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Introduction
Briefly introduce background, the scope of this email discussion (e.g. list of treated agenda items) and provide some guidelines for email discussion if necessary.
This summary provides the overview and describes the open issues based on the TDoc submitted to RAN4#106 meeting into the AI 9.12.4 Study on reference tunnel deployment scenario.
The study of tunnel deployment and related RAN4 requirements is listed as one of the objectives of NR_HST_FR2_enh WI [WID, RP-220985]:
	Study on reference tunnel deployment scenario for FR2 HST and specify the channel model and corresponding core requirements if any [RAN4]



The topic has been already discussed for the two RAN4 meetings, and the following agreements were achieved:
· R4-2217254, WF on tunnel deployment and UL timing adjustment for FR2 HST enhancement, Samsung, RAN4#104-bis-e
	1. Way Forward on Tunnel Deployment for FR2 HST
1.1 General assumption for tunnel deployment
[bookmark: _Hlk116691094]Agreement: 
· On the assumption for train-roof-mounted CPE: 
· For the feasibility study of tunnel scenarios, the assumed parameters for train-roof-mounted CPE UE in Rel-17 WI can be reused:
· DUE_height: 5m
· UE panel: N=4, M=4 with 2 polarizations
· On the assumption on SCS: 
· Only consider 120 kHz SCS for HST FR2 evaluations and requirements definition.

1.5 Expectation from tunnel deployment scenario study
Agreement: 
· Based on the study on tunnel scenario, at least the following targets can be expected: 
· FR2 HST tunnel scenario channel model
· FFS the necessity of new channel model FR2 HST tunnel scenario
· Typical FR2 HST deployment scenario for tunnel scenario
· FFS the feasible parameters for FR2 HST deployment for tunnel scenario
· Identified the requirements that might be impacted by the tunnel scenario, if any.



· R4-2220396, WF on NR FR2 HST Tunnel deployment and UL timing adjustment, Nokia, Nokia, Shanghai Bell, RAN4#105, Toulouse.
	1. Tunnel deployment
1.1 General assumption for tunnel deployment
Agreement:
· For tunnel deployment scenario
· Scenario #1: single-panel reception UE and DPS transmission scheme 
· FFS whether to consider additional scenarios 

1.2 Key parameters for tunnel deployment
Agreement:
Consider the key parameters below as baseline assumption for tunnel deployment feasibility study:
· Ds: the distance separation between two neighboring RRH sites:
· Ds = 700m 
· Dmin: the minimum distance between RRH site and train track:
· Dmin = 1m
· DRRH_height: determined/limited by tunnel height and RRH deployment method:
· Priority scenario: DRRH_height = 5.3m, for single track tunnel (Option 1 for tunnel dimension in R4-2217254)
· DRRH_height is in the range of [5.3m, 7.4m] for two-track tunnel (Option 2 for tunnel dimension in R4-2217254)

· gNB RRH and antenna panel element assumption:
· from 1 to 4 RRHs per BBU



In addition to that, the following issues were discussed in the previous meetings and are listed in the WFs:
· Reference channel model for tunnel scenario
· Mobility issue for tunnel scenario

Topic #1: Tunnel Deployment for FR2 HST
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300497
	Intel Corporation
	Proposal 1: Define scenario for two-panel simultaneous reception for FR2 HST UE in tunnel deployment.
Proposal 2: Discuss multi-TRP transmission scheme(s), among multi- and single-DCI based SDM Tx scheme and SFN, for two-panel simultaneous reception for FR2 HST UE.
Proposal 3: Reuse the channel model from Scenario-A, i.e., LOS propagation, for performance requirements studies of FR2 HST in tunnel deployment.
Proposal 4: Define the beam allocation regions and the respective transmission scheme for performance requirements study of FR2 HST UE in tunnel deployment.

