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Introduction
Briefly introduce background, the scope of this summary (e.g. list of treated agenda items).
In RAN#95e meeting, the Rel-18 RAN4-led work item on enhanced NR support for high speed train scenario in FR2 has been approved [RP-220985], which has been further updated in [RP-222272]. In RAN4#104-bis-e, the works on tunnel deployment scenarios and UL timing adjustment solutions, as well as RRM core requirement impacts for FR2 HST enhancement have been discussed with the WFs [R4-2217254] and [R4-2217255] approved, separately.
In this email thread, the following agenda items will be discussed:
· Enhanced NR support for high speed train scenario in frequency range 2
· 8.12.4 Study on reference tunnel deployment scenario and UL timing adjustment solution
· 8.12.4.1 Tunnel deployment scenarios
· 8.12.4.2 UL timing adjustment solutions
· 8.12.5 RRM core requirements
· 8.12.5.1 RRM impact by multi-panel simultaneous reception
· 8.12.5.2 RRM impact by CA
It is suggested to have the following target of 1st and 2nd round email discussion: 
· 1st round: Further discuss and collect views on proposals/observations in each of the issues and aim at reaching agreements and common understandings.
· 2nd round: Based on results from 1st round, reach agreement if not yet in the 1st round.
Topic #1: Tunnel Deployment and UL Timing Adjustment
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218996
	OPPO
	Observation 1: Indicating spatial similarity via RRC signalling is beneficial for UE implementation.
Proposal 1: With explicit network signalling, UE DL timing difference detection could be precluded from the conditions to trigger UL timing adjustment.
Proposal 2: Down-select one from RRC and MAC-CE based solutions for network signalling.

	R4-2219070
	Ericsson
	Proposal 1: To further enhance and improve beam management and mobility, RAN4 studies the method  in which UE initiates TCI state switch and network updates TCI state according to reporting by UE accordingly.
Proposal 2: We favor adding signaling which can specify SSB index (all or first/last ones) per RRH.
Proposal 3: We intend to not introduce timeAlignemntTimer in UL timing adjustment

	R4-2219071
	Ericsson
	Proposal 1:  Only DPS scheme is applied in tunnel scenario provided single-panel reception is configured. Schemes with multi-panel reception shall be FFS until clear conclusion on definitions of multi-panel reception.
Proposal 2:  Only uni-directional RRH deployment in tunnel scenario shall be defined provided single-panel reception is configured. Bi-directional RRH deployment with multi-panel reception shall be FFS until clear conclusion on definitions of multi-panel reception.
Proposal 3:  Ds = 700m, Dmin = 1m, DRRH_height = 5.3m or a little lower height, 4 RRHs per BBU.
Proposal 4: LoS propagation assumption is valid in the tunnel deployment.
Proposal 5: Tunnel scenario is very close to scenario A, it is not clear RAN4 need develop new requirements assuming tunnel scenario.

	R4-2219254
	[bookmark: OLE_LINK25]Huawei, HiSilicon
	Proposal 1: For a new UL timing adjustment solution with explicit NW signalling assistance, the improvement or the performance gain compared with existing R17 solution needs to clarified.
Proposal 2: No obvious impact on TA adjustment and timeAlignmentTimer due to one-shot large UL timing adjustment is observed, and more detailed inputs are needed to be provided from the company having concern on this issue.

	R4-2219289
	Samsung
	Observation 1: The initial ray-tracing simulation results for tunnel deployment is provided, which indicates RMS delay spread in the tunnel scenario is small, compared with other widely used TDL models. 
Observation 2: For the angular spread results, the initial ray-tracing simulation results for tunnel deployment demonstrate the availability of propagation paths restricted in a very limited range of elevation angle (averaged as ~ 10 degrees), but much wider azimuth angle range (averaged as ~ 78 degrees), from UE perspective. 
Observation 3: The identified mobility issue for HST travel opposite to the serving beam orientation could be caused by the particular configuration/assumption used in system level simualtion: The L3 handover and L1 beam mobility are not optimized for the condition to trigger the handover or beam switching. 


	R4-2219660
	Huawei, HiSilicon
	1. There is LOS propagation condition same as Rel-17 Scenario A at most of time when UE is little far away from the RRH. The propagation condition looks more like NLOS (Actually with very weak LOS path power) rather than single tap when UE is around the RRH.
1. Scenario A with no fading assumption for tunnel scenario is too ideal. The large and rapid RSRP degradation cannot be observed for tunnel scenario when multi-path fading is considered.
Proposal 1: Use Uni-directional deployment for tunnel scenario for HST FR2.
Do not consider SFN scheme or other multi-TRP schemes.
Use Ds value 500m for HST FR2 tunnel scenario.
Use Dmin value 2m for HST FR2 tunnel scenario.
Use DRRH_height value 6m for HST FR2 tunnel scenario.
Use 4 RRH per BBU for HST FR2 tunnel scenario.
Proposal 7: For further evaluation, only consider NLOS propagation condition when UE is around the RRH within 50m.

