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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, sharing factor P reduction, both of which have impact RRM enhancements to radio link recovery procedures for multi-TRP scenarios. We also analyze feasibility of simultaneous L1 and L3 measurements.

[bookmark: _Toc116995842]Discussion
Based on the outcome of the last RAN4 meeting, the following agreements were made with respect to L1 measurements[2].
	1.1 Overall handling of L1 measurements
<Agreement >:
Discussion on Rx beam sweeping scaling factor, simultaneous reception of DL data and RS, and other multi-Rx related topics can be done jointly for L1-RSRP, RLM, L1-SINR and CBD/BFD.



Further discussions on open issues for L1 measurements are in [1], and they can be split into the following subtopics.

Beam Sweeping
Beam sweeping scaling factor influences beam failure detection and recovery time and can influence the robustness of the beam tracking and how quickly the interruptions caused beam failure last.
In the RAN4#105 meeting WF [2], the below items were open items for discussion for the beam sweeping factor reduction.
	1.3 Beam sweeping factor reduction
The following options are kept for further consideration: 
· Option 3: N should be reduced under the assumption that UE has some coverage overlap between different panels, how to define the conditions is FFS
· Option 4: N should be reduced with some other conditions/restrictions, exact conditions/constraints are still FFS, should be discussed what needs to be studied further
· Option 6: Do not change for L1
Companies should bring more analysis on the feasibility considering the following aspects:
	- relationship with enabling multi-Rx (i.e. whether this enhancement is necessary to enable multi-Rx or not)
- dependency on UE implementation
	- need for UE capability and whether/how this can be used by the network
	- feasibility of requirement definition and whether it can be enforced
	- reduction in UE flexibility related to beam sweeping
	- quantifiable performance improvements (e.g., beam management/mobility improvements and impact on system performance)
	- other aspects are not precluded.




Beam sweeping scaling factor can have impact on delay requirements that influence directly 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]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]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. 

In the #105 meeting summary document [1], the below proposals were made for the beam sweeping factor reduction
[image: ]
Following the above, 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: ]

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. 
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.

[bookmark: _Toc127394801][bookmark: _Toc127394847][bookmark: _Toc127450056]Depending on advanced multi-Rx UE architectures, beam sweep scaling factor can be optimized in FR2-1 UEs.
[bookmark: _Toc127450057]Reducing beam sweeping factor N leads to performance gain in terms of better beam management performance and throughput performance.
[bookmark: _Toc127450058]RAN 4 to consider reducing beam-sweep scaling factor based on UE architecture.

Simultaneous reception of measurement RS and data
In the RAN4#105 meeting the below aspects were left open for discussion as in the WF[2], for the simultaneous reception of measurement and data
	1.4 Simultaneous reception of measurement RS and data
Companies are encouraged to bring further analysis on the feasibility of simultaneous reception of measurement RS and data considering the following aspects:
	- concrete examples of scenarios under which simultaneous reception is possible (e.g. which measurement RS in which measurement occasion can be received simultaneously with control/data channels)
	- how is the network aware of which signals/channels can be simultaneously received by the UE
	- conditions under which these signals can be received simultaneously (e.g. signals grouped together in a group report)
	- need for additional signaling/capability
	- throughput gain
	- specification impact and relationship with enabling multi-Rx (i.e. whether this enhancement is necessary to enable multi-Rx or not)
	- other aspects are not precluded.






