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[bookmark: _Toc116995841]Introduction
[bookmark: _Hlk131281055]HST FR2 tunnel deployment is one of the key scenarios to be studied in the NR_HST_FR2_Enh WI [1]:
	· [bookmark: _Hlk130998496]Study on reference tunnel deployment scenario for FR2 HST and specify the channel model and corresponding core requirements if any [RAN4]



The enhanced RRM requirements for HST FR2 in tunnel deployments have been discussed in several RAN4 meetings, and the recent RAN4#107 WF listed the following agreement and open issues [2].
	Sub-topic #2: Tunnel deployment
Issue 2-1: Solution to the mobility issue in the tunnel
Agreement:
· Consider bi-directional deployment with simultaneous multi-panel reception in the tunnel scenario to alleviate the mobility issues.

[bookmark: _Hlk142315769]Issue 2-2: Use of DRX in the tunnel deployment
Way forward:
· FFS, whether to restrict the use of DRX in tunnel deployment.

Issue 2-3: Indication of tunnel deployment
Way forward:
· FFS, whether indication of tunnel deployment is necessary.



In addition to two open issues that needs to be addressed in Issues 2-2 and 2-3, the agreed solution for mobility problem in the tunnel scenario (Issue 2-1) is also posing potential challenges. 
In this paper, we share our views on the following problems:
· potential mobility issue with simultaneous multi-panel reception in the tunnel scenario
· the use of DRX in the tunnel scenario
· if indication of tunnel deployment is needed.
[bookmark: _Toc116995842]Discussion
Mobility issue with simultaneous multi-panel reception in the tunnel
As agreed in RAN4#107, bi-directional deployment with simultaneous multi-panel reception is the priority option to alleviate the mobility issues in the tunnel scenario. The UE can be beneficial from having two DL simultaneously, i.e., if one DL is failed, the UE still has connection to the network through the other DL.
However, it should be remarked that multi panel reception in Rel-18 HST FR2 studies assumes the multi-DCI based multi TRP transmission. This means the PDCCH is transmitted from both RRHs, and PDSCH is scheduled on each link with a separate DCI, but there is only possible to have single UpLink (UL) transmission towards a single RRH, as illustrated in Figure 1.
[bookmark: _Toc142556298]Following multi-DCI multi TRP transmission assumption in HST FR2 studies, the PDCCH and PDSCH are transmitted from both RRHs, but there is only possible to have single UpLink (UL) transmission towards a single RRH.


[bookmark: _Ref134698707]Figure 1: Multi-panel reception in the tunnel scenario where PDCCH/PDSCH is transmitted from two RRHs but UL is transmitted towards RRH2
If the UL (PUCCH/PUSCH) is transmitted toward the RRH having the beam orientation opposite to the train travelling direction, e.g., UL is transmitted to RRH2 in Figure 1, the UL connection is likely lost when the train is approaching under the RRH due to the coverage issue which causes the mobility challenges in the tunnel. 
In this scenario, the UE shall execute a beam failure recovery (BFR) to the best candidate beam from another RRH (assuming RRH2 has only one beam in the tunnel scenario). However, the UL is already disrupted meaning that the network cannot receive the PUCCH and PUSCH (including all indications and measurement reports) from the UE. The UE may need to complete the BFR before initiating random access procedure to switch the UL to a new RRH (RRH1 or RRH4). As a result, the UL and DL on the panel connected to RRH2 is unusable during the recovery procedures run. Furthermore, if long DRX cycles are configured, the interrupted time due to BFR and then random access is likely much prolonged. In addition, since there is no UL for the measurement report, the DL received on the UE’s left panel (from RRH1) may not be switched to new better serving beam, e.g., when the train is passing RRH3.
[bookmark: _Toc142556299]In the multi-panel reception tunnel scenario, if the UL is transmitted toward the RRH having the beam orientation opposite to the train travelling direction, then likely the UL is disrupted when the train is approaching under that RRH.
[bookmark: _Toc142556300]RAN4 to study the UL interruption issue that may occur in multi-panel reception inside tunnel when the UL is transmitted toward the RRH having beam pointing opposite to the train traveling direction.
In such case, one can think to prevent such UL failure issue occurs. This can be done by ensuring that (a) the UL is switched to another RRH before the UL failure happens (i.e., train approaching under RRH2); or (b) the UL will not be configured for the link that is prone to mobility failure (i.e., RRH2).
[bookmark: _Toc142556301]The UL failure problem can be prevented by ensuring that either the UL is switched to another RRH before the UL failure happens; or the UL will be not configured for the link that is prone to mobility failure.
In the first approach (a), the UE can monitor, for example, possible degradation of channel quality or other conditions of the propagation channels as the indication for the potential link failure on the RRH2. Then UE will indicate the network the need of UL switching, based on which the network can coordinate the UL switching procedure between RRHs. To minimize the switching time delay and required signaling, it is best to do inter-RRH UL switching from the problem RRH (RRH2) to the other connected RRH (RRH1), because the link from the UE to RRH1 is still reliable enough in this case and already known by the UE and network as it is being used for the other DL. This allows more dynamic DCI signaling to be used, e.g., for just to acknowledge the UL change from RRH2 to RRH1.
In the second approach (b), the network can monitor the UE conditions which possibly leads to the radio link failure (e.g., directions, speed, DRX configurations, etc). Based on that, the network can configure the UE not to use the radio link that is prone to the beam failure for the UL. Note that this approach is not optimized from UL performance point of views because the UL is not always established on the link with better channel condition. 
[bookmark: _Toc142556302]RAN4 to consider approaches to prevent the UL failure when the UL is connecting to the RRH that is prone to the radio link failure, i.e., by either
           (a) switching the UL to the other connected RRH before the UL failure happens; or 
           (b) the UL shall not be configured for the link-failure-prone RRH.