	R4-2219713
	Nokia, Nokia Shanghai Bell
	Observation 1: DRRH_height should not be lower than DUE_height as such LoS propagation is not blocked by the train’s body in all cases of CPE deployment.
Observation 2: For a circular-shape single-track tunnel of 5.5 meters in radius, if assuming maximum DRRH_height=5.3 meters, then Dmin needs to be smaller than 1.47 meters. On the other hand, if assuming Dmin = 2 meters, then DRRH_height =4.9 meters which may not be feasible when DUE_height=5 meters.
Observation 3: Assumed tunnel shape and dimension in WF [1] is not clear. If a circular tunnel with diameter of 5.5 meters was assumed, then such tunnel may not be realistic for railway.
Observation 4: Link budget in the tunnel should be comparable with the open space deployments, though shorter Ds could be considered as well as it may bring benefits to the mobility performance.
Observation 5: The strong LoS path assumption should be valid for most of the area between the serving and neighbouring RRHs, except the area under the serving RRH where NLoS condition is likely presented due to the reflection and scattering paths.
Observation 6: TS38.901 RMa LoS used in Release 17 for the open space scenarios may have the path loss exponent value higher than that of tunnel channel, while the included impact of the buildings is not needed in the tunnel scenario.
Observation 7: The contribution of multi-path components to the received signal might be significant (e.g., up to 2nd order). The delay spread could be small and the excess delay between different order of multi-path components might not be separable.
Observation 8: For the RRM performance, the impact of multi-path channels seems to be minor except for the area under RRHs where impact is unclear. For the demodulation performance, the impact is hard to predict.
Observation 9: Joint transmission (JT) schemes (including SFN) can be considered only in bi-directional scenarios due to the large propagation delay differences, above the CP, in uni-directional deployments. The benefits of SFN scheme in comparison with other JT schemes in bi-directional deployments still require further evaluation.
Observation 10: Simulations with UMi street canyon propagation model show slightly better mobility performance than with RMa.
Observation 11: Mobility robustness is low in all scenarios even without DRX when train is moving to opposite direction than RRH beams are pointing to.
Observation 12: Ds=500m provides better mobility robustness than Ds=700m when DRX is disabled.
Observation 13: DPS scenario has better mobility performance with lower outage compared to scenario which is based on only handovers.
Proposal 1: RAN4 to define the reference shape and size of the tunnel and/or clarify the safety distance between RRHs and the overhead power line system.
Proposal 2: RAN4 to reuse Ds=700 as in Release 17. Otherwise, a shorter Ds of 500m is also acceptable for us.
Proposal 3: RAN 4 to decide if muti-path fading model (e.g., with up to 2nd order multi-path components) should be adopted.
Proposal 4: For uni-directional deployment in the tunnel consider either non-DPS/non-SFN or DPS scheme and only when the train is travelling in same direction with serving beam orientation.
Proposal 5: RAN4 to discuss possible solutions to the mobility issue when the UE panel is moving in the direction opposite to the serving beam, i.e., including bi-directional deployments.

	R4-2219714
	Nokia, Nokia Shanghai Bell
	Observation 1: In HST FR2 deployment with UEs capable of simultaneous multi-panel reception, the switch of UL beam should not always follow the change of DL beam.
Observation 2: For PC6 UEs supporting simultaneous multi-panel reception, a large jump in propagation delay can happen not only at DL TCI state switch but also at UL special relation switch.
Observation 3: For the PC6 UEs capable of receiving DL with two TCI sates (i.e., simultaneously from two RRHs) it should be possible to keep track of UL transmit timing for two RRH as well. Available UL transmit timing can be used directly at UL special relation switch without a need for UL transmit timing adjustment.
Proposal 1: RAN4 to consider requirements on UL transmit timing adjustment at UL spatial relation switch.
Proposal 2: PC6 UE, capable of simultaneous multi-panel reception, can support UL transmit timing to two RRHs, e.g., by possessing two UL TA loops.
Observation 4: The current design of timeAlignmentTimer does not take into account a possibility of large jump in propagation delay at beam switch. Hence, timeAlignmentTimer does not account for the large UL transmit timing adjustment or allow UL transmissions when UL timing is not aligned.
Proposal 3: RAN4 to discuss potential impacts of large jump in propagation delay on UE MAC timeAlignmentTimer behaviour and, if found to be needed, inform RAN2 about those in a LS.

	R4-2220031
	Qualcomm Incorporated
	Observation 1: Assumptions on tunnel deployment scenario do not have any additional impact on RRM requirements. 
Observation 2: In R17 FR2 HST, 2Rx beam based requirements were specified which are applicable to tunnel scenario as well.
Proposal 1: No new RRM requirements are needed for tunnel scenario.
Proposal 2: The tunnel pathloss model, fading model and link budget will be the same as scenario A (LoS).
Observation 3: When the train is travelling opposite to the serving beam orientation in a unidirectional deployment, RSRP measurement values may drop too much too fast leaving insufficient time for the network to react and trigger handover.
Proposal 3: RAN4 to discuss solutions that allow network to trigger early handover, if needed, when the train is travelling opposite to the serving beam orientation in a unidirectional deployment, e.g., if network needs to collect any additional information to avoid handover failure.
Proposal 4: Add a MAC-CE command to inform UE of the TCI state switch is across RRH.
Proposal 5: If RRC signaling based solution is adopted, network to indicate different SSBs on adjacent RRHs having the same spatial similarity information by ordering the SSB index (to RRH mapping).



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 Tunnel Deployment
Sub-topic description:
[Moderator] Based the objectives of Rel-18 enhanced NR support for FR2 HST in WID [RP-222272], to study on reference tunnel deployment scenario for FR2 HST is expected to be included in this WI, which is provided as follows.
	· Study on reference tunnel deployment scenario for FR2 HST and specify the channel model and corresponding core requirements if any [RAN4]


The sub-topic is discussed below by breaking down into 4 issues:
· Issue 1-1-1: General assumption for tunnel deployment
· Issue 1-1-2: Key parameters for tunnel deployment
· Issue 1-1-3: Reference channel model for tunnel scenario
· Issue 1-1-4: Mobility issue for tunnel scenario
Multiple companies provided their views on the four issues, so they are discussed as follows respectively.

