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[bookmark: _Toc116995841]Introduction
In this contribution, we continue the discussion on the RRM aspects related to simultaneous multi-panel reception for  Rel-18 FR2 enhanced HST, based on the way forward and identified open issues during the previous RAN4#106-bis-e meeting provided in [1]. The following issues have been identified for further investigation in [1] and are addressed in this contribution:
· Simultaneous measurement/data reception aspects
· MRTD and panel switching 
· Rx beam switching
· DL transmission scheme
· DL/UL beam switching
[bookmark: _Toc116995842]Discussion
The main content of the paper and analysis is made here [1]. The section can be further split in sub-sections.
General discussion on RRM requirement impact
Simultaneous measurement (i.e., measurement + measurement)
Regarding simultaneous measurement on both panels (i.e., measurement + measurement), it was agreed at the previous meetings that [1]:
	Agreement:
· Measurement based on multi-panel RX:
· Simultaneous L1 (L1 + L1) measurements
· FFS the conclusion from Rel-18 FR2 multi-Rx can be reused, and check if any enhancements are needed for HST FR2 scenario
· Simultaneous L1 + L3 measurements
· Simultaneous L1 on one panel and L3 measurements on the other panel (i.e., L1 +L3)
· FFS, whether to reuse the conclusion from Rel-18 FR2 multi-Rx: i.e., simultaneous L1 and L3 measurements is not supported for Rel-18 FR2 HST.  
· Simultaneous L3 on one panel and L1 measurements on the same panel
· Simultaneous L1 and L3 measurement on the same panel is not supported for Rel-18 FR2 HST
· FFS scheduling restriction relaxation for L3 measurements 
· [bookmark: _Hlk133350583]Simultaneous L3 + L3 measurements
· FFS, whether L3+L3 measurement on different panels shall be supported in Rel-18 FR2 HST enhancement WI.


Regarding simultaneous L1 (L1 + L1) measurements, L1 measurement can be performed by measuring RS signals (e.g., SSB, CSI-RS). For SSB-based L1 measurement, assuming multi-TRP deployment with the same PCI, SSBs are broadcasted in a TDM manner. In this case, based on the previous measurement (e.g., L3 measurement) or additional information provided by the network, the UE can perform partial beam sweeping from each panel and report the best beam pair for simultaneous reception. However, this may not be the case for L1 measurement in inter-cell deployment where the RSs may overlap in the time domain. In addition, assuming L1 measurement based on CSI-RS, the network may transmit the RSs simultaneously to reduce the measurement interruption time. 
Simultaneous L1 measurement results in reducing beam measurement scaling factor and enable configuring UE with longer DRX cycles. The network can therefore schedule the RSs with longer periodicity which contribute to lower energy consumption.   
[bookmark: _Hlk134729297][bookmark: _Toc135065591]For inter-cell L1 measurement or L1 measurement based on CSI-RS, the RSs may overlap in time domain.
[bookmark: _Hlk135036246][bookmark: _Toc135065592]RAN4 to clarify the definition and scenarios of simultaneous L1 measurement in Rel-18 HST FR2 enhanced (i.e, simultaneous measurement over the entire SMTC or each panel can be active in part of SMTC, L1 RSs). 
[bookmark: _Toc135065593]RAN4 to discuss whether simultaneous (within the same time/frequency resources) inter-cell and/or CSI-RS based L1 measurement are supported for Rel-18 FR2 enhanced PC6 devices.
[bookmark: _Toc135065594]Simultaneous L1 (i.e., L1 + L1) measurement enhances the beam management performance and reduces the measurement interruption time without imposing additional complexity.
[bookmark: _Toc135065595]Rel-18 FR2 PC6 UE should have a capability to support simultaneous L1 (i.e., L1 + L1) measurement. 

