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[bookmark: _Toc116995841]Introduction
The latest agreements on simultaneous multi-panel reception in HST FR2 enhanced from the last RAN4 meeting can be found in the WF [1]. Most of the open issues were resolved at RAN4#107 but there are still some aspects that require further clarification:
· Applicable conditions for simultaneous two-panel reception in HST FR2 scenario
· Enhancements due to the introduction of simultaneous L1+L1 measurements
· Enhancements due to the introduction of simultaneous L1 measurements + Data reception
In the paper, we provide some additional justifications to the open issues listed above with the target to reflect those in the CRs that are under preparation at RAN#108 meeting.
Updated simulation results that are supporting our proposals on the enhancement of scaling factors can be found in the accompanying contribution [2].

[bookmark: _Toc116995842]Discussion
Applicable conditions for simultaneous reception
The following relevant agreements and open Issues are listed in the WF [1]:
	Issue 1-1-5: The applicability and necessity of GBBR in FR2 HST
· Agreement (Updated agreement from Thursday Ad-Hoc Session): 
· FR2 HST requirement shall be defined without GroupBasedBeamReporting-r17 supported and GBBR configured
· FFS the performance degradation if GBBR is not configured. 




	New Issue related to Issue 1-1-5: Applicable condition for FR2 HST multi-RX in the spec, if without GBBR as prerequisite: 
· Agreement from Thursday Ad-Hoc Session: 
· Applicable condition for FR2 HST multi-panel requirement, if without GBBR as prerequisite
· FR2 PC6 UE shall support the multi-panel simultaneous reception capability 
· FFS new or existing (simultaneousReceptionDiffTypeD-r16) capability for multi-panel simultaneous reception
· [bookmark: _Hlk139966061][bookmark: _Hlk139966083]NW shall configure Rel-17 HST flag (highSpeedMeasFlagFR2) and bi-direction flag (i.e., highSpeedDeploymentTypeFR2)




Parameter simultaneousReceptionDiffTypeD-r16 has been defined in Release-16 to indicate whether the UE supports simultaneous reception from two different QCL type-D beams. However, the corresponding RRM and performance requirements were not defined in Rel-16 and Rel-17. As detailed in 3GPP TS [3], this parameter is provided in IE MIMO-ParametersPerBand for FR2 and applies for simultaneous reception [4]. Also, the UE capability for monitoring PDCCH with two TCI states can be indicated by sfnSchemePDCCH parameter which has been developed for FR1.
[bookmark: _Toc142687193]simultaneousReceptionDiffTypeD-r16 indicates simultaneous reception from two different QCL type-D TCI-states.
As agreed in previous RAN4 meetings, enhanced PC6 FR2 HST UE shall be capable of receiving simultaneous PDCSH, PDCCH, performing simultaneous L1 measurement (i.e., L1 + L1), and simultaneous data reception and L1 measurement (i.e., data + L1). However, there seems no direct indication to show the UE capability for simultaneous L1 measurement.
[bookmark: _Toc142687194]There is no parameter indicating the UE capabilities for simultaneous FR2 PDCCH reception, simultaneous L1 measurement (i.e., L1 + L1), and simultaneous data reception and L1 measurement (i.e., data + L1) simultaneous L1 measurement.

To overcome the above issues, one can consider the combination of simultaneousReceptionDiffTypeD-r16, highSpeedMeasFlagFR2, and highSpeedDeploymentTypeFR2 to indicate enhanced Rel-18 HST PC6 capability to perform the above discussed simultaneous operations in DL. In this case, RAN2 may also need to clarify the applicability of simultaneousReceptionDiffTypeD-r16.
[bookmark: _Toc142687195]RAN4 can reuse simultaneousReceptionDiffTypeD-r16 UE capability when highSpeedMeasFlagFR2 and   highSpeedDeploymentTypeFR2-r17 = bidirectional NW signalling are configured as a pre-requisite of Rel-18 FR2 HST enhanced operation (i.e., simultaneous reception).
[bookmark: _Toc142687196]One potential issue re-using simultaneousReceptionDiffTypeD-r16 parameter for Release-18 enhanced CPE is the confusion of the network about the UE capability whether it is a Rel-18 CPE or Rel-16 CPE. A similar issue has been also identified in multi-Rx WI [5].