	R4-2301351
	Nokia, Nokia Shanghai Bell
	Observation 1: In some scenario the connection failure may occur at the tunnel entrance or exit of the tunnel if the open-space and tunnel deployments are mismatched, i.e., not provide proper coverage for the area between open-space and tunnel cells.
Observation 2: In uni-directional deployments, connection between open-space RRHs and the UE when UE is at the entrance or exit of the tunnel deployment may not be reliable since signal from open-space RRHs could be degraded or blocked due to the tunnel outer surfaces.
Observation 3: The coverage issue at the entrance and exit of the tunnel could be resolved if bi-directional deployment is used inside the tunnel.
Observation 4: Bi-directional deployment in tunnel causes additional issues, i.e., mobility failure under tunnel-RRHs when the UE connects to the opposite beams and/or frequent beam switches due to bad coverage under the RRHs. However, these problems could be resolved by considering the UE’s multi-Rx reception capability.
Proposal 1: RAN4 to clarify assumption on open space deployment scenarios in conjunction with the tunnel deployments.: 
Proposal 2: RAN4 to consider a solution for the coverage issue at the entrance/exit of the tunnel in uni-directional deployment when train is entering or leaving the tunnel. 
Proposal 3: RAN4 to additionally consider bi-directional deployment with multi-Rx schemes inside the tunnel. 
Observation 5: Options 2 (Use LoS UMi channel model) and 3 (Use multi-path fading model) for reference channel model for tunnel scenario should be kept as viable FFS.
Observation 6: The impact of NLoS propagation under the RRH on the mobility performance, if exists, are expected to be minor.
[bookmark: _Hlk127880401]Observation 7: Option 1 (L3 handover and L1 beam mobility configurations) for mobility issue in tunnel deployment may not be feasible.
Observation 8: The use of CHO is beneficial when HST FR2 CPE is moving in the opposite direction to the serving beam. However, special parameters can be used only in very limited area next to the RRH. 
Proposal 4: RAN4 to consider enabling CHO with special settings in the area next to RRH to avoided RLFs due to fast signal drop at the edge of beam coverage.

	R4-2301352
	Nokia, Nokia Shanghai Bell
	Observation 1: Lower DRRH_height in the updated results makes the source-RRH RSPR drop even sharper when the train is approaching the RRH in “Opposite” direction.
Observation 2: The newly agreed key deployment parameters do not substantially change observations on mobility performance in tunnel deployment made before in R4-2219713, that are:
· Mobility robustness is low in all scenarios even without DRX when train is moving to opposite direction than RRH beams are pointing to.
· DPS scenario has better mobility performance with lower outage compared to scenario which is based on only handovers.
Observation 3: NLoS condition under RRHs can be studied with simulations by adjusting the LoS probability parameter in TR38.901 such that  if distance between the CPE and RRH below a threshold. Nevertheless, there is still a need for more accurate path loss and multi-path fading models in tunnel scenario if one wants to reliably evaluate by simulations the impact of NLoS condition under RRHs to the mobility performance.

	R4-2302022
	Ericsson
	Proposal 1: Support Option 1: LoS propagation assumption in the tunnel deployment. We are also open to Option 3 to study the number and amplitude of multi-path components in addition to LOS.
[bookmark: _Hlk127889091]Proposal 2: As per mobility issue when the train is travelling opposite to the serving beam orientation , support Option 1 and Option 2 as baseline, also Option 3 shall be supported as advanced capability to mitigate the issue. 

	R4-2302152
	Samsung
	Observation 1: Similar pathloss trends are observed for FR2 HST tunnel and urban open space scenarios, because of mmWave panel rather than leaky cable used for FR2 deployment. 
Observation 2: By assuming omni-directional antenna for ray-tracing based channel fading evaluation, 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 angular spread for tunnel scenario is comparable and even more concentrated than urban open space scenario. 
Proposal 1: The Rel-17 introduced FR2 HST channel model in TS38.101-4 and TS38.104 can be reused for FR2 HST tunnel deployment scenario.
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 and NW is allowed to configure a more optimized condition to trigger the handover or beam switching. 
Proposal 2: The Rel-18 FR2 HST enhancement, no need to introduce new mechanism for mobility issue when the train is travelling opposite to the serving beam orientation.