We can see that the overlap of L1 and L3 RSs have a big impact in the measurement times through the L1/L3 sharing factor. Current assumptions are that L1 and L3 measurements cannot be performed simultaneously, and in case the SMTC periodicity is small in comparison to the periodicity of the RS for L1 measurements, a large sharing factor is used for scaling up L1 measurement times. As illustration, we use one example where the SMTC periodicity is 2 times that of the RS used for L1 measurements. When that situation is considered,  only 1 of every 2 RS occasions can be used for L1, which is equivalent to halving the RS periodicity for L1 measurements. The UE supporting multiple Rx chain operation would be able to perform L1 and L3 tasks simultaneously at least in some SMTC occasions overlapping with measurement occasions for L1 measurements in order to perform faster L3 measurements. An example is illustrated in Figure 2. Since the L3 measurements are typically performed using rough beam and sweeping across all the panels is used and L1 measurement may use a combination of rough and narrow beams, it should not be a problem to perform simultaneous L1 and L3 measurements using different panels. In the example of Figure 2 the UE is performing L1 measurements using narrow beams on panel 1. At the same time the UE is performing L3 measurements across all panels. In this situation only few of the SMTC occasions have overlapping L1 and L3 measurements on the same panel, which indicates that the L1/L3 sharing factor could be reduced in that case. 
[bookmark: _Toc127450059]L1 and L3 measurements may use different combination of rough/narrow beams, therefore certain UE architectures won’t support simultaneous L1 and L3 measurements on the same panel. 
[bookmark: _Toc127450060]L1 and L3 measurements can be performed simultaneously when beam sweeping scheme does not collide on the same panel. 
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[bookmark: _Ref127175966]Figure 2: An example Scenario when the SMTC is 2 times the RS used for L1 measurements
[bookmark: _Toc127450061]As discussed in the General Aspects paper for the simultaneous reception for R-18 multi-Rx UEs we consider the below scenarios
Simultaneous L1 measurements:
· L1 SSB + L1 SSB
· L1 CSI-RS + L1 CSI-RS
Simultaneous L3 and L1 measurements:
· L3 SSB + L1 SSB/CSI-RS
Simultaneous reception of 4-layer MIMO from separate QCL-D sources (multiple TRPs)
Simultaneous data and L3 /L1 measurements:
· L1 SSB + data
· L1 CSI-RS + data
· L3 SSB + data



[image: ]
Figure 3: multi-RX simultaneous L1 measurements (CSI-RS + CSI-RS)

[image: ]
Figure 4: multi-RX simultaneous L1 measurements (L3 SSB+ data)

[image: ]
Figure 5: multi-RX simultaneous reception of data from separate QCL-D sources (multi-TRP)
As proposed in the General Aspects paper, in a muti-TCI, multi-TRP scenario, if the AoA separation between data reception and the measurement RS is sufficient, then multi-RX UE should be able to simultaneously receive data and perform L1/L3 measurements. Furthermore we have the below proposals for simultaneous reception of measurements and data.
[bookmark: _Toc127450062]RAN4 to consider requirements with support of simultaneous L1 and L3 measurements 
[bookmark: _Toc127450063]RAN4 to support simultaneous reception RS for L1 measurements and RS for L3 measurement from different directions.
Sharing factor reduction
In the previous meeting WF [2], the following are the open issues for discussion on the sharing factor discussion
	1.7 Sharing Factor Reduction
Companies are encouraged to bring further analysis on the feasibility of reducing the sharing factor P:
	- concrete examples of scenarios under which the sharing factor can be reduced 
	- whether network should be that UE has a reduced sharing factor and whether/how it will take advantage of it
	- conditions under which the reduction is possible
	- need for additional signaling/capability
	- system level performance gain (e.g. improved mobility, improved throughput)
	- specification impact
	- relationship with enabling multi-Rx (i.e. whether this enhancement is necessary to enable multi-Rx or not)
	- other aspects are not precluded.




In the previous meeting summary document [1], the following proposals for the sharing factor reduction. The proposal was if the multi-Rx capability is adapted, the reduction of the L1/L3 sharing factor is possible.
	Issue 1-5: Sharing factor reduction
· Proposals
· Option 1: When multi-RX capability is activated adopt a reduction of the L1/L3 sharing factor to P =1
· Option 2: Sharing factor should not be modified
· Option 3: Other 
· Recommended WF
· TBA
More discussion is needed on the feasibility of reducing the sharing factor