[bookmark: _Toc142687197]Re-using simultaneousReceptionDiffTypeD-r16 may result in additional confusion at the network about the UE capabilities, especially, if it is agreed to use a different capability to indicate the support for simultaneous reception in Rel-18 NR_FR2_multiRX_DL WI. The reuse of simultaneousReceptionDiffTypeD-r16 UE capability in HST FR2 enhanced scenario may need a clarification in RAN2.
[bookmark: _Hlk139017531][bookmark: _Toc142687198]RAN4 should consider multi-RX agreement for defining new or reusing existing UE capability for FR2 enhanced simultaneous reception in DL.

Enhancements due to simultaneous L1 measurements
The following relevant agreements and open Issues are listed in the WF [1]:
	[bookmark: _Hlk135865725]Whether to consider/enhance simultaneous L3+L3, L3+L1 and L1+L1 measurement for multi-panel RX in Rel-18 FR2 HST WI?
· Agreement from Thursday Ad-Hoc Session: 
· RAN4 shall preclude the simultaneous L3+L3 measurement for multi-panel RX in Rel-18 FR2 HST WI.
· RAN4 shall preclude the simultaneous L3+L1 measurement for multi-panel RX in Rel-18 FR2 HST WI.
· RAN4 shall consider the simultaneous L1+L1 measurement for multi-panel RX in Rel-18 FR2 HST WI, and new requirements shall be defined accordingly
· FFS applicable condition of the enhancement for new requirement:
· Restriction on SSB configuration for neighboring RRHs
· Enhancement on only set1, or both set1 and set2. 
· The sweeping factor N1 can be reduced in FR2 HST multi-panel simultaneous reception 
· FFS how to reduce N1




Assuming multi-TRP operation with same Physical Cell ID (PCI), the network broadcasts SSBs in a TDM manner. Hence SSBs of different RRHs with same PCI do not overlap in the time domain. In this case, if the UE is configured with group-based beam reporting, the transmitted and received sets may not overlap during.
[bookmark: _Toc142687199]The network broadcasts SSBs of RRHs with the same PCI in TDM manner, and hence SSBs for the same cell do not overlap in time.
In addition, it has been already agreed in Rel-17 FR2 HST measurement requirements in TS 38.133 that measurement and evaluation period requirements with highSpeedMeasFlagFR2-r17 configured in clause 4.2.2.3, are only applicable when any two SSBs from adjacent RRHs are not on the same or consecutive symbols. 
[bookmark: _Toc142687200]Restriction on SSB transmission from neighboring non-collocated cell already introduced in HST Rel-17 (Clause 3.6.14 of TS 38.133) is expected to be applicable for enhanced Rel-18 FR2 HST deployments.
[bookmark: _Toc142687201]No additional restriction on SSB configuration for neighboring RRHs is needed for Rel-18 enhanced HST deployment.
Based on the current TS 38.133 the Rel-17 UE shall be capable of performing L1-RSRP measurements based on the configured SSB resource for L1-RSRP computation, and the UE physical layer shall be capable of reporting L1-RSRP measured over the measurement period of TL1-RSRP_Measurement_Period_SSB defined in Table 9.5.4.1-3 for FR2 power class 6 UE when highSpeedMeasFlagFR2-r17 is configured [6]. 

[bookmark: _Hlk139970651]Table 9.5.4.1-3: 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:	N1 = 2 when highSpeedMeasFlagFR2-r17 = set1; N1 = 6 when highSpeedMeasFlagFR2-r17 = [set2].
Note 3:	M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1



Assuming enhanced FR2 CPE operation in Rel-18 the CPE is able to perform  L1 measurements simultaneously on both panels and hence does not need to do panel sweeping. This contributes to lower required L1 measurement period which is needed to preserve the performance considering the high-speed nature of PC6 UE. In our paper [2], we have provided updated 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. The results show that 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 the best beams with higher RSRP to serve the UE. The network can react faster to the degradation of channel condition and is able to reduce the beam failures and the outage due to low RSRP. 
[bookmark: _Toc142687202]Enhancing the required measurement time for FR2 HST UE reduces the outage as well as beam-failure rate. 
 Based on the above discussions, for Rel-18 FR2 enhanced HST when the CPE is configured with simultaneous L1 measurement (L1 + L1) on both panels, the measurement period can be further updated as presented in below:
Proposed 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:	N1 = 2 when highSpeedMeasFlagFR2-r17 = set1; N1 = 6 when highSpeedMeasFlagFR2-r17 = [set2].
Note 3:	M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2 = 1
[bookmark: _Hlk142385812]Note 4: 	For PC6 UE supporting [simultaneousReceptionDiffTypeD-r16] and for highSpeedDeploymentTypeFR2-r17 = bidirectional N1 = 1 when highSpeedMeasFlagFR2-r17 = set1; N1 = 3 when highSpeedMeasFlagFR2-r17 = set2.