Simultaneous L1 + L3 measurement has been descoped in multi-Rx WI. However, it should be noted that the focus in multi-Rx WI is on low mobile UEs without paying significant attention to reducing the measurement time. The CPE with simultaneous activated multiple Rx chains should be able to perform L1 and L3 tasks simultaneously in SMTC occasions with L1 and L3 overlapping measurement occasions in order to perform faster L3 measurements. By optimizing the  measurement and scheduling restriction configurations the UE can perform the desired both L1 and L3 measurements over the same SMTC window. This addresses the need for fast beam/cell measurement that is required for high-speed devices.  
[bookmark: _Toc135065596]Simultaneous L1 + L3 measurement has been deprioritized in multi-Rx WI due to the focus on low-mobile PC3 UEs which doesn’t apply for HST. Simultaneous L1+L3 measurement reduces the measurement delay and corresponding interruption time which enhances the beam management the handover performance.
[bookmark: _Toc135065597]Rel-18 FR2 PC6 UE should be capable of supporting simultaneous L1 + L3 measurement. 

Regarding simultaneous L3 measurement on both panels (i.e., L3 + L3), as discussed in our previous contribution [2], the procedure can be easily configured by the network and performed by the UE without additional complexity. It has been agreed UEs with simultaneous multiple Rx chains are equipped with two searchers for L3 measurement and cell detection [3]. As decided to down scope CA for HST simultaneous multi-panel operation in Rel-18, one can assume the CPE can use the two searchers to simultaneously measure one carrier frequency.   

Observation 1: Two searchers are assumed for multi-Rx reception in DL to perform cell detection and L3 measurement [3].

Proposal 1: [bookmark: _Hlk135044239]When the CPE is configured with single carrier operation, RAN4 to assume Rel-18 FR2 PC6 UEs have two simultaneous active searchers on one CC.

By performing simultaneous L3 measurements, there is no need for further task separation between panels which makes the scheduling configuration easier at the network as well as panel management at the UE side. Assuming simultaneous L3 measurement on both panels, the UE can perform faster measurement (i.e., there will be no need for panel sweeping scaling factor) which also reduces measurement interruption time and contribute further additional energy saving at the network.  As provided in Figure 1, there is clear benefits from simultaneous L3 measurement in reducing the HO failure.
  [image: ]
[bookmark: _Ref131769019]Figure 1: Mobility failure for bi-directional deployment, assuming single panel (left side) and simultaneous (right side) L3 measurement

Observation 2: [bookmark: _Toc132022966][bookmark: _Hlk131769563][bookmark: _Hlk135043463]Simultaneous L3 (i.e., L3 + L3) measurement enhances the mobility performance and reduces the measurement interruption time.

Proposal 2: Rel-18 FR2 PC6 UE should be capable of supporting simultaneous L3 + L3 measurement.

Simultaneous measurement and data reception
Following points have been captured for simultaneous measurement and data reception (i.e., L1/L3 measurement + data) [1];
	Agreement:
· Measurement and data reception based on multi-panel RX:
· Simultaneous data reception and L1 measurement on different panels
· FFS the conclusion from Rel-18 FR2 multi-Rx can be reused, and check if any enhancements are needed for HST FR2 scenario
· Simultaneous data reception and L3 measurement on different panels
· FFS the conclusion from Rel-18 FR2 multi-Rx can be reused, and check if any enhancements are needed for HST FR2 scenario



In Rel-15, Rel-16 and Rel-17, there is no requirement for considering scheduling restriction when L1 reference signal is CSI-RS which is QCL-D with active TCI state for PDSCH/PDCCH in FR2. 
Observation 3: [bookmark: _Toc127550276][bookmark: _Toc131699083]For CSI-RS QCL-D with active TCI state no scheduling restrictions are defined for Rel-15 - Rel-17 requirements. 

