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1. Introduction
In RAN#95e meeting, the Rel-18 RAN4-led WI on enhanced NR support for high speed train scenario in FR2 has been approved as [1]. This Rel-18 can be regarded as the continuous enhancement over the Rel-17 feature of NR support of FR2 HST, in which Rel-17 WI RAN4 has focused on train roof-mounted high-power devices for NR SA single carrier scenario in FR2, by studying the FR2 HST deployment scenario and specifying the channel modelling, RF, RRM and demodulation requirements for FR2 HST. At the previous RAN4 #107 meeting, the intensive discussion on simultaneous multi-panel operation for train roof-mounted FR2 high power devices was processed and considerable progress was achieved accordingly. A WF on such topic was agreed [2]:
In this contribution, we would like to share our viewpoints and analysis for the following issues. 
· Scheduling restriction requirement enhancement for data+ L1 measurement in Rel-18 FR2 HST
· The sweeping factor N1 reduction discussion 
2 Discussion 
2.1 Discussion on possible scenarios in FR2 HST
From our understanding, in Rel-18 FR2 HST, the following scenarios could be considered, which are shown in Fig.1. 
· Scenario A & D: The typical scenarios. In such scenarios, the FR2 PC6 UE is expected to operate with two active panels pointed forward and backward to receive DL signal transmitted from multiple RRHs with different QCL Type-D RSs at the same time. The difference between A and D is that the former corresponding to the scheme that connecting to 2nd-Nearest RRH, and the latter corresponding to the scheme that connecting to nearest RRH except coverage hole.
· Scenario B & C: The impossible scenarios. In such scenarios, the FR2 PC6 UE is connected to single RRH and uses separate panels to perform simultaneous DL reception of different directions from the same RRH with different QCL Type-D RSs at the same time.
· Scenario E & F: Reflection scenarios. From our understanding, these two scenarios should be precluded, since the typical fading channel in FR2 HST to be considered is RMa LOS propagation model based on the agreements achieved in RAN4 previous meetings
[image: ]
Fig. 1 Possible scenarios in FR2 HST
Proposal 1: There is no need to consider the following scenarios to define the RRM requirements for Rel-18 FR2 HST Multi-Rx
· Scenario B & C: The FR2 PC6 UE uses separate panels to perform simultaneous DL reception of different directions from the same RRH with different QCL TypeD RSs at the same time.
· Scenario E & F: Reflection Scenario.
Proposal 2: RAN4 need to define the RRM requirements for Rel-18 FR2 HST Multi-Rx based on the following scenarios:
· Scenario A & D: The FR2 PC6 UE uses two active panels pointed forward and backward to receive DL signal transmitted from multiple RRHs with different QCL TypeD RSs at the same time.
· The difference between A and D is that A corresponding to the scheme connecting to 2nd-Nearest RRH, and D corresponding to the scheme connecting to nearest RRH except coverage hole
2.2 Scheduling restriction requirement for L1-RSRP in Rel-18 FR2 HST
In the last meeting, RAN4 had some discussions on the applicable condition for FR2 multi-panel without GBBR as prerequisite, the following agreement is achieved
	New Issue related to Issue 1-1-5: Applicable condition for FR2 HST multi-RX in the spec, if without GBBR as prerequisite
<Agreement>
· 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
· NW shall configure Rel-17 HST flag (highSpeedMeasFlagFR2) and bi-direction flag (i.e., highSpeedDeploymentTypeFR2)


2.2.1 The existing IE simultaneousReceptionDiffTypeD-r16
In Rel-16 NR MIMO enhancement WI, several enhancements to enable efficient and robust DL multi-TRP/panel operation: e.g., DL transmission schemes with simultaneous and non-simultaneous multi-beam reception from multiple TRPs/panels were introduced, which shall require the support of simultaneous multi-panel operation with several independent RX beams/chains at the UE side. Accordingly, a Rel-16 FR2 UE capability for simultaneous multi-beam reception was introduced, i.e., simultaneousReceptionDiffTypeD-r16. However, no RF, RRM or performance requirements were defined in Rel-16 and Rel-17 for FR2 UEs with simultaneousReceptionDiffTypeD-r16 capability.
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	simultaneousReceptionDiffTypeD-r16
Indicates whether the UE supports simultaneous reception with different QCL Type D reference signal as specified in TS38.213.
	Band
	No
	N/A
	FR2 only



Have checked RAN1 discussions, and based on the agreements achieved in Multi-Rx in RAN4 #106-bis-e[R4-2306318],
	WF on NR FR2 multi-Rx chain DL reception RRM requirements (part 1)
Issue 1-4-1: Clarification/understanding on R16 UE capabilitiy simultaneousReceptionDiffTypeD
<Agreement >:
· It is RAN4 understanding that the R16 UE capability simultaneousReceptionDiffTypeD is only applicable for simultaneous PDSCH reception.