	R4-2302202
	Huawei, HiSilicon
	Proposal 1: Do not consider SFN scheme or other multi-TRP schemes for tunnel deployment scenario.

	R4-2302639
	Qualcomm Incorporated
	Observation 1: Because of the highly directional beam and very short separation between the RRH and the train roof, LoS path can be safely assumed for the tunnel scenario.
Observation 2: CPEs within a short distance from the RRH (e.g., 50m) could be served by the previous RRH.
Proposal 1: Re-use channel model from Scenario-A as LoS propagation assumption is valid in the tunnel deployment with pathloss model, fading model and link budget the same as Scenario-A (LoS).
[bookmark: _Hlk127880053]Proposal 2: RAN4 to not consider NLOS and multi-path fading conditions next to the RRH because in a unidirectional deployment as UEs very close to the RRH are typically served by the next RRH.
[bookmark: _Hlk127889189]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 mounted UE/CPE travels in the direction opposite to the RRM beam.



Open issues summary
Before 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 scenarios
Sub-topic description:
At the previous meetings it was agreed that to consider for the tunnel deployments
· Scenario #1: single-panel reception UE and DPS transmission scheme 
Some of the companies see that there is a need to study other scenarios as well because the support of simultaneous multi-panel reception is essential for Rel-18 WI.

Open issues and candidate options before meeting:
Issue 1-1-1: Additional scenarios for tunnel deployment
· Proposals and Observations:
· Proposal 1 (Intel): Define scenario for two-panel simultaneous reception for FR2 HST UE in tunnel deployment.
· Observation 1 (Nokia): Bi-directional deployment in tunnel causes additional issues, i.e., mobility failure under tunnel-RRHs when the UE connects to the opposite beams and/or frequent beam switches due to bad coverage under the RRHs. However, these problems could be resolved by considering the UE’s multi-Rx reception capability.
· Proposal 2 (Nokia): RAN4 to additionally consider bi-directional deployment with multi-Rx schemes inside the tunnel.
· Proposal 3 (Huawei): Do not consider SFN scheme or other multi-TRP schemes for tunnel deployment scenario.
· Candidate options:
· Option [Intel]: Define scenario for two-panel simultaneous reception.
· Option 1a [Nokia]: Define bi-directional scenario for two-panel simultaneous reception.
· Option 2 [Huawei]: Do not consider multi-TRP schemes for tunnel scenario.
· Recommended WF:
· Discuss candidate options further during the meeting.

Issue 1-1-2: Transmission scheme for two-panel simultaneous reception
· Proposals:
· Proposal 1 (Intel): Discuss multi-TRP transmission scheme(s), among multi- and single-DCI based SDM Tx scheme and SFN, for two-panel simultaneous reception for FR2 HST UE.
· Proposal 2(Huawei): Do not consider SFN scheme or other multi-TRP schemes for tunnel deployment scenario.
· Candidate options:
· Option 1: Single-DCI SDM
· Option2: Multi-DCI SDM
· Option 3: SFN
· Option 4: Do not consider SFN or other multi-TRP schemes
· Recommended WF:
· Discuss what multi-TRP transition schemes for simultaneous two-pane reception can be supported
· Take into account the schemes that can be supported for two-pane simultaneous reception in open space.

Issue 1-1-3: Deployment assumptions at exit/entrance of the tunnel
· Proposals and Observations:
· Observation 1 (Nokia): In some scenario the connection failure may occur at the tunnel entrance or exit of the tunnel if the open-space and tunnel deployments are mismatched, i.e., not provide proper coverage for the area between open-space and tunnel cells.
· Observation 2 (Nokia): In uni-directional deployments, connection between open-space RRHs and the UE when UE is at the entrance or exit of the tunnel deployment may not be reliable since signal from open-space RRHs could be degraded or blocked due to the tunnel outer surfaces.
· Observation 3 (Nokia): The coverage issue at the entrance and exit of the tunnel could be resolved if bi-directional deployment is used inside the tunnel.
· Proposal 1 (Nokia): RAN4 to clarify assumption on open space deployment scenarios in conjunction with the tunnel deployments.
· Proposal 2 (Nokia): RAN4 to consider a solution for the coverage issue at the entrance/exit of the tunnel in uni-directional deployment when train is entering or leaving the tunnel.
· Recommended WF:
· Companies are encouraged to discuss
· what should be the assumptions for the open-space deployment outside of the tunnel
· what are the assumptions on RRH position and orientation at entrance/exit of the tunnel.


