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[bookmark: _Toc116995841]Introduction
The outcomes of the previous RAN4#108 meeting are summarized in the WF [1]. The following open issues require further discussions in relation with the simultaneous multi-panel operation for train roof mounted FR2 high power devices:
· UE capability to indicate support of simultaneous multi-panel reception for Rel-18 FR2 PC6 UE Simultaneous multi-panel operation.
· Scheduling restriction requirements for data+L1 measurement
· The value of the sweeping (scaling) factor
In this paper, we elaborate on different aspects of the simultaneous multi-panel reception in HST FR2 scenario as listed above.

[bookmark: _Toc116995842]Discussion

UE capabilities for multi-panel simultaneous reception
For multi-panel simultaneous reception of Rel-18 FR2 PC6 UE, it was agreed at the previous meetings that [1]:
	[bookmark: _Hlk145947369]Issue 1-2-1: Whether need to define a new or reuse the existing (simultaneousReceptionDiffTypeD-r16) capability for multi-panel simultaneous reception
· Agreement:
· [bookmark: _Hlk145947431]Define a new UE capability [simultaneousReceptionFR2HST-r18] to indicate support of simultaneous multi-panel reception for Rel-18 FR2 PC6 UE
· Details can be discussed in Rel-18 feature list discussion. 
· The conclusion from Rel-18 Multi-RX WI could be considered. 





Regarding, UE (PC3 UE) capability for simultaneous reception for Rel-18 multi-Rx chains in FR2, the issue is still left FFS in the RAN4#108 meeting way forward through the following details ‎[2];




	Issue 1-4-4: UE capability for simultaneous reception with different QCL typeD for L1 measurements
· Option 1:
· A new UE capability of supporting simultaneous reception of RS and data from different directions with different QCL type D RSs for enhanced L1 measurements for multi-Rx is introduced.
· A new UE capability of supporting simultaneous reception of RS and RS from different directions with different QCL type D RSs for enhanced L1 measurements for multi-Rx is introduced, if measurement restriction is enhanced for multi-Rx.

· Option 2: 
· specify UE capability to indicate whether the UE can support simultaneous reception of data and L1 measurement

· Option 3:
· RAN4 to define new additional UE capability to indicate support of Rel-18 multi-Rx DL simultaneous reception




Firstly, we would like to mention that;
[bookmark: _Toc146730264][bookmark: _Hlk145951347]There is no yet final agreement regarding UE capability for simultaneous reception in the NR_FR2_multiRX_DL WI. 

[bookmark: _Hlk146706187]However, the work in Rel-18 multi-Rx WI follows assumptions, requirements, and device capabilities which are different from Rel-18 enhanced FR2 CPE. For example, it has been agreed that there is no measurement restriction for UE supporting Multi-Rx capability, and the UE is required to measure both the CSI-RS for RLM and the other CSI-RS for RLM, BFD, CBD or L1-RSRP measurement, provided certain conditions are met. Also, for UE supporting Multi-Rx capability, there are no scheduling restrictions due to radio link monitoring based on the CSI-RS under certain circumstances. However, CSI-RS enhancements are not considered for Rel-18 FR2 HST operation.
[bookmark: _Toc146730265] Assumptions and requirements of UE operation in Rel-18 Multi-Rx WI are different from Rel-18 FR2 enhanced PC6.
[bookmark: _Toc146730266]RAN4 to define a new specific capability for Rel-18 FR2 enhanced PC6 with simultaneous two panel reception. 

[bookmark: _Ref146038358]Table 1: Proposed UE feature list to support Rel-18 enhanced FR2 PC6 operation. 
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	22.
NR_HST_FR2
	22-1
	Support of FR2 HST operation
	1) Support of FR2 UE PC6
2) Support of enhanced RRM requirements for FR2 HST (except the requirement for one shot large UL timing adjustment)
3) Support of demodulation processing for FR2 HST
	
	Yes
	No
	UE does not meet FR2 high speed train scenario
	Per Band
	NO
	FR2 only
	N/A
	FR2 UE power class PC6 signalling is used to indicate support of feature group
	Optional with capability signalling

	22. NR_HST_FR2
	22-2
	Support of one shot large UL timing adjustment
	1) Support of one shot large UL timing adjustment
	22-1
	Yes
	No
	UE does not support one shot large UL timing adjustment
	Per Band
	NO
	FR2 only
	N/A
	
	 Optional with capability signaling

	22. NR_HST_FR2
	22-3
	Support of FR2 HST with simultaneous
reception operation
	1) Support of enhanced RRM requirements for FR2 PC6 UE with two panel simultaneous reception.