Issue 1-1-1: General assumption for tunnel deployment
[Background] In last meeting, following WF was approved with FFS point. Companies made proposals for each FFS point, so the issue can be discussed separately on each point.
	Way Forward: 
· On the assumption of transmission scheme: 
· Further study the transmission scheme of the tunnel deployment scenario, 
· FFS SFN scheme and other multi-TRP schemes should be considered with tunnel deployment scenario.
· FFS bi-directional and uni-directional RRH deployment for tunnel scenario


1、 SFN scheme and other multi-TRP schemes
· Proposals
· Option 1 (Ericsson): 
· For single-panel reception: Only DPS scheme
· For schemes with multi-panel reception: FFS. Wait for clear definition of “multi-panel reception” 
· Option 2 (Huawei): 
· Do not consider SFN scheme or other multi-TRP schemes
· Option 3 (Nokia): 
· Joint transmission (JT) schemes (including SFN) can be considered only in bi-directional scenarios
2、 Bi-directional and uni-directional RRH deployment
· Proposals
· Option 1 (Ericsson): 
· For single-panel reception: Only uni-directional RRH deployment
· For Bi-directional RRH deployment with multi-panel reception: FFS. Wait for clear definition of “multi-panel reception” 
· Option 2 (Huawei): 
· Use Uni-directional deployment for tunnel scenario for HST FR2
· Option 3 (Nokia): 
· For uni-directional deployment in the tunnel
-Either non-DPS/non-SFN or DPS scheme can be considered
       -Only when the train is travelling in same direction with serving beam orientation

Issue 1-1-2: Key parameters for tunnel deployment
[Moderator] Some companies prefer to discuss key parameters for tunnel deployment while it seems that R4-2219071 and R4-2220031 consider that just to reuse scenario parameters assumption for HST FR2 in Rel-17 and no new RRM requirements are needed for tunnel scenario. Proposals and candidate options are captured as follows.
· Proposals 1: RAN4 discuss and study the key parameters below as baseline assumption for tunnel deployment by considering feasibility study of tunnel scenarios: 
· Ds: the distance separation between two neighboring RRH sites.
· Option 1(Huawei, Nokia): Ds = 500m 
· Option 2(Ericsson, Nokia): Ds = 700m 
· Dmin: the minimum distance between RRH site and train track.
· Option 1(Huawei): Dmin = 2m
· Option 2(Ericsson): Dmin = 1m
· Option 3(Nokia): RAN4 to define the reference shape and size of the tunnel and/or clarify the safety distance between RRHs and the overhead power line system
· DRRH_height: determined/limited by tunnel height and RRH deployment method
· Option 1 (Ericsson): DRRH_height = 5.3m or lower height
· Option 2(Huawei): DRRH_height = 6m
· Option 3(Nokia): RAN4 to define the reference shape and size of the tunnel and/or clarify the safety distance between RRHs and the overhead power line system
· gNB RRH and antenna panel element assumption. 
· Option 1 (Ericsson, Huawei) : 4 RRHs per BBU 
· Option 2: from 1 to 4 RRHs per BBU
· Proposals 2 (Ericsson, Qualcomm): Reuse assumption for HST FR2 in Rel-17. No new RRM requirements are needed for tunnel scenario

Issue 1-1-3: Reference channel model for tunnel scenario
[Moderator] Some companies provide their performance evaluation results based on SLS, which are also captured as follows as observations.
1、 Observations on performance evaluation of HST FR2 tunnel deployment
· Observations from Samsung:
· The ray-tracing simulation results for tunnel deployment indicates RMS delay spread in the tunnel scenario is small, compared with other widely used TDL models. 
· From the angular spread results, the ray-tracing simulation results for tunnel deployment demonstrate the availability of propagation paths restricted in a very limited range of elevation angle (averaged as ~ 10 degrees), but much wider azimuth angle range (averaged as ~ 78 degrees), from UE perspective.
2、 Proposals/Observations on propagation condition for tunnel deployment
· Observations from Nokia:
· The strong LoS path assumption should be valid for most of the area, except the area under the serving RRH
· Consider LoS UMi street canyon channel mode for the RRM evaluations of HST FR2 tunnel deployment
· [bookmark: _Toc118749412]RAN 4 to decide if muti-path fading model (e.g., with up to 2nd order multi-path components) should be adopted.
· For the RRM performance, the impact of multi-path channels seems to be minor except for the area under RRHs where impact is unclear. For the demodulation performance, the impact is hard to predict
· Option 1 (Ericsson, Qualcomm): 
· LoS propagation assumption is valid in the tunnel deployment
· The tunnel pathloss model, fading model and link budget will be the same as scenario A (LoS) (Qualcomm Incorporated)
· Option 2 (Huawei): 
· For further evaluation, only consider NLOS propagation condition when UE is around the RRH within 50m
· Option 3 (Nokia): 
· RAN 4 to decide if multi-path fading model (e.g., with up to 2nd order multi-path components) should be adopted.