It is clear that the IE only indicates supporting of simultaneous reception PDSCH with different QCL-type D RS. 
Observation 1: The UE capability simultaneousReceptionDiffTypeD-r16 is applicable only for PDSCH reception.

By taking this observation into consideration, it is necessary to introduce a new UE capability to support simultaneous reception of data+RS and RS+RS in FR2 HST WI. However, Rel-18 multi-Rx WI has parallel discussion with ongoing analysis on UE capability, and it is agreed that the issue of UE capability for simultaneous reception in Rel-18 is postponed until there is sufficient progress on requirements. From this, to avoid the overlapping of similar discussions in different WIs, we have 
Proposal 3: RAN4 need to define a new UE capability [simultaneousReceptionFR2HST-r18] to support simultaneous reception of data and RS in FR2 HST WI
· The design of such UE capability is postponed until there is sufficient progress on requirements

2.2.2 Scheduling restriction requirement enhancement
In Rel-17, the scheduling restriction for the one symbol before and after reference symbols (SSB, CSI-RS, etc.) used for L1-RSRP measurement was discussed for the purpose of guaranteeing the gap symbol(s) between one RRH’s SSB/CSI-RS and adjacent RRH’s PDSCH/PDCCH/CSI-RS for tracking/CSI-RS for CQI. In Rel-18, since multi-panel operation is introduced, UE can fully enjoy the benefits of multi-panel simultaneous reception, and there may potentially be other PDSCH/PDCCH transmissions in OFDM symbols before or after SSBs/CSI-RSs if two panels are activated. From this, the scheduling restriction can be relaxed for some specific conditions.

Besides, the collision handling rules are specified in TS 38.214 if SS/PBCH and PDCCH/PDSCH are transmitted in the same OFDM symbol(s), shown in below
	If the UE receives the DM-RS for PDSCH and an SS/PBCH block in the same OFDM symbol(s), then the UE may assume that the DM-RS and SS/PBCH block are quasi co-located with 'typeD', if 'typeD' is applicable. Furthermore, the UE shall not expect to receive DM-RS in resource elements that overlap with those of the SS/PBCH block, and the UE can expect that the same or different subcarrier spacing is configured for the DM-RS and SS/PBCH block in a CC except for the case of 240 kHz where only different subcarrier spacing is supported.
If at least one TCI codepoint indicates two TCI states and the UE receives the DM-RS for PDSCH and an SS/PBCH block in the same OFDM symbol(s), then the UE may assume that at least one DM-RS port for the PDSCH and SS/PBCH block are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable.
If the UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in different ControlResourceSets, and the UE receives the DM-RS for PDSCH(s) and an SS/PBCH block in the same OFDM symbol(s), then the UE may assume that at least one DM-RS port for the PDSCH(s) and SS/PBCH block are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable.



From this, we have
Proposal 4: Based on the feasible scenario A, D, a scheduling restriction for FR2 HST can be defined:
In FR2 HST scenario, when highSpeedMeasFlagFR2-r17 and highSpeedDeploymentTypeFR2 are configured for a UE indicating [simultaneousReceptionFR2HST-r18].

For the case where PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI are transmitted from more than one RRHs in one slot, scheduling restriction relaxation can be made for one symbol before and one symbol after each consecutive SSB symbols, periodic CSI-RS resource, aperiodic CSI-RS resource to be measured for L1-RSRP measurement with multi-panel operation when the following conditions are met:
· FR2 PC6 UE is equipped with two panels, and activates the two panels all the time or most of the time, and
· The RSs and one of the PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI are transmitted through different RRHs corresponding to two serving beam orientation at the same time, and
· If CSI-RS resource is configured for L1-RSRP measurement, the CSI-RS resource configured for L1-RSRP measurement has the same QCL source as the active TCI state of any one of the PDCCH/PDSCHs, but has different QCL Type D with the active TCI state of other PDCCH/PDSCHs, or   
· If SSB resource is configured for L1-RSRP measurement, the SSB resource configured for L1-RSRP measurement is QCL Type D with the active TCI state of any one of the PDCCH/PDSCHs, but has different QCL Type D with the active TCI state of other PDCCH/PDSCHs
Note: The transmission beams from two RRHs are pointing opposite direction of train movement trend
2.2 Discussion on sweeping factor N1 
In the last meeting, the groups agreed to reduce the sweeping factor N1 in FR2 HST multi-panel simultaneous reception, but how to reduce N1 were offline discussed without conclusions yet. From our understanding, it is better to discuss the issue under the context of Sets configuration assumption.
2.2.1 Set 1 configuration
In case of Set 1, Rx beam sweeping scaling factor per UE is 2. Taking the deployment assumption that Ds = 700 m, Dmin = 10 m and Hdiff =10 m into account, the network covers mainly the area very close to the railway track. From this, if the sweeping factor N1 is reduced to [1] when highSpeedMeasFlagFR2-r17 = set1 considering the multi-panel simultaneous reception in two different directions, it is still possible cover the RRH beams from different directions when traveling from one RRH to the next along the track with the reduced N1.
Proposal 5: For set1 configuration: N1 can be further reduced to [1]