	22-1

	Yes
	No
	UE does not meet FR2 high speed train scenario with two panel simultaneous reception
	Per Band
	NO
	FR2-1 only
	N/A
	
	Optional with capability signaling



[bookmark: _Toc146730267]To support Rel-18 enhanced FR2 operation, RAN4 either to define in Rel-18 a new feature group (as described in Table 1 above) or to add a new component to FR2 HST feature group in Rel-18.

Signaling/measurement restrictions
An extensive discussion took place at RAN4#108 on the exact formulation of the scheduling restriction requirements [1], without final conclusion though:
	Issue 1-3-1: Whether to define the new scheduling restriction requirements for data+L1 measurement
· Way Forward: 
· In the maintenance of WI, RAN4 will discuss the feasibility and try to define enhanced scheduling/measurement restriction requirements for data+L1 measurement for Rel-18 FR2 HST multi-panel simultaneous reception
· FFS, whether/how to capture in the TS that no scheduling/measurement restrictions apply for the case of simultaneous data reception on one panel and SSB reception on the other panel in case of data and SSB transmission from different RRHs




As agreed in previous meeting, for defining RRM requirements of Rel-18 FR2 enhanced HST, it is assumed that FR2 PC6 UE uses two active panels pointed forward and backward to receive DL signal transmitted from two RRHs with different QCL TypeD RSs at the same time presented as scenario A and D. In these scenarios, the UE is able to receive data from one panel while performing simultaneous RS measurement on the other panel if data and SSB transmission are performed from different RRHs. 
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Figure 1: Agreed scenarios for defining RRM requirements of Rel-18 FR2 enhanced HST [Source: Samsung].

Tha main challenge in formulation of scheduling restriction is that the PC6 UE may not be aware of the transmitted beam direction, i.e., whether it should be received with one panel or another.
In case of mDCI, the network may configure the UE with 2 CORESET pool indexes. The UE is then able to perform simultaneous data reception and L1 measurement on already detected SSBs (and QCLed TCI states) if they are associated with different CORESET pool indexes. Figure 2 presents an example of a such deployment where multi-DCI mTRP is characterized by the presence of two CORESET pools, and each unified TCI state is associated to: CORESET pool ID=0 or CORESET pool ID=1, along with any relevant parameters. 
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[bookmark: _Ref146131114]Figure 2: An example of TCI states split between two CORESET pool indexes for m-DCI Rel-18 HST FR2.

[bookmark: _Toc146730268]Rel-18 enhanced HST FR2 PC6 UE is be able to simultaneously receive data and perform SSB-based measurement if the SSB and data are configured with different QCL-TypeD and are associated with different CORRSET pool indexes.
[bookmark: _Toc146730269]RAN4 to define scheduling/measurement restrictions to be applied for Rel-18 CPE with simultaneous PDSCH/PDCCH/CSI-RS for CQI reception on one RX chain and SSB reception on the other RX chain in case of PDSCH/PDCCH/CSI-RS and SSB are configured with different QCL-TypeD and are associated with different CORRSET pool indexes.
The value of the sweeping factor
It was agreed at RAN4#108 that L1 measurement requirements can be enhanced due to UE capability of simultaneous two-panel reception [1]. However, the final value of the enhanced scaling factor in Scenario-A was not agreed:
	Issue 1-5-1: Whether to reduce the sweeping factor N1
· Agreement:
· [bookmark: _Hlk146018073]Introduce enhanced scaling factors in L1 measurement requirements for PC6 UE supporting Rel-18 multi-panel reception and when highSpeedDeploymentTypeFR2-r17 is configured as bidirectional: 
· Baseline: 
· N1 = [1.5] when highSpeedMeasFlagFR2-r17 = set1; 
· One company have the concern on the impact of N1=[1.5], and may further study the feasibility in the maintenance of Rel-18. 
· N1 = [4] when highSpeedMeasFlagFR2-r17 = set2
· Use the following text proposal for the enhancement for RLM, BFD and L1-RSRP measurement: 
· Note: Scaling factor N=2 when highSpeedMeasFlagFR2-r17 is configured to set1 or scaling factor N=6 when highSpeedMeasFlagFR2-r17 is configured to set2, if UE is not supporting [simultaneousReceptionFR2HST-r18] or when highSpeedDeploymentTypeFR2-r17 is not configured as bidirectional; Scaling factor N=[TBD] when highSpeedMeasFlagFR2-r17 is configured to set1 or scaling factor N=[4] when highSpeedMeasFlagFR2-r17 is configured to set2, if UE is supporting [simultaneousReceptionFR2HST-r18] and when highSpeedDeploymentTypeFR2-r17 is configured as bidirectional.