[bookmark: _Toc142687203]Introduce enhanced scaling factors in L1 measurement requirements for PC6 UE supporting [simultaneousReceptionDiffTypeD-r16] and when highSpeedDeploymentTypeFR2-r17 = bidirectional.
[bookmark: _Toc142687204]The scaling factor for PC6 UE with simultaneous L1 measurement capability can be enhanced to N1 = 1 when highSpeedMeasFlagFR2-r17 = set1; N1 = 3 when highSpeedMeasFlagFR2-r17 = set2.

Scheduling restrictions for simultaneous L1 measurements and data reception
Finally, we address some of the open issues related to the scheduling restriction and scheduling availability of the UE performing simultaneous measurements and data reception:
	Whether to consider/enhance simultaneous data+L1 measurement and data+L3 measurement for multi-panel RX in Rel-18 FR2 HST WI?
· Agreement from Thursday Ad-Hoc Session: 
· RAN4 shall preclude any enhancement on the scheduling restriction requirement for simultaneous L3 measurement and data reception in Rel-18 FR2 HST.
· RAN4 shall consider data+L1 measurement for Rel-18 FR2 HST multi-panel RX:
· FFS The necessity of scheduling restriction requirement enhancement for data+ L1 measurement in Rel-18 FR2 HST
· RAN4 should introduce enhancement on the scheduling restriction requirement for L1-RSRP in Rel-18 FR2 HST
· FFS applicable condition of the enhancement for new requirement
· FFS whether RAN4 should preclude any enhancement on the scheduling restriction requirement for RLM in Rel-18 FR2 HST




Most of the current measurement and scheduling restrictions are formulated in the assumptions that when RSs are received at the UE, the data cannot be received at the same time. However, as it is illustrated in the Figure 1, when simultaneous two-panel reception is enabled, the CPE can receive data on one panel, whereas RS that are transmitted from the other RRH can be received on the other panel.



[bookmark: _Ref142390721]Figure 1: Simultaneous data reception and L1 measurements (left), and simultaneous L1 + L1 measurements (right).

[bookmark: _Toc142687205]Scheduling/measurement restrictions are introduced due to former UE incapability of receiving data/CSI-RS and making L1 measurements simultaneously when only one panel/chain is active at a time. 
In Rel-15-Rel-17 when RS for L1-RSRP measurement is CSI-RS which is QCLed with active TCI state for PDCCH/PDSCH and not in a CSI-RS resource set with repetition ON, there is no requirement for considering scheduling restriction for PDSCH/PDCCH in FR2. 
Observation 1: [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 for 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 1: [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 2: 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.
Based on the general Proposal above, we think that additionally to the sections were marked for enhancements in WF [1], the measurement restrictions / scheduling availability in the following clauses also require enhancements due to simultaneous data reception and L1 measurements:
[bookmark: _Toc142687206]RAN4 to enhance the scheduling restriction/availability requirements for mult-Rx capable UE in HST FR2 scenarios:
a. [bookmark: _Toc142687207]TS 38.133 clause 8.5.5.3; Measurement restriction for SSB based candidate beam detection.
b. [bookmark: _Toc142687208]TS 38.133 clause 8.5.7.3; Scheduling availability of UE performing beam failure detection on FR2
c. [bookmark: _Toc142687209]TS 38-133 clause 8.5.8.3; Scheduling availability of UE performing L1-RSRP measurement on FR2 for candidate beam detection
d. [bookmark: _Toc142687210]TS 38-133 clause 8.18.2.3; Measurement restriction for SSB based beam failure detection	(Multi-TRP)
e. [bookmark: _Toc142687211]TS 38-133 clause 8.18.5.3; Measurement restriction for SSB based candidate beam detection (Multi-TRP)
f. [bookmark: _Toc142687212]TS 38-133 clause 8.18.9.3; Scheduling availability of UE performing L1-RSRP measurement on FR2 for candidate beam detection

Below, we demonstrate and example of the requirement relaxation:
	Clause 8.5.5.3; Measurement restriction for SSB based candidate beam detection
	In HST FR2 scenario, the power class 6 UE supporting [simultaneousReceptionDiffTypeD-r16] when the SSB for CBD measurement is transmitted from a different TRP than the one transmitting CSI-RS/SSB for RLM, BFD, CBD or L1-RSRP measurement, there is no measurement restriction when performing measurements on different panel provided the highSpeedMeasFlagFR2-r17 is configured and highSpeedDeploymentTypeFR2-r17 is bidirectional.



	clause 8.5.7.3; Scheduling availability of UE performing beam failure detection on FR2
	 In HST FR2 scenario, the power class 6 UE supporting [simultaneousReceptionDiffTypeD-r16] when SSB/CSI-RS is configured for BFD is explicitly configured and is type-D QCLed with active TCI state for PDCCH or PDSCH, and if the RS is CSI-RS which is not in a CSI-RS resource set with repetition ON;
-	There are no scheduling restrictions due to beam failure detection performed based on the SSB/CSI-RS.