Sub-topic 1-2: Reference channel model
Sub-topic description:
At RAN4#105 the following options for the channel model in the tunnel were considered [WF, R4-2220396]:
	1.3 Reference channel model for tunnel scenario
Way forward:
Further analyse the channel model for tunnel scenario:
· Option 1: Re-use channel model from Scenario-A as LoS propagation assumption is valid in the tunnel deployment with pathloss model, fading model and link budget the same as Scenario-A (LoS)
· [bookmark: _Hlk127911566]Option 2: Use LoS UMi street canyon channel mode for the RRM evaluations of HST FR2 tunnel deployment
· Option 3: Use multi-path fading model (e.g., with up to 2nd order multi-path components)
· Take int account measurement and ray-tracing analysis. 
· Option 4: Consider NLOS propagation condition when UE is around the RRH within 50m range for two directions.
· Other options are not precluded



Following TS 38.854, TS38.901 RMa LoS pathloss model was for link budget evolution of HST FR2 scenarios in Rel-17.

· Proposals and Observations at RAN4#106:
· Proposal 1 (Intel): Reuse the channel model from Scenario-A, i.e., LOS propagation, for performance requirements studies of FR2 HST in tunnel deployment.
· Observation 1 (Nokia): Options 2 (Use LoS UMi channel model) and 3 (Use multi-path fading model) for reference channel model for tunnel scenario should be kept as viable FFS.
· Observation 2 (Nokia): NLoS condition under RRHs can be studied with simulations by adjusting the LoS probability parameter in TR38.901 when distance between the CPE and RRH is below a threshold. Nevertheless, there is still a need for more accurate path loss and multi-path fading models in tunnel scenario if one wants to reliably evaluate by simulations the impact of NLoS condition under RRHs to the mobility performance.
· Observation 3: The impact of NLoS propagation under the RRH on the mobility performance, if exists, are expected to be minor.
· Proposal 2 (Ericsson): Support Option 1: LoS propagation assumption in the tunnel deployment. We are also open to Option 3 to study the number and amplitude of multi-path components in addition to LOS.
· Observation 4 (Samsung): Similar pathloss trends are observed for FR2 HST tunnel and urban open space scenarios, because of mmWave panel rather than leaky cable used for FR2 deployment. 
· Observation 5 (Samsung): By assuming omni-directional antenna for ray-tracing based channel fading evaluation, 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 6 (Samsung): The angular spread for tunnel scenario is comparable and even more concentrated than urban open space scenario. 
· Proposal 3 (Samsung): The Rel-17 introduced FR2 HST channel model in TS38.101-4 and TS38.104 can be reused for FR2 HST tunnel deployment scenario.
· Observation 7 (Qualcomm): Because of the highly directional beam and very short separation between the RRH and the train roof, LoS path can be safely assumed for the tunnel scenario.
· Observation 8 (Qualcomm): CPEs within a short distance from the RRH (e.g., 50m) could be served by the previous RRH.
· Proposal 4 (Qualcomm): Re-use channel model from Scenario-A as LoS propagation assumption is valid in the tunnel deployment with pathloss model, fading model and link budget the same as Scenario-A (LoS).
· Proposal 5 (Qualcomm): RAN4 to not consider NLOS and multi-path fading conditions next to the RRH because in a unidirectional deployment as UEs very close to the RRH are typically served by the next RRH.


Open issues and candidate options before meeting:
Issue 1-2-1: Propagation conditions for RRM/system level evaluation:
· Candidate options:
· Option 1 [Intel, Ericsson, Qualcomm]: Re-use channel model from Scenario-A, RMa LoS channel model
· Option 2 [Nokia]: Use LoS UMi street canyon channel model
· Option 3 [Nokia]: Study NLoS/multipath conditions under the RRH
· Recommended WF:
· Companies need to agree what reference model to use RMa vs Umi and what conditions to consider under the RRH.