Issue 1-1-4: Mobility issue for tunnel scenario
· Proposals/Observations
· Option 1 (Huawei): Scenario A with no fading assumption for tunnel scenario is too ideal. The large and rapid RSRP degradation cannot be observed for tunnel scenario when multi-path fading is considered
· Option 2 (Nokia, Samsung, Qualcomm, Ericsson): RAN4 to discuss possible solutions to the mobility issue when the train is travelling opposite to the serving beam orientation:
· Option 2-1 (Nokia) RAN4 to discuss possible solutions to the mobility issue when the UE panel is moving in the direction opposite to the serving beam, i.e., including bi-directional deployments
· Option 2-2 (Samsung) RAN4 to discuss possible solutions to the identified mobility issue for HST travel opposite to the serving beam orientation could be caused by the particular configuration/assumption used in system level simulation: The L3 handover and L1 beam mobility are not optimized for the condition to trigger the handover or beam switching.
· Option 2-3 (Qualcomm) RAN4 to discuss solutions that allow network to trigger early handover, if needed, when the train is travelling opposite to the serving beam orientation in a unidirectional deployment, e.g., if network needs to collect any additional information to avoid handover failure.
· Option 2-4 (Ericsson): To further enhance and improve beam management and mobility, RAN4 studies the method in which UE initiates TCI state switch and network updates TCI state according to reporting by UE accordingly

Sub-topic 1-2 UL Timing Adjustment Solution
Sub-topic description:
[Moderator] Based the objectives of Rel-18 enhanced NR support for FR2 HST in WID [RP-222272], to specify UL timing adjustment solution for FR2 HST is expected to be included in this WI, which is provided as follows:
	· Specify UL timing adjustment solution, including explicit NW signalling assistance, for FR2 HST scenario with large UL/DL propagation delay difference from different RRHs/TRPs to UE [RAN4, RAN2].


During Rel-17 discussion, there are some proposals on the explicit NW signaling assistance, including RRC configuration/MAC-CE indication of whether the upcoming TCI switching is inter-RRH or not. In RAN4#101-e, the following agreement is achieved in WF [R4-2120416], particularly for one shot large uplink timing adjustment mechanism for the UL timing adjustment.
	<From approved WF R4-2120416>
For one shot large uplink timing adjustment 
Moderator note: Highlight part is agreed during RAN4 GTW session 
· It is up to network configuration to enable one shot large uplink timing adjustment mechanism
· RAN4 will further study if additional flag, e.g., unidirectional flag on top of general FR2 HST scenario flag is needed to enable one shot large uplink timing adjustment 
· RAN4 will further study the network configuration means to disable one shot large uplink timing adjustment. 
· If one shot large uplink timing adjustment is disabled, existing uplink timing adjustment, i.e., RA based mechanism, and related existing RAN4 requirements will be applied when needed 
· Introduce a mechanism for one shot large uplink timing adjustment for FR2 HST scenarios with UE allowed to adjust uplink timing beyond Tq
· FFS for conditions and additional network assistance for UE to apply one shot large uplink timing adjustment. 
· The following options can be considered for triggering condition and network assistance 
· Option 1: No condition except DL timing difference: 
· UE will apply one shot large timing adjustment if UE measurement on DL timing difference is larger than certain threshold. 
· FFS for how to define the threshold 
· Option 2: TCI switching without network assistance: 
· UE will apply one shot large timing adjustment on TCI switching occasion if UE measurement on DL timing difference is larger than certain threshold. 
· FFS for how to define the threshold 
· Option 3: TCI switching with network assistance of indication of inter-RRH and UE large DL timing change detection
· UE will apply one shot large timing adjustment on TCI switching between RRH occasion if UE measurement on DL timing difference is larger than certain threshold. 
· FFS for how to define the threshold 
· FFS for detailed network indication of inter-RRH. One example could be a flag in MAC-CE command came with TCI state switch command, or could be SSB index and order per RRH.
· Option 4: TCI switching with network assistance of indication of inter-RRH but without UE large DL timing change detection
· UE will apply one shot large timing adjustment on TCI switching between RRH occasions 
· FFS for detailed network indication of inter-RRH. One example could be a flag in MAC-CE command came with TCI state switch command, or could be SSB index and order per RRH.
· Performance degradation and impact to signalling design shall be discussed for above procedures
· RAN4 will further discuss the accuracy performance and testing issues based on conclusion of above procedures   



The sub-topic is discussed below by breaking down into 2 issues:
· Issue 1-2-1: General view on UL timing adjustment solution
· Issue 1-2-2: Analysis on the impact of large propagation delay jump 
Multiple companies provided their views on the four issues, so they are discussed as follows respectively.

Issue 1-2-1: General view on UL timing adjustment solution
In RAN4#104bis-e meeting, RAN4 discussed on UL timing adjustment solution and the followings were captured in WF[R4-2217254]:
	Way Forward: 
· RAN4 continue to discuss UL timing adjustment solution, including explicit NW signalling assistance in Rel-18, based upon Option 3 and 4 captured in WF R4-2120416.
· Both RRC and MAC-CE based solutions are FFS.
· FFS whether to embedded spatial similarity (QCL-like relation for beams across RRHs) information by ordering the SSB index (to RRH mapping) signaled in RRC solution



[Moderator] Options 3 and 4 had already been discussed but which is selected as a  final solution was not specified in Rel-17. R4-2219254 considers the motivation/advantages of introducing option3 and option4 need to be clarified in Rel-18 first. Based on the FFS points, the issue is divided into the following three aspects.
1、 Explicit NW signalling assistance
· Proposals:
· Option 1 (OPPO): Option 4. 
· Option 2 (Huawei): Clarify the improvement or the performance gain compared with existing R17 solution.

2、 Details on network signalling
· Whether consider both RRC and MAC-CE based solutions to inform UE of the TCI state switch is across RRH:
· Option 1 (OPPO, Qualcomm): MAC-CE based solutions is OK.
· Whether to embedded spatial similarity (QCL-like relation for beams across RRHs) information by ordering the SSB index (to RRH mapping) signaled in RRC solution:
· Option 1 (OPPO, Ericsson, Qualcomm): Yes, for RRC based solution.