In our previous paper ‎[3] , we provided system-level simulation results, investigating gains in mobility performance with simultaneous L1 measurement for HST FR2 deployments. Our results show clear benefits of enhancing (i.e., reducing) the scaling factor for L1 measurement. Reducing the scaling factor contributes to lowering the UE time of being in outage and beam failure rate. Since the measurements and the reports are done more frequently with the further reduced scaling factor, the network can monitor more closely the variation of channel conditions and accordingly select beams with higher RSRP to serve the UE. The network can also react faster to the degradation of channel conditions and is able to reduce the beam failures and the outage due to low RSRP.
Based on the agreements of introducing enhanced scaling factors in L1 measurement requirements for PC6 UE supporting Rel-18 multi-panel reception and when highSpeedDeploymentTypeFR2-r17 is configured as bidirectional for Rel-18 FR2, L1 measurement period can be further updated as presented in below: 

Table 2: Agreed measurement period TL1-RSRP_Measurement_Period_SSB configured with highSpeedMeasFlagFR2-r17 for FR2.
	Configuration 
	TL1-RSRP_Measurement_Period_SSB (ms)  

	non-DRX 
	max(TReport, ceil(M*P*N1Note2)*TSSB) 

	DRX cycle ≤ 80ms 
	max(TReport, ceil(M*P*N1Note2*M2)*max(TDRX,TSSB))  

	80ms< DRX ≤ 320ms 
	max(TReport, ceil(1.5*M*P*N)*max(TDRX,TSSB)) 

	DRX cycle > 320ms 
	ceil(1.5*M*P*N)*TDRX 

	Note1:	TSSB = ssb-periodicityServingCell is the periodicity of the SSB-Index configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting. 
Note 2:	Scaling factor N1 = 2 when highSpeedMeasFlagFR2-r17 = set1; or scaling factor N1 = 6 when highSpeedMeasFlagFR2-r17 = [set2], if UE is not supporting [simultaneousReceptionFR2HST-r18] or when highSpeedDeploymentTypeFR2-r17 is not configured as bidirectional. Scaling factor N1 = [TBA] when highSpeedMeasFlagFR2-r17 is configured to set1 or scaling factor N1 = [4] when highSpeedMeasFlagFR2-r17 is configured to set2, if UE is supporting [simultaneousReceptionFR2HST-r18] and when highSpeedDeploymentTypeFR2-r17 is configured as bidirectional. 
Note 3:	M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1 



Below in Table 3 and Table 4, we provide an overview of measurement period enhancements of Rel-18 enhanced FR2 PC6 UE compared to legacy Rel-17 PC6 UEs.
[bookmark: _Ref146092106][bookmark: _Hlk146092079]Table 3: L1RSRP_Measurement_Period_SSB when highSpeedMeasFlagFR2-r17 is configured to set1.
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms)

	
	M = 1, P = 1
	M = 3, P = 1

	[bookmark: _Hlk146017335]
	Rel-17 CPE
	Rel-18 CPE
	Gain
	Rel-17 CPE
	Rel-18 CPE
	Gain

	non-DRX
	40
	40
	0
	120
	100
	17%

	DRX = 40 msec
	80
	80
	0
	240
	200
	17%

	[bookmark: _Hlk146092008]TSSB = 20 msec, SMTC periodicity = 20 msec, highSpeedMeasFlagFR2-r17 is configured to set1



[bookmark: _Ref146092110]Table 4: L1RSRP_Measurement_Period_SSB when highSpeedMeasFlagFR2-r17 is configured to set2.
	Configuration
	TL1-RSRP_Measurement_Period_SSB (ms)