In HST FR2 scenario, the power class 6 UE supporting [simultaneousReceptionDiffTypeD-r16] is expected to receive PDCCH, PDSCH or CSI-RS for tracking or CSI-RS for CQI on from a different TRP on BFD-RS resource symbols to be measured for beam failure detection provided the highSpeedMeasFlagFR2-r17 is configured and highSpeedDeploymentTypeFR2-r17 is bidirectional.





[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: simultaneousReceptionDiffTypeD-r16 indicates simultaneous reception from two different QCL type-D TCI-states.
Observation 2: There is no parameter indicating the UE capabilities for simultaneous FR2 PDCCH reception, simultaneous L1 measurement (i.e., L1 + L1), and simultaneous data reception and L1 measurement (i.e., data + L1) simultaneous L1 measurement.
Proposal 1: RAN4 can reuse simultaneousReceptionDiffTypeD-r16 UE capability when highSpeedMeasFlagFR2 and   highSpeedDeploymentTypeFR2-r17 = bidirectional NW signalling are configured as a pre-requisite of Rel-18 FR2 HST enhanced operation (i.e., simultaneous reception).
One potential issue re-using simultaneousReceptionDiffTypeD-r16 parameter for Release-18 enhanced CPE is the confusion of the network about the UE capability whether it is a Rel-18 CPE or Rel-16 CPE. A similar issue has been also identified in multi-Rx WI [5].
Observation 3: Re-using simultaneousReceptionDiffTypeD-r16 may result in additional confusion at the network about the UE capabilities, especially, if it is agreed to use a different capability to indicate the support for simultaneous reception in Rel-18 NR_FR2_multiRX_DL WI. The reuse of simultaneousReceptionDiffTypeD-r16 UE capability in HST FR2 enhanced scenario may need a clarification in RAN2.
Proposal 2: RAN4 should consider multi-RX agreement for defining new or reusing existing UE capability for FR2 enhanced simultaneous reception in DL.
Observation 4: The network broadcasts SSBs of RRHs with the same PCI in TDM manner, and hence SSBs for the same cell do not overlap in time.
Observation 5: Restriction on SSB transmission from neighboring non-collocated cell already introduced in HST Rel-17 (Clause 3.6.14 of TS 38.133) is expected to be applicable for enhanced Rel-18 FR2 HST deployments.
Proposal 3: No additional restriction on SSB configuration for neighboring RRHs is needed for Rel-18 enhanced HST deployment.
Observation 6: Enhancing the required measurement time for FR2 HST UE reduces the outage as well as beam-failure rate.
Proposal 4: Introduce enhanced scaling factors in L1 measurement requirements for PC6 UE supporting [simultaneousReceptionDiffTypeD-r16] and when highSpeedDeploymentTypeFR2-r17 = bidirectional.
Proposal 5: The scaling factor for PC6 UE with simultaneous L1 measurement capability can be enhanced to N1 = 1 when highSpeedMeasFlagFR2-r17 = set1; N1 = 3 when highSpeedMeasFlagFR2-r17 = set2.
Observation 7: Scheduling/measurement restrictions are introduced due to former UE incapability of receiving data/CSI-RS and making L1 measurements simultaneously when only one panel/chain is active at a time.
Proposal 8: RAN4 to enhance the scheduling restriction/availability requirements for mult-Rx capable UE in HST FR2 scenarios:
a.	TS 38.133 clause 8.5.5.3; Measurement restriction for SSB based candidate beam detection.
b.	TS 38.133 clause 8.5.7.3; Scheduling availability of UE performing beam failure detection on FR2
c.	TS 38-133 clause 8.5.8.3; Scheduling availability of UE performing L1-RSRP measurement on FR2 for candidate beam detection
d.	TS 38-133 clause 8.18.2.3; Measurement restriction for SSB based beam failure detection (Multi-TRP)
e.	TS 38-133 clause 8.18.5.3; Measurement restriction for SSB based candidate beam detection (Multi-TRP)
f.	TS 38-133 clause 8.18.9.3; Scheduling availability of UE performing L1-RSRP measurement on FR2 for candidate beam detection
[bookmark: _Toc116995849]
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