Issue 1-2-2: 3 UL transmit timing adjustment at UL beam switch
· Proposals:
· Option 1 (Nokia): 
· RAN4 to consider requirements on UL transmit timing adjustment at UL spatial relation switch
· [bookmark: _Toc118574645]PC6 UE, capable of simultaneous multi-panel reception, can support UL transmit timing to two RRHs, e.g., by possessing two UL TA loops.

Issue 1-2-3: Analysis on the impact of large propagation delay jump 
· Proposals
· Option 1 (Ericsson): No need to introduce timeAlignemntTimer in UL timing adjustment.
· Option 2 (Huawei): No obvious impact on TA adjustment and timeAlignmentTimer
· Option 3 (Nokia): RAN4 to discuss potential impacts of large jump in propagation delay on UE MAC timeAlignmentTimer behaviour and, if found to be needed, inform RAN2 about those in a LS

Topic #2: RRM Core Requirement Impact
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2218575
	Xiaomi
	Observation 1: RAN4 needs to decide whether the train roof-mounted high-power devices (FR2 HST UE) support the beam failure recovery on SCell.
Proposal 1: RAN4 not to define PSS/SSS detection and SSB index detection requirement for intra-band CA scenario in FR2 HST. 
Proposal 2: RAN4 not to define requirements of deactivated SCell for intra-band CA scenario in FR2 HST. 
Proposal 3: RAN4 not to define SCell activation/deactivation delay requirements for intra-band CA scenario in FR2 HST.
Proposal 4: For active SCell measurement requirement, the enhanced requirement defined in R17 FR2 HST can be reused in Rel-18 FR2 HST.
Proposal 5: The enhanced BFD requirement defined in Rel-17 FR2 HST can be reused in Rel-18 FR2 HST if the FR2 HST UE supports the beam failure recovery on SCell.


	R4-2219072
	Ericsson
	Proposal 1: RAN4 shall study SCell action delay with 3ms Tactivation_time associated with possible conditions in HST FR2 scenario.
Proposal 2: RX sweep beam number for two active panel reception configuration shall be reduced compared to single active panel reception in Rel-17. It is applied not only for tunnel scenario.
Proposal 3: New signaling for Rel-18 FR2 HST CA Scenario.


	R4-2219073
	Ericsson
	Proposal 1:  bi-directional deployment and associated Scenario-A and/or Scenario-B shall be studied for multi-panel simultaneous reception. Uni-directional deployment should be precluded from Rel-18 FR2 HST simultaneous multi-panel operation. 
Proposal 2: PDCSH/PDCCH and L1 measurements shall support multi-panel simultaneous reception. L3 measurements shall be excluded in multi-panel simultaneous reception.
Proposal 3: If Ds =700m (Scenario A or B), MRTD shall be possible to exceed CP length. In that case, MRTD greater than CP length doesn’t affect L1 measurements or signaling characteristics with non-coherent joint transmission, but not include other transmission scheme.
Proposal 4: Only NC JT scheme in HST FR2 Enhanced deployments, besides of that, other schemes cannot bring benefits to network performance significantly.  
Proposal 5: keep current uplink spatial relation switch delay requirement

	R4-2219288
	Samsung
	Observation 1: RAN4 to consider CPE to be equipped with two panels pointed forward and backward along the track.
Propose 1: The definition of panel would follow RF conclusion and the discussion on it can be precluded in HST FR2
Propose 2: For roof-mounted UE supporting multi-panel simultaneous DL reception is capable of multi-RX chains.
Propose 3: For roof-mounted UE supporting multi-panel simultaneous reception, the following UE architecture is necessary:
Multiple antenna panel/RX chain+ BF+AGC + RF front-end (time and frequency sync) +FFT+ additional RRM/Demod
Propose 4: There is no need to discuss inter-cell mTRP, both sDCI and mDCI need to be considered in FR2 HST multi-panel simultaneous reception.
Proposal 5: For Rel-18 FR2 PC6, UE can be configured with multiple carriers even with multi-RX chains supported, but multi-Rx chain is enabled on only one of the component carriers.
Proposal 6: For Rel-18 PC6 UE supporting simultaneous multi-panel operation, MRTD of signals received from two panels can be extended to the value higher than CP length.
Proposal 7: The necessity of enhancement in uplink relation switch delay requirement is not in the scope of the WI.


	R4-2219403
	Huawei, HiSilicon
	Proposal 1: Rel-18 FR2 PC6 CA UE can be configured with multi-RX chains where only one CC has multiple-RX chains.
Proposal 2: Simultaneous multi-panel operation is not supposed to be applied for L3 RRM measurements.
Proposal 3: In FR2 HST to support simultaneous multi-panel operation, to introduce UE capability of supporting RTD>CP if needed.


	R4-2219404
	Huawei, HiSilicon
	Proposal 1: PSS/SSS detection requirements on SCC may not need to be specified in intra-band CA FR2 HST scenario.
Proposal 2: The measurement period for intra-frequency measurement without and with gap specified in R17 FR2 HST can be reused to the measurement period for activated SCell in R18 FR2 HST at least for open deployment scenarios.
Proposal 3: SCell may not be deactivated in FR2 HST scenario, and measurement requirements of deactivated SCell and SCell activation/deactivation delay are not to be specified accordingly.
Proposal 4: The time period of time index on SCell may not need to be specified for intra-band CA FR2 scenario.
Proposal 5: Inter-frequency measurements in both connected mode and idle mode are to be considered.