	
	M = 1, P = 1
	M = 3, P = 1

	
	Rel-17 CPE
	Rel-18 CPE
	Gain
	Rel-17 CPE
	Rel-18 CPE
	Gain

	non-DRX
	120
	80
	33%
	360
	240
	33%

	DRX = 40 msec
	240
	160
	33%
	720
	480
	33%

	TSSB = 20 msec, SMTC periodicity = 20 msec, when highSpeedMeasFlagFR2-r17 is configured to set2



[bookmark: _Toc146730270]Introducing enhanced L1 measurement scaling factors for PC6 UE supporting Rel-18 multi-panel reception offer up to 17% lower L1 measurement period for Set1 and 33% for Set2 deployments.
[bookmark: _Toc146730271]RAN4 to agree on enhanced scaling factor N1 = 1.5 when highSpeedMeasFlagFR2-r17 is configured to set1 or scaling factor N1 = 4 when highSpeedMeasFlagFR2-r17 is configured to set2 when UE supports [simultaneousReceptionFR2HST-r18] and highSpeedDeploymentTypeFR2-r17 is configured as bidirectional.

[bookmark: _Toc116995848]Conclusion
In the paper, we discuss the main open issues related to the RRM aspects of simultaneous multi-panel reception in Rel-18 HST enhanced FR2 deployments.
The following Observations and Proposals were made:

1. There is no yet final agreement regarding UE capability for simultaneous reception in the NR_FR2_multiRX_DL WI.
Assumptions and requirements of UE operation in Rel-18 Multi-Rx WI are different from Rel-18 FR2 enhanced PC6.
1. RAN4 to define a new specific capability for Rel-18 FR2 enhanced PC6 with simultaneous two panel reception.

Table 1: Proposed UE feature list to support Rel-18 enhanced FR2 PC6 operation. 
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	22.
NR_HST_FR2
	22-1
	Support of FR2 HST operation
	1) Support of FR2 UE PC6
2) Support of enhanced RRM requirements for FR2 HST (except the requirement for one shot large UL timing adjustment)
3) Support of demodulation processing for FR2 HST
	
	Yes
	No
	UE does not meet FR2 high speed train scenario
	Per Band
	NO
	FR2 only
	N/A
	FR2 UE power class PC6 signalling is used to indicate support of feature group
	Optional with capability signalling

	22. NR_HST_FR2
	22-2
	Support of one shot large UL timing adjustment
	1) Support of one shot large UL timing adjustment
	22-1
	Yes
	No
	UE does not support one shot large UL timing adjustment
	Per Band
	NO
	FR2 only
	N/A
	
	 Optional with capability signaling

	22. NR_HST_FR2
	22-3
	Support of FR2 HST with simultaneous
reception operation
	1) Support of enhanced RRM requirements for FR2 PC6 UE with two panel simultaneous reception.


	22-1

	Yes
	No
	UE does not meet FR2 high speed train scenario with two panel simultaneous reception
	Per Band
	NO
	FR2-1 only
	N/A
	
	Optional with capability signaling



To support Rel-18 enhanced FR2 operation, RAN4 either to define a new feature group (as described in Table 1 above) or to add a new component to FR2 HST feature group (22-1) in Rel-18.
Rel-18 enhanced HST FR2 PC6 UE is be able to simultaneously receive data and perform SSB-based measurement if the SSB and data are configured with different QCL-TypeD and are associated with different CORRSET pool indexes.
RAN4 to define scheduling/measurement restrictions to be applied for Rel-18 CPE with simultaneous PDSCH/PDCCH/CSI-RS for CQI reception on one RX chain and SSB reception on the other RX chain in case of PDSCH/PDCCH/CSI-RS and SSB are configured with different QCL-TypeD and are associated with different CORRSET pool indexes.
Introducing enhanced L1 measurement scaling factors for PC6 UE supporting Rel-18 multi-panel reception offer up to 17% lower L1 measurement period for Set1 and 33% for Set2 deployments.
RAN4 to agree on enhanced scaling factor N1 = 1.5 when highSpeedMeasFlagFR2-r17 is configured to set1 or scaling factor N1 = 4 when highSpeedMeasFlagFR2-r17 is configured to set2 when UE supports [simultaneousReceptionFR2HST-r18] and highSpeedDeploymentTypeFR2-r17 is configured as bidirectional.
[bookmark: _Toc116995849]
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