[bookmark: _Toc127450064]As discussed in the previous meeting[1][2], some companies understand that if the UE capability simultaneousReceptionDiffTypeD-r16 is supported then L1/L3 sharing factor reduction is possible, since this feature allows simultaneous L1 and L3 measurements. The UE will be able to perform two measurements simultaneously thus allowing for gains in the N and P parameter settings. With UEs having multi-Rx, multi-panel architectures, and supporting Independent Beam Management, it is possible to reduce the impact of sharing factor P during scenarios of RLM, BFD, and CBD resources (for L1 measurements) by allowing overlapping with measurement gap and/or SMTC occasions (for L3 measurements). An illustration of the UE with multi-Rx architecture, supporting simultaneous L1/L3 measurements is in Figure 2. Based on the UE capability to support simultaneous L1/L3 measurements a dynamic sharing factor can be signaled to the network so that it can update its link recovery timers. With UEs having multi-Rx, multi-panel architectures, and supporting Independent Beam Management, it is possible to reduce the impact of sharing factor P during scenarios of RLM, BFD, and CBD resources (for L1 measurements) by allowing overlapping with measurement gap and/or SMTC occasion (for L3 measurements).
[bookmark: _Toc127450065]RAN4 to define requirements with reduced L1/L3 sharing factor for multi Rx capable UEs. FFS how much reduction can be achieved considering UE architecture
[bookmark: _Toc127450066]RAN4 to discuss signalling related to UE reporting to the network to further enhance the supported L1/L3 sharing factor.
[bookmark: _Toc116995848]Conclusion
In this paper we discussed RRM aspects related to the multi-Rx chain reception in FR2 for Rel-18. Beam sweeping scaling factor influences beam failure detection and recovery time and can influence the robustness of the beam tracking and how quickly the interruptions caused beam failure last. Reducing beam sweeping factor (N) leads to performance gain in terms of better beam management performance and throughput performance. We saw that the overlap of L1 and L3 RSs have a big impact in the measurement times. Also, if the UE capability simultaneousReceptionDiffTypeD-r16 is supported then sharing factor reduction is possible allowing simultaneous L1 and L3 measurements. The UE will be able to perform two measurements simultaneously thus allowing for gains in the N factor and P factor. With UEs having multi-Rx, multi-panel architectures, and supporting Independent Beam Management, it is possible to reduce the impact of sharing factor P during scenarios of RLM, BFD, and CBD resources (for L1 measurements) by allowing overlapping with measurement gap and/or SMTC occasion (for L3 measurements).
In the paper, the following Observations and Proposals were made:	
Observation 1: L1 measurement delay can increase speed of group based reporting and therefore help UEs to quickly establish 4 layer MIMO with multiple TRPs.
Observation 2: 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 3: Depending on advanced multi-Rx UE architectures, beam sweep scaling factor can be optimized in FR2-1 UEs.
Observation 4: Reducing beam sweeping factor N leads to performance gain in terms of better beam management performance and throughput performance.
Proposal 1: RAN 4 to consider reducing beam-sweep scaling factor based on UE architecture.
Observation 5: L1 and L3 measurements may use different combination of rough/narrow beams, therefore certain UE architectures won’t support simultaneous L1 and L3 measurements on the same panel.
Observation 6: L1 and L3 measurements can be performed simultaneously when beam sweeping scheme does not collide on the same panel.
As discussed in the General Aspects paper for the simultaneous reception for R-18 multi-Rx UEs we consider the below scenarios
Proposal 2: RAN4 to consider requirements with support of simultaneous L1 and L3 measurements
Proposal 3: RAN4 to support simultaneous reception RS for L1 measurements and RS for L3 measurement from different directions.
Observation 7: With UEs having multi-Rx, multi-panel architectures, and supporting Independent Beam Management, it is possible to reduce the impact of sharing factor P during scenarios of RLM, BFD, and CBD resources (for L1 measurements) by allowing overlapping with measurement gap and/or SMTC occasion (for L3 measurements).
Proposal 4: RAN4 to define requirements with reduced L1/L3 sharing factor for multi Rx capable UEs. FFS how much reduction can be achieved considering UE architecture
Proposal 5: RAN4 to discuss signalling related to UE reporting to the network to further enhance the supported L1/L3 sharing factor.
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Issue 1-2: Beam Sweeping factor reduction

Proposals

Option 1: Reduce N from 8 to 4 without any other conditions.

Option 2: N should not be reduced because whether it can be reduced or not depends on UE
implementation and propagation conditions

Option 3: N should be reduced under the assumption that UE has some coverage overlap
between different panels, how to define the conditions is FFS

Option 4: N should be reduced with some other conditions/restrictions, exact
conditions/constraints are still FFS, should be discussed what needs to be studied further

Option 5: Further discuss reducing N only for SSB based, not CSI-RS based measurements.
Conditions/constraints are still FFS

Recommended WF

TBA
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