	R4-2219715
	Nokia, Nokia Shanghai Bell
	Observation 1: The benefits of simultaneous multi-panel reception are more obvious in bi-directional deployments than in uni-directional ones. Also, uni-directional Scenario-A can hardly be used for simultaneous reception of multiple beams, whereas uni-directional Scenario-B can be checked further, if it is found to be necessary or such reception can be considered as simultaneous multi-panel reception.
Proposal 1: RAN4 to consider bi-directional deployment both in Scenario-A and Scenario-B as the primary scenario for simultaneous multi-panel operation.
Proposal 2: RAN4 to discuss whether simultaneous reception of two beams on one UE panel (i.e., on one side of the CPE) can be considered as simultaneous multi-panel reception or not.
Observation 2: Rel-18 NR FR2 multi-RX chain DL reception cannot devote enough attention to the HST FR2 scenarios. Simultaneous multi-panel operation in HST FR2 deployments is based on the reception of signals from non-collocated RRHs with propagation delay difference far beyond the CP length. Current MRTD requirements are defined only for NR CA scenarios.
Proposal 3: Wait for the conclusions of the MRTD discussion in Rel-18 multi-RX WI. Support MRTD above CP if a new requirement for simultaneous reception on the same carrier is introduced.
Proposal 4: RAN4 to assume that PC6 UE capable of simultaneous multi-panel reception has at least two Rx chains.
Observation 3: In Rel-17 HST FR2 it was assumed that there are UE types capable of time/frequency tracking of only one DL TCI state. Due to large difference in propagation from non-collocated RRHs simultaneously serving the UE in DL, such assumption cannot be true anymore in Rel-18.
Proposal 5: RAN4 to assume that Rel-18 HST FR2 PC6 UE capable of simultaneous multi-panel reception supports fine time/frequency tracking for at least two DL TCI states.
Observation 4: Following the results of system-level simulations L3 measurements can improve mobility robustness in HST FR2 deployments, e.g., the DRX above 80 might be supported and bi-directional Scenario-A becomes more feasible.
Proposal 6: RAN4 to discuss the possibility of simultaneous measurements with two panels of PC6 UE and further enhancements of corresponding RRM requirements.

	R4-2219716
	Nokia, Nokia Shanghai Bell
	Observation 1: Further enhanced scaling factors can improve the reliability of mobility performances in uni-directional Scenario A and B with long DRX settings compared to Rel-17 enhanced scaling factors, i.e., mobility failure is below 10% in worst case (opposite direction in unidirectional Scenario A deployment with 160ms DRX) while being near zero percentages with most of the scenarios.
Observation 2: Simultaneous L3 measurement in bi-directional Scenario A and B deployments is beneficial when further enhanced scaling factors are configured, as 80ms DRX become reliable while 160ms DRX might usable as well.
Observation 3: Gains in mobility performance with simultaneous two-panel measurement and reception can be expected in HST FR2 deployments.


	R4-2219717
	Nokia, Nokia Shanghai Bell
	Observation 1: Single Carrier and consequently CA RRM requirement might be impacted by the new Rel-18 features (e.g., support of simultaneous multi-panel reception) or deployments (e.g., tunnel deployments). The discussions of these new Rel-18 aspects are not mature enough.
Proposal 1: RAN4, firstly, to specify CA RRM requirements in HST FR2 scenarios only for open space deployment and for PC6 UEs capable of single-panel reception, i.e., by specifying CA capability based on Rel-17 PC6 UEs.
Proposal 2: HST FR2 CA enhancements in Rel-18 can be applied in a cell only if highSpeedMeasFlagFR2-r17 and highSpeedDeploymentTypeFR2-r17 flags are configured and for PC6 UEs.
Proposal 3: Firstly, consider CA requirements only for highSpeedMeasFlagFR2-r17 equal set 1 or set 2.
Observation 2: NW signalling introduced for CA in HST Rel-17 is dependent on the HST FR1 assumptions, e.g., it is based on the maximum speed of 500 km/h.
Proposal 4: RAN4 to consider introducing new Rel-18 NW signalling flag for the indication of HST FR2 deployment with CA.
Proposal 5: RAN4 to consider introducing a new Rel-18 PC6 UE capability indicating the support of CA in HST FR2 scenario.
Proposal 6: RAN4 to define Rel-18 PC6 UE capability to support CA in HST FR2 scenario as optional.
Observation 3: The main use case of CA in HST FR2 is the extension of BW. Due to intra-band CA, the coverage, measurements and mobility behaviour of aggregated CCs should be very similar.
Proposal 7: RAN4 to discuss what is the minimal set of UE functionalities need for the support of CA in HST FR2 scenario and defined requirements only for those.
Proposal 8: RAN4 not to consider deactivated SCells for CA in HST FR2 context.



The moderator can suggest a limited number of papers which could be presented.
Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions..
Sub-topic 2-1 RRM impact by multi-panel simultaneous reception
[Moderator] As described as one of the objectives of Rel-18 enhanced NR support for FR2 HST, it is expected to specify the requirement for simultaneous multi-panel operation for train roof-mounted FR2 high power devices, which is highlighted as follows:
	· Specify the requirement for simultaneous multi-panel operation for train roof-mounted FR2 high power devices [RAN4]:
· Maximum 2 active panels supporting the multi-panel simultaneous reception. 
· NOTE: Focus on FR2 HST specific requirements, and avoid the overlap with the scope of FR2 multi-Rx DL reception


The sub-topic is discussed below by breaking down into 5 issues:
· Issue 2-1-1: Deployment scenario for FR2 HST multi-panel simultaneous reception
· Issue 2-1-2: RF chains for FR2 HST multi-panel simultaneous reception
· Issue 2-1-3:Potential gains in mobility performance provided by multi-panel operations in FR2 HST through the SLS
· Issue 2-1-4: Transmission Scheme for FR2 HST multi-panel simultaneous reception
· Issue 2-1-5: UL and DL TCI switching for FR2 HST multi-panel simultaneous reception
Multiple companies provided their views on the four issues, so they are discussed as follows respectively.