2.2.2 Set 2 configuration
In case of Set 2, Rx beam sweeping scaling factor per UE is 6, and the corresponding deployment assumption that Ds = 700 m, Dmin = 150 m. Although with simultaneous DL reception from different directions, smaller N1 value is expected, it is up to UE implementation on how to perform RX beam sweeping. The candidate values for beam sweeping factor reduction can be 1) N1 is reduced to [3] when highSpeedMeasFlagFR2-r17 = set2, which is the ideal case that the spherical coverage due to panel 1 and panel 2 are purely non-overlapped, and each panel can cover half of the fully beam directions; 2) N1 is reduced to [4] when highSpeedMeasFlagFR2-r17 = set2, which is the case that the spherical coverage due to panel 1 and panle2 are partially overlapped.
Observation 2: The candidate values for beam sweeping factor reduction can be {3,4} for FR2 HST Multi-RX.
At the same time, regarding the methods to achieve faster beam sweeping in FR2 HST Multi-Rx. We don’t see there is any big difference between HST and non-HST scenarios, the agreement achieved for R18 multi-Rx WI is also applicable for R18 HST with multi-RX in principle. Considering the agreement we got in Multi-Rx #107 [R4-2310155], copied as below, we have 
	Issue 1-2-1: Methods to achieve faster beam sweeping
Agreements:
· RAN4 to define new optional UE capability for beam sweeping factor reduction for SSB-based L1-RSRP measurement if the UE is capable of multi-Rx operation.


Proposal 6: RAN4 to define new optional UE capability for beam sweeping factor N1 reduction for L1-RSRP measurement if the FR2 PC6 UE is capable of multi-Rx operation
3. Conclusion
In this contribution, we provided our viewpoints on the RRM aspects for this work item, accordingly the following observations and proposals are obtained: 
Observation 1: The UE capability simultaneousReceptionDiffTypeD-r16 is applicable only for PDSCH reception.
Observation 2: The candidate values for beam sweeping factor reduction can be {3,4} for FR2 HST Multi-RX.

Proposal 1: There is no need to consider the following scenarios to define the RRM requirements for Rel-18 FR2 HST Multi-Rx
· Scenario B & C: The FR2 PC6 UE uses separate panels to perform simultaneous DL reception of different directions from the same RRH with different QCL TypeD RSs at the same time.
· Scenario E & F: Reflection Scenario.
Proposal 2: RAN4 need to define the RRM requirements for Rel-18 FR2 HST Multi-Rx based on the following scenarios:
· Scenario A & D: The FR2 PC6 UE uses two active panels pointed forward and backward to receive DL signal transmitted from multiple RRHs with different QCL TypeD RSs at the same time.
· The difference between A and D is that A corresponding to the scheme connecting to 2nd-Nearest RRH, and D corresponding to the scheme connecting to nearest RRH except coverage hole
Proposal 3: RAN4 need to define a new UE capability [simultaneousReceptionDiffTypeD-r18] to support simultaneous reception of data and RS in FR2 HST WI
· The design of such UE capability is postponed until there is sufficient progress on requirements
Proposal 4: Based on the feasible scenario A, D, a scheduling restriction for FR2 HST can be defined:
In FR2 HST scenario, when highSpeedMeasFlagFR2-r17 and highSpeedDeploymentTypeFR2 are configured for a UE indicating [simultaneousReceptionDiffTypeD-r18].

For the case where PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI are transmitted from more than one RRHs in one slot, scheduling restriction relaxation can be made for one symbol before and one symbol after each consecutive SSB symbols, periodic CSI-RS resource, aperiodic CSI-RS resource to be measured for L1-RSRP measurement with multi-panel operation when the following conditions are met:
· FR2 PC6 UE is equipped with two panels, and activates the two panels all the time or most of the time, and
· The RSs and one of the PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI are transmitted through different RRHs corresponding to two serving beam orientation at the same time, and
· If CSI-RS resource is configured for L1-RSRP measurement, the CSI-RS resource configured for L1-RSRP measurement has the same QCL source as the active TCI state of any one of the PDCCH/PDSCHs, but has different QCL Type D with the active TCI state of other PDCCH/PDSCHs, or   
· If SSB resource is configured for L1-RSRP measurement, the SSB resource configured for L1-RSRP measurement is QCL Type D with the active TCI state of any one of the PDCCH/PDSCHs, but has different QCL Type D with the active TCI state of other PDCCH/PDSCHs
Note: The transmission beams from two RRHs are pointing opposite direction of train movement trend
Proposal 5: For set1 configuration: N1 can be further reduced to [1]
Proposal 6: RAN4 to define new optional UE capability for beam sweeping factor N1 reduction for L1-RSRP measurement if the FR2 PC6 UE is capable of multi-Rx operation
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