Alternative to the two preventive approaches above, one can think to proactively switch the UL as quick as possible from the problem RRH to another RRH when the UL failure occurred, rather than just waiting for BFR completed and then initiating the random access. In this way, the interrupted duration can be minimized. 
[bookmark: _Toc142556303]When the UL failure occurs, switching the UL as quick as possible to another RRH rather than waiting for BFR and RA completed could minimize the interrupted time due to the UL failure.
Again, it is best if the UL can be switched immediately from the failed link to the other working link (i.e., from RRH2 to RRH1) when UL failure happened. Since the non-failed link (to RRH1) is still reliable enough, it allows the UE maintaining connection to the serving cell both in UL and DL. It also gives the UE and the NW more time to perform measurements to find a good new beam from another RRH to again start serving the UE from multiple RRHs. 
However, doing so may not be feasible due to large propagation delay difference between RRH2 and RRH1 as the UE cannot transmit in UL directly towards RRH1 when the UL is configured for RRH2 before the beam failure if the timing difference is big. Note that it was agreed in HST FR2 Enhanced that PC6 UEs cannot support two TA loops, i.e., such UEs cannot have different TA values for different RRHs. Therefore, it is required the UE to have the capability of adjusting UL transmit timing autonomously to enable UL transmission towards the other non-failed RRH. If UL timing adjustment can be performed, the UE will send scheduling request and the following BFR MAC CE over the non-failed link.
If the UE is not able to adjust the UL timing for the RRH1, e.g., due to the already lost or outdated DL synchronization from RRH2 when the failure happens, then it will need to initiate RA preamble transmission towards RRH1, and then send BFR MAC CE over the non-failed link of RRH1.
In some case, it could be preferable for the UE to recover from beam failure directly to a new RRH (RRH4), for example, if enabling UL on RRH1 has a similar overhead (e.g., autonomous UL timing adjustment cannot be performed, and RACH is also needed), or channel condition to another RRH is much better. In this case, the UE may initiate RACH directly towards a new RRH.
[bookmark: _Toc142556304]Alternative to Proposal 2, RAN4 to consider approaches to switch the UL from the problem RRH to other RRHs immediately after the UL failure occurred, by either
    (a) switching the UL to the other connected (non-failed) RRH link by:
          (i) allowing UE capability to adjust UL timing autonomously and send BFR MAC CE over this link; or
          (ii) if adjusting UL timing not possible, then initiate RACH and send BFR MAC CE over this link; or
    (b) if (a) is found unpreferable, then switching the UL to another new RRH by initiating RACH.

Use of DRX in the tunnel deployment	Comment by Dimitri Gold (Nokia): - As discibed in the previous section, failure is still possible even with multi-RX. -> in tunnel better not to configure DRX -> RAN4 to agree that DRX should not be configured in the tunnel.
The mobility challenges due to high DRX cycles in HST FR2 was demonstrated in Rel-17 studies, and RAN4 agreed to only consider 80ms upper bound for DRX cycles when defining the enhanced requirements [3]. In Rel-18 studies, it was also shown by system simulation that the impact of long DRX cycles in the tunnel scenario becomes even more severe than Scenario A, especially when the train is moving opposite the serving beam orientation, due to the closer position of the RRH to the railway track [4], [5].
Even if multi-panel reception is used inside the tunnel, as also pointed out above, the radio link failure may still happen. The longer DRX cycles may possibly prolong the duration of disruption on one of the UE panels when beam failure occurs, which may cancel out the advantages of multi-panel reception to the mobility. Therefore, it makes sense to not configure the use of DRX inside the tunnel as robustness mobility performance may not be guaranteed with DRX enabled.
[bookmark: _Toc142556305]In the HST FR2 Tunnel deployment, the reliable mobility performance for PC6 UEs at maximum speed of 350 km/h cannot be guaranteed when DRX is enabled.

Indication of tunnel deployment
As far as we understood, the tunnel deployment scenario does not require to define new RRM requirements meaning that Enhanced RRM requirements in HST FR2 can be reused for the tunnel scenario. Also, Set1 Rx sweeping factor as used for open-space Scenario A can be applied to tunnel scenario. If multi-panel reception is used in the tunnel scenario, the requirements and signaling can still follow those agreed in the study of Rel-18 HST FR2 multi-panel reception in open space. From these viewpoints, separation between the tunnel and open space from the UE perspective is not needed, so neither the indication for the tunnel deployment.
However, if new Demod requirements