Issue 2-1-1: Deployment scenario for FR2 HST multi-panel simultaneous reception
[Background] In general, the possible open-space scenarios:
· Uni-directional deployments: Scenario-A; Scenario-B
· Bi-directional deployment: Scenario-A; Scenario-B

1、 Bi-directional deployment 
· Proposals 
· Option 1 (Ericsson, Nokia): 
· RAN4 to consider bi-directional deployment both in Scenario-A and Scenario-B as the primary scenario for simultaneous multi-panel operation
2、 Uni-directional deployment
· Proposals 
· Option 1 (Ericsson): 
· Uni-directional deployment should be precluded from Rel-18 FR2 HST simultaneous multi-panel operation. 
· Option 2 (Nokia): 
· RAN4 to discuss whether simultaneous reception of two beams on one UE panel (i.e., on one side of the CPE) can be considered as simultaneous multi-panel reception or not. 
3、 Potential gains in mobility performance provided by multi-panel operations in FR2 HST through the SLS
· Observations from Nokia, Nokia Shanghai Bell simulation results
· Observation 1: Further enhanced scaling factors can improve the reliability of mobility performances in uni-directional Scenario A and B with long DRX settings compared to Rel-17 enhanced scaling factors, i.e., mobility failure is below 10% in worst case (opposite direction in unidirectional Scenario A deployment with 160ms DRX) while being near zero percentages with most of the scenarios.
· Observation 2: Simultaneous L3 measurement in bi-directional Scenario A and B deployments is beneficial when further enhanced scaling factors are configured, as 80ms DRX become reliable while 160ms DRX might usable as well.
· Observation 3: Gains in mobility performance with simultaneous two-panel measurement and reception can be expected in HST FR2 deployments.

Issue 2-1-2: RF chains for FR2 HST multi-panel simultaneous reception
[Moderator] Three main aspects including definition, HST FR2 specific issues, and whether Rel-18 FR2 PC6 UE can be configured with multiple carriers even with multi-RX chains enabled have been discussed in the issue. To minimize the overlap between the NR_FR2_multiRX_DL WI and this WI, companies provide their proposals and options in HST FR2 specific issues. 
1、 Definition of simultaneous multi-panel operation in HST FR2
· Option 1 (Samsung): 
· The definition of panel would follow RF conclusion and the discussion on it can be precluded in HST FR2
2、 HST FR2 specific issues in simultaneous multi-panel operation compared with Rel-18 NR FR2 multi-Rx chain DL reception WI
· Proposals on Measurements
· Option 1 (Ericsson, Huawei): L3 measurements shall be excluded in multi-panel simultaneous reception. 
· Option 2 (Ericsson): PDCSH/PDCCH and L1 measurements shall support multi-panel simultaneous reception.
· Option 3(Nokia): RAN4 to discuss the possibility of simultaneous measurements with two panels of PC6 UE and further enhancements of corresponding RRM requirements
· Proposals on UE capability
· Option 1 (Samsung, Nokia): For roof-mounted UE supporting multi-panel simultaneous DL reception is capable of multi-RX chains. 
· Option 2 (Nokia): RAN4 to assume that Rel-18 HST FR2 PC6 UE capable of simultaneous multi-panel reception supports fine time/frequency tracking for at least two DL TCI states. 
· Proposals on scenarios
· Option 1 (Samsung): There is no need to discuss inter-cell mTRP, both sDCI and mDCI need to be considered in FR2 HST multi-panel simultaneous reception
· Proposals on UE architecture
· Option 1 (Samsung): 
· For roof-mounted UE supporting multi-panel simultaneous reception, the following UE architecture is necessary:
· Multiple antenna panel/RX chain+ BF+AGC + RF front-end (time and frequency sync) +FFT+ additional RRM/Demod.
3、 Whether Rel-18 FR2 PC6 UE can be configured with multiple carriers even with multi-RX chains enabled
· Proposals
· Option 1 (Samsung, Huawei): Yes
· But multi-Rx chain is enabled on only one of the component carriers

Issue 2-1-3: MRTD for FR2 HST multi-panel simultaneous reception
· Proposals
· [bookmark: _Hlk118469635]Option 1: Follow agreements in Rel-18 NR FR2 multi-Rx chain DL reception WI
· Option 2 (Ericsson, Samsung, Huawei, Nokia): For Rel-18 PC6 UE supporting simultaneous multi-panel operation, MRTD of signals received from two panels can be extended to the value higher than CP length
· Option 2-1 (Ericsson): If Ds =700m (Scenario A or B), MRTD shall be possible to exceed CP length.
· In that case, MRTD greater than CP length doesn’t affect L1 measurements or signaling characteristics with non-coherent joint transmission, but not include other transmission scheme.
· Option 3(Nokia): Wait for the conclusions of the discussion in Rel-18 multi-RX WI

Issue 2-1-4: Transmission Scheme for FR2 HST multi-panel simultaneous reception
· Proposals
· Option 1 (Ericsson): Only NC JT scheme

