4 is to further study if L3 measurement results are always available to be used for L1-RSRP measurement.
· Recommended WF
· Need further discussion




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]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] 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]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 [2]:
	
Issue 1-4-2: L1-RSRP measurement requirements
· Proposals
· Option 1: It is possible to enhance the measurement delay for L1-RSRP
· Option 2: It is possible to enhance the measurement delay under certain conditions, e.g.:
· Condition #1: UE has the multi-rx operation capability (to be replaced with the exact capability name, with a relevant reference in the specification),
· 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.
· Option 3: Do not consider enhancement to L1-RSRP measurement delay as it is suggested not to consider simultaneous L1-RSRP measurements on a pair of RSs when one of them is SSB resource or CSI-RS resource with repetition on.

· Recommended WF
· Need further discussion 



[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]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]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: _Toc135070288]RAN 4 to consider enhancements for RRM requirements due faster beam sweeping for reducing L1-RSRP measurement delay based on signaled 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]The requirements for L1-RSRP measurement delay and L1-SINR measurement period are similar for multi Rx operation.
[bookmark: _Ref131521868][bookmark: _Toc135070290]GBBR-r17 does not support L1-SINR reporting.
[bookmark: _Ref131669147][bookmark: _Toc135070291]Changes in non-group-based L1-RSRP measurement delay due to multi Rx operation are also considered for L1-SINR. 
Group-based L1 SINR
In the last RAN4 meeting, the following issue was discussed regarding SINR for simultaneous reception: 
	6. L1-SINR for simultaneous reception
Issue 1-5-1: Shall L1-SINR requirements be defined for the multi-RX UE
FFS whether enhancements to L1-SINR are supported in this WI. 




The existing specification for group based beam reporting does not provide support for reporting SINR for groups in mTRP scenario. This information would be for the network to be able to schedule the best beam pairs for simultaneous reception. The existing SINR reporting framework is based on the assumption of single TRP, and when requesting the SINR reporting, there is no guarantee that the UE would be using the same Rx beams for performing the reporting. Therefore, in order to have a meaningful manner for SINR reporting that helps the network to make better scheduling decisions, reporting of SINR would be needed using the same beam pairs as used for group-based beam RSRP reporting. That can be only possible if we extend the GBBR to include SINR information in addition to the RSRP information. 
[bookmark: _Ref134692095][bookmark: _Toc135070292][bookmark: _Toc116995848]RAN4 to discuss the need of group based SINR reporting for simultaneous reception and inform RAN1 in case it is needed. 
Conclusion
In the paper, the following Observations and Proposals were made:
[bookmark: _Toc116995849]Observation 1: It was agreed that we focus on Multi Rx Rel18 only on intra-cell scenarios.
Observation 2: When performing SSB measurements on intra-cell, the SSB indexes will not be overlapping for different TRPs.
Observation 3: Resource set 1 and resource set 2 of Group based beam reporting are not necessarily transmitted and received in the same OFDM symbols.
Proposal 1: RAN4 to consider non-simultaneous RS measurements from different TRPs for multi Rx L1-RSRP measurement delay.
Proposal 2: RAN4 to consider non-simultaneous RS measurements from different TRPs for Rel-17 group-based L1-RSRP report requirements.
Observation 4: It is possible from RAN1/RAN2 specification to configure GBBR rel 17 with Set 1 containing a different type of RS than Set 2, e.g. Set 1 with SSB and Set 2 with CSI-RS.
Proposal 3: RAN 4 to define requirements with a combination of SSB and CSI-RS for GBBR rel 17.
Observation 5: L1 measurement delay can increase speed of group based reporting and therefore help UEs to quickly establish 4 layer MIMO with multiple TRPs.
Observation 6: Beam sweeping scaling factor influences beam failure detection and recovery time and can therefore influence the robustness of the beam tracking and how quickly the interruptions due to beam failure last.
Observation 7: Depending on advanced multi-Rx UE architectures, beam sweep scaling factor can be optimized in FR2-1 UEs.
Observation 8: Reducing beam sweeping factor N leads to performance gain in terms of better beam management performance and throughput performance due to faster link recovery.
Proposal 4: Introduce signaling for the UE to indicate beam sweeping scaling factor.
Proposal 5: Send LS to RAN2 requesting UE assistance information for the UE to inform the current beam sweeping scaling factor, in the range 1 to 4.
Observation 9: Groups reported in GBBR in rel-17 are for simultaneous reception, but it is not clear if groups provide increased number of layers.
Observation 10: Conditions under which a UE reports GBBR groups are currently unclear.
Proposal 6: RAN 4 to discuss the requirements for group based beam reporting rel-17 to include conditions in which the UE reports a group
Proposal 7: The UE shall report a group in group-based beam reporting rel-17 if the following conditions are met for two reference signals RS#n and RS#m:
a.	The experienced receive time difference between RS#n and RS#m does not exceed the UE supported maximum receive time difference
b.	The difference between the RSRP level measurements from RS#n and RS#m does not exceed a threshold (e.g. X dB)
c.	The combined rank when considering RS#n and RS#m is larger than the achievable rank from either RS#n or RS#m.
Proposal 8: RAN4 to define RRM requirements for GBBR-r17 reuse legacy L1-RSRP delay as a baseline with updated beam sweeping scaling factor.
Observation 11: Mobility measurement events for L3 measurements do not distinguish among RS from different TRPs.
Observation 12: 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 9: L3 measurement results should not be considered as pre-condition for Rel-17 group-based L1-RSRP report.
Observation 13: Beam sweeping scaling factor is used for calculating measurement delay for L1-RSRP, L1-SINR, RLM, link recovery procedures and TCI switching delay.
Proposal 10: L1 measurement delay is considered for L1-RSRP, L1-SINR, group-based beam reporting, RLM, Link recovery procedures, and TCI switching.
Proposal 11: RAN 4 to consider enhancements for RRM requirements due faster beam sweeping for reducing L1-RSRP measurement delay based on signaled beam sweeping scaling factor without further conditions.
Observation 14: The requirements for L1-RSRP measurement delay and L1-SINR measurement period are similar for multi Rx operation.
Observation 15: GBBR-r17 does not support L1-SINR reporting.
Proposal 12: Changes in non-group-based L1-RSRP measurement delay due to multi Rx operation are also considered for L1-SINR.
Proposal 13: RAN4 to discuss the need of group based SINR reporting for simultaneous reception and inform RAN1 in case it is needed.
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