This can be generalized even further SSB-based L1 measurements, where the CPE should be able to receive data when performing SSB based L1 measurement one a QCL-D SSBs with indicated TCI state for PDSCH/PDCCH.
Proposal 3: [bookmark: _Toc127550277][bookmark: _Toc131699084][bookmark: _Hlk134781572]RAN4 to define relaxed scheduling restrictions for Rel-18 enhanced FR2 HST L1 measurements on a RS which is QCL-D with an active TCI state. 
A CPE that supports two simultaneous active Rx chains can be configured to receive up to 4 layers from two TCI-states (e.g., two TRPs in bi-directional deployment). In case of simultaneous data reception and (L1/L3) measurement, the CPE may not be able to simultaneously perform measurement and data reception on single panel (one active Rx chain) when the RS signals are not QCL-D with the indicated TCI state used on that panel for PDCSH/PDCCH reception. In a such scenario the UE may perform measurement using one Rx chain and still be able to receive up to two layers using the second Rx chain.
Proposal 4: Rel-18 enhanced HST FR2 CPE should be able to perform simultaneous measurement on one Rx chain and up to two layers data reception on another Rx chain.

Scheduling Restriction
	Agreement:
· [bookmark: _Hlk134783314]Scheduling restriction
· Data+ L1 measurement
· FFS the conclusion from Rel-18 FR2 multi-Rx can be reused, and check if any enhancements are needed for HST FR2 scenario 
· Data+ L3 measurement
· FFS the conclusion from Rel-18 FR2 multi-Rx can be reused, and check if any enhancements are needed for HST FR2 scenario



The UE may not be able to perform simultaneous measurement and data reception on the same Rx chain (e.g., panel) when the RSs are not QCL-D with the indicated TCI-state that is expected to receive data from (as the CPE may need to apply different Rx spatial filters). However, as part or the measurement procedure the UE may perform panel sweeping. With multiple simultaneous active Rx chains, the CPE should be able to receive data while perform measurement over other panels.  
[bookmark: _Hlk135045340][bookmark: _Toc135065598] CPE with two simultaneous active Rx chains would be able to receive data from one panel while performing measurement over other panels.
[bookmark: _Hlk134784565][bookmark: _Toc135065599]RAN4 to consider reducing scheduling restriction for simultaneous data reception and measurement on different panels for Rel-18 FR2 enhanced PC6 devices.  
Group-based reporting
	Agreement:
· UE capability
· The Rel-17 group-based reporting may be be considered in the FR2 HST: 
· FFS the necessity of Rel-17 group-based reporting in the FR2 HST
· FFS the applicability of Rel-17 group-based reporting in the FR2 HST



[bookmark: _Hlk134784625]GroupBasedBeamReporting-r17 is configured for multi-TRP operations, the CSI Resource Set Configuration will comprise of resources that can be received simultaneously from two different spatial directions/different QCL-D sources (i.e. two TRPs). 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. Assuming directional deployment, simultaneous reception can be applied when the CPE receives signals from two different TRPs. Therefore, it can be configured with Rel-17 group-based reporting. 
However, based on Rel-18 assumptions of RRH deployment scenarios and positions CPE panels, the network seems to be able to configure the UE with simultaneous reception through the legacy UE beam report and without enabling group-based beam reporting.
[bookmark: _Toc135065600]It is not obvious why an explicit agreement for group based beam reporting is needed as its impact on RAN4 is not clear enough.

[bookmark: _Toc135065601]Rel-18 enhanced FR2 CPE can be capable of supporting GroupBasedBeamReporting-r17, but it should not be mandatory.

MRTD and panel switching for FR2 HST multi-panel simultaneous reception
	1.2.1 Issue 1-2-1: MRTD for FR2 HST multi-panel simultaneous reception
Agreement:
· Rel-18 FR2 PC6 UE should support simultaneous data reception from two panels with MRTD more than the CP length.

1.2.2 Issue 1-2-2: Turning on/off the multi-panel reception operations in FR2 HST
Agreement:
· FFS a mechanism for turning on/off the multi-panel reception operation in FR2 HST:
· FFS the necessity of such a mechanism

1.2.3 Issue 1-2-3: Discussion on the necessity of signalling to UE used by the UE to perform the switching
Agreement:
· FFS the necessity of new signalling to UE used by the UE to switch between multi-panel and single-panel simultaneous reception with respect to NW configuration