Issue 2-1-5: UL and DL TCI switching for FR2 HST multi-panel simultaneous reception
· Proposals
· Option 1 (Ericsson): keep current uplink spatial relation switch delay requirement
· Option 2 (Samsung): The necessity of enhancement in uplink relation switch delay requirement is not in the scope of the WI
· Option 3 (Huawei): As the uplink spatial relation switching delay requirements are based on that of TCI state switching, further enhancement is not clear

Sub-topic 2-2 RRM impact by CA
Sub-topic description:
[Moderator]As described as one of the objectives of Rel-18 enhanced NR support for FR2 HST, it is expected to specify the RRM requirement for intra-band CA scenario, which is highlighted as follows:
	· Specify the RF requirements for intra-band carrier aggregation (CA) scenario, and investigate and specify the RRM requirements for intra-band carrier aggregation (CA) scenario [RAN4]



This e-mail discussion encompasses RRM requirements needed for the introduction of intra-band CA. The sub-topic is discussed below by breaking down into 3 issues:
· Issue 2-2-1: Impacted RRM requirement for CA
· Issue 2-2-2: Measurement enhancement for CA
· Issue 2-2-3: Network signaling for Rel-18 FR2 HST CA Scenario
Multiple companies provided their views on the four issues, so they are discussed as follows respectively.

Open issues and candidate options before f2f meeting:
Issue 2-2-1: Impacted RRM requirement for CA
[Moderator] In RAN4#104bis-e meeting, RAN4 discussed on UL timing adjustment solution and the followings were captured in WF[R4-2217255]:
	Way forward:
Open issue needs further discussion:
· For Rel-18 FR2 PC6, by introducing CA operation, RRM impacts are expected for:
· Measurement period for Inter-frequency measurement
· L1-RSRP measurement requirements
· FFS whether the follow requirements shall be considered:
· PSS/SSS detection, Time index detection for Intra-frequency and inter-frequency measurements
· IDLE mode in inter-frequency measurement requirements
· Beam failure recovery on SCell
· TCI state switch in SCell.
· SCell activation and deactivation delay
· FFS whether deactivated SCell and corresponding requirements shall be considered.



R4-2219717 considers that the discussions of new features and deployments introduced in Rel-18 HST FR2might impact the baseline RRM requirements, while they are not mature enough. Whether basic CA requirements should be further enhanced can be discussed and decided after more clarification is achieved.
1、 Proposals on expected RRM impacts by introducing CA operation
· [bookmark: _Toc118750016]Option 1 (Nokia): 
· RAN4, firstly, to specify CA RRM requirements in HST FR2 scenarios only for open space deployment and for PC6 UEs capable of single-panel reception, i.e., by specifying CA capability based on Rel-17 PC6 UEs.
· RAN4 to discuss what is the minimal set of UE functionalities need for the support of CA in HST FR2 scenario and defined requirements only for those.
2、 Proposals on whether the following requirements shall be considered
· PSS/SSS detection, Time index detection for Intra-frequency and inter-frequency measurements
· Option 1 (Xiaomi, Huawei): No need
· Option 1-1 (Huawei):
· PSS/SSS detection requirements on SCC may not need to be specified
· The time period of time index on SCell may not need to be specified
· IDLE mode in inter-frequency measurement requirements
· Option 1 (Huawei): To be considered
· Beam failure recovery on SCell
· Option 1 (Xiaomi): Reuse the Rel-17 FR2 HST BFD requirement 
· TCI state switch in SCell.
· SCell activation and deactivation delay
· SCell activation/deactivation delay requirements
· Option 1 (Xiaomi, Huawei): Not to define 
· Option 2 (Ericsson): RAN4 shall study SCell action delay with 3ms Tactivation_time associated with possible conditions in HST FR2 scenario
· Active SCell measurement requirement (measurement period)
· Option 1 (Xiaomi, Huawei): The requirement defined in R17 FR2 HST can be reused  
· Option 1-1 (Huawei): The measurement period for intra-frequency measurement without and with gap specified in R17 FR2 HST can be reused to the measurement period for activated SCell in R18 FR2 HST at least for open deployment scenarios
3、 Whether deactivated SCell and corresponding requirements shall be considered
· Proposal:
· Option 1 (Xiaomi, Huawei, Nokia): Not to consider

Issue 2-2-2: Measurement enhancement for CA
Whether enhancement on CA also need to consider tunnel deployment scenario and multi-RX capabilities
RX beam scaling factor for tunnel scenario
· Option 1 (Ericsson, Nokia): Shall be enhanced.

Issue 2-2-3: Network signaling for Rel-18 FR2 HST CA Scenario
· Proposals on HST signaling for CA enhancement
· Option 1 (Nokia): Reuse PCell signaling (i.e., Rel-17 HST FR2 flag with CA configuration from NW) partially
· Option 1-1(Nokia):
· HST FR2 CA enhancements in Rel-18 can be applied in a cell only if highSpeedMeasFlagFR2-r17 and highSpeedDeploymentTypeFR2-r17 flags are configured and for PC6 UEs
· Firstly, consider CA requirements only for highSpeedMeasFlagFR2-r17 equal set 1 or set 2
· Option 2 (Ericsson, Nokia): New signalling
· Option 2-1(Nokia):
· Proposal 4: RAN4 to consider introducing new Rel-18 NW signalling flag for the indication of HST FR2 deployment with CA
· [bookmark: _Toc118750021]RAN4 to consider introducing a new Rel-18 PC6 UE capability indicating the support of CA in HST FR2 scenario.
· RAN4 to define Rel-18 PC6 UE capability to support CA in HST FR2 scenario as optional