Issue 1-2-2: Propagation conditions for performance evaluation:
· Candidate options:
· Option 1 [Intel, Qualcomm]: Only consider LoS conditions.
· Option 2 [Ericsson, Nokia]: Consider multi-path fading model (e.g., with up to 2nd order multi-path components).
· Option 3 [Samsung]: Reuse FR2 HST channel model in TS38.101-4 and TS38.104.
· Recommended WF:
· Further discuss the options at the meeting and agree on typical propagation conditions experienced by the HST FR2 CPE in the tunnel.

Sub-topic 1-2: Mobility Issues
Sub-topic description:
At the previous meeting one of the companies have identified a potential mobility issues in the tunnel deployments when the train is travelling in the direction opposite to the serving beam [WF, R4-2220396]:
	1.3 Mobility issue for tunnel scenario
Way forward:
Further discuss possible solutions to the mobility issue when the train is travelling opposite to the serving beam orientation:
· Option 1: L3 handover and L1 beam mobility configurations
· Option 2: Solutions that allow network to trigger early handover
· Option 3: Method in which UE initiates TCI state switch
· Other options are not precluded
FFS, the large and rapid RSRP degradation for tunnel scenario when multi-path fading and NLOS conditions next to RRH are considered.



Open issues and candidate options before meeting:
Issue 1-2: Mobility issue in the tunnel for opposite direction
· Proposals and Observations:
· Proposal 1 (Intel): Define the beam allocation regions and the respective transmission scheme for performance requirements study of FR2 HST UE in tunnel deployment.
· Observation 1 (Nokia): Option 1 (L3 handover and L1 beam mobility configurations) for mobility issue in tunnel deployment may not be feasible.
· Observation 2 (Nokia): The use of CHO is beneficial when HST FR2 CPE is moving in the opposite direction to the serving beam. However, special parameters can be used only in very limited area next to the RRH.
· Proposal 2 (Nokia): RAN4 to consider enabling CHO with special settings in the area next to RRH to avoided RLFs due to fast signal drop at the edge of beam coverage.
· Observation 3 (Nokia): Lower DRRH_height in the updated results makes the source-RRH RSPR drop even sharper when the train is approaching the RRH in “Opposite” direction.
· Observation 4 (Nokia): The newly agreed key deployment parameters do not substantially change observations on mobility performance in tunnel deployment made before in R4-2219713, that are:
· Mobility robustness is low in all scenarios even without DRX when train is moving to opposite direction than RRH beams are pointing to.
· DPS scenario has better mobility performance with lower outage compared to scenario which is based on only handovers.
· Proposal 3 (Ericsson): As per mobility issue when the train is travelling opposite to the serving beam orientation , support Option 1 and Option 2 as baseline, also Option 3 shall be supported as advanced capability to mitigate the issue.
· Observation 5 (Samsung): 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 and NW is allowed to configure a more optimized condition to trigger the handover or beam switching. 
· Proposal 4 (Samsung): The Rel-18 FR2 HST enhancement, no need to introduce new mechanism for mobility issue when the train is travelling opposite to the serving beam orientation.
· Observation 6 (Qualcomm): 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 5 (Qualcomm): RAN4 to discuss solutions that allow network to trigger early handover, if needed, when the train mounted UE/CPE travels in the direction opposite to the RRM beam.
· Candidate options:
· Option 1 [Samsung, Ericsson]: Optimize L3 handover and L1 beam mobility configurations, no enhancement is needed
· Option 2 [Ericsson, Nokia, Qualcomm]: Solutions that allow network to trigger early handover
· Option 2a [Nokia]: Enable CHO with special settings next to the RRH
· Option 3 [Ericsson]: Method in which UE initiates TCI state switch as advanced capability
· Option 4 [Intel]: Define the beam allocation regions and the respective transmission scheme
· Recommended WF:
· Continue discussion of the solutions proposed above.