As the power consumption is not an issue for roof-mounted devices, it seems that turning on/off the multi-panel would not be as important as other performance parameters. On the other hand, reducing measurement time is one of the main key performance factors for high-speed devices to reduce beam-failure/radio link failure and enables the UE to detect and timely handover to the appropriate cell. In this regard, simultaneous multi-panel measurement is highly beneficial. In addition, due to the defined high throughput requirement of roof-mounted PC6 devices, simultaneous multi-panel reception is considered as of great importance. Therefore, it is beneficial for the UE to operate simultaneously with multiple active Rx-chains (panels). Moreover, through the UE provided configuration (e.g., indicated TCI-states) there can be implicit information for the UE on how to turn on/off the multi-panel or switch between panels.
[bookmark: _Toc135065602]Power consumption is not an issue for roof-mounted devices. High UL/DL throughput and robust beam/handover performance are the main key requirement for Rel-18 FR2 enhanced HST. 
[bookmark: _Toc135065603]RAN4 needs to consider new signalling for panel switching or turning on/off the multi-panel reception for Rel-18 HST FR2 enhanced CPEs only if new RAN4 requirement for multi-panel operation are introduced.


RX beam sweep number for FR2 HST multi-panel simultaneous reception
	1.3.1 Issue 1-3-1: Rx beam sweeping factor reduction
Agreement:
· FFS whether the sweeping factor N1 can be reduced
· How to reduce the sweeping factor N1
· FFS for L1-RSRP measurement requirements, for set1 configuration the value can be further reduced to 1, for set2 configuration the value can be further reduced to 3.




Following our discussion in Section 2.1 on simultaneous measurements, we can make the following proposals:
[bookmark: _Toc132022974][bookmark: _Toc135065604]The Rx beam sweeping factor can be reduced for Rel-18 FR2 enhanced CPE as the CPE is assumed to be capable of performing simultaneous L1 measurements on both panels.
[bookmark: _Toc135065605]The Rx beam sweeping factor can be reduced for Rel-18 FR2 enhanced CPE as for L3 measurement once companies agreed the CPE to be capable of performing simultaneous L3 measurements on both panels.

UL and DL beam switching for FR2 HST multi-panel simultaneous reception
	Agreement:
· Whether enhancements are needed in uplink spatial relation switch delay requirement
· [bookmark: _Hlk134803440]Option 1: RAN4 not to consider UL spatial relation switch to the target associated to the unknown DL RS in HST FR2 scenarios
· Option 2: Keep current uplink spatial relation switch delay requirement
· Other options are not precluded



As discussed in our previous paper [2], in simultaneous multi-panel operation, the UE may be configured UL transmission with non-collocated RRH different from the DL one (e.g., due to load balancing).  As a result, the change of UE UL beam and DL beam do not always need to happen at the same time as it was assumed in Rel-17.
The requirements on MAC-CE based spatial relation switch delay is defined in TS 38.133, Clause 8.12.3:
	If the target spatial relation associated to DL RS is known, upon receiving PDSCH carrying MAC-CE activation command in slot n, for UL spatial relation switch for PUCCH or semi-persistent SRS transmission of serving cell with a target UL spatial relation, the UE shall be able to transmit PUCCH or semi-persistent SRS with the target UL spatial relation in the slot n+ THARQ + + 1 when beamCorrespondenceWithoutUL-BeamSweeping is set to 1 where THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3].

If the target spatial relation associated to DL RS is unknown, upon receiving PDSCH carrying MAC-CE activation command in slot n, for UL spatial relation switch for PUCCH or semi-persistent SRS transmission of serving cell with a target UL spatial relation, the UE shall be able to transmit PUCCH or semi-persistent SRS with the target UL spatial relation in the slot n+ THARQ + + TL1-RSRP+1 when beamCorrespondenceWithoutUL-BeamSweeping is set to 1.



When the UE is configured for UL transmission, in the case the corresponding DL RS is not known, a longer time may be needed for the UE to synchronize to the new unknown DL beam, i.e., similar to the HST FR2 requirement on DL MAC-CE based TCI stat switching from 8.10.3A when target beam is not.
[bookmark: _Hlk134728737][bookmark: _Hlk134729326][bookmark: _Toc135065606] If UL beam can be switched to the special relation associated to unknow DL RS in HST FR2 Enhanced deployments, then MAC-CE based spatial relation switch delay may need to be enhanced to allow UE more time to synchronize to the target DL RS.
[bookmark: _Toc135065607]RAN4 not to consider UL spatial relation switch to the target associated to the unknown DL RS in HST FR2 scenarios. Keep requirement on UL uplink spatial relation switch delay to the known DL RS without changes.

[bookmark: _Toc116995848]Conclusion
In the paper, we discuss the main open issues related to the RRM aspects of simultaneous multi-panel reception in HST FR2 deployments.
The following Observations and Proposals were made:
Observation 1: For inter-cell L1 measurement or L1 measurement based on CSI-RS, the RSs may overlap in time domain.
Proposal 1: RAN4 to clarify the definition and scenarios of simultaneous L1 measurement in Rel-18 HST FR2 enhanced (i.e, simultaneous measurement over the entire SMTC or each panel can be active in part of SMTC, L1 RSs).
Proposal 2: RAN4 to discuss whether simultaneous (within the same time/frequency resources) inter-cell and/or CSI-RS based L1 measurement are supported for Rel-18 FR2 enhanced PC6 devices.
Observation 2: Simultaneous L1 (i.e., L1 + L1) measurement enhances the beam management performance and reduces the measurement interruption time without imposing additional complexity.
Proposal 3: Rel-18 FR2 PC6 UE should have a capability to support simultaneous L1 (i.e., L1 + L1) measurement.
Observation 3: Simultaneous L1 + L3 measurement has been deprioritized in multi-Rx WI due to the focus on low-mobile PC3 UEs which doesn’t apply for HST. Simultaneous L1+L3 measurement reduces the measurement delay and corresponding interruption time which enhances the beam management the handover performance.
Proposal 4: Rel-18 FR2 PC6 UE should be capable of supporting simultaneous L1 + L3 measurement.
Observation 7: CPE with two simultaneous active Rx chains would be able to receive data from one panel while performing measurement over other panels.
Proposal 9: RAN4 to consider reducing scheduling restriction for simultaneous data reception and measurement on different panels for Rel-18 FR2 enhanced PC6 devices.
Observation 8: It is not obvious why an explicit agreement for group based beam reporting is needed as its impact on RAN4 is not clear enough.
Proposal 10: Rel-18 enhanced FR2 CPE can be capable of supporting GroupBasedBeamReporting-r17, but it should not be mandatory.
Observation 9: Power consumption is not an issue for roof-mounted devices. High UL/DL throughput and robust beam/handover performance are the main key requirement for Rel-18 FR2 enhanced HST.
Proposal 11: RAN4 needs to consider new signalling for panel switching or turning on/off the multi-panel reception for Rel-18 HST FR2 enhanced CPEs only if new RAN4 requirement for multi-panel operation are introduced.
Proposal 12: The Rx beam sweeping factor can be reduced for Rel-18 FR2 enhanced CPE as the CPE is assumed to be capable of performing simultaneous L1 measurements on both panels.
Proposal 13: The Rx beam sweeping factor can be reduced for Rel-18 FR2 enhanced CPE as for L3 measurement once companies agreed the CPE to be capable of performing simultaneous L3 measurements on both panels.
Observation 10: If UL beam can be switched to the special relation associated to unknow DL RS in HST FR2 Enhanced deployments, then MAC-CE based spatial relation switch delay may need to be enhanced to allow UE more time to synchronize to the target DL RS.
Proposal 14: RAN4 not to consider UL spatial relation switch to the target associated to the unknown DL RS in HST FR2 scenarios. Keep requirement on UL uplink spatial relation switch delay to the known DL RS without changes.
[bookmark: _Toc116995849]
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  Figure  1   Mobility failure   in  Bi - directional Scenario A without  DPS (left:  scaling factor N=2 , ri ght:  scaling factor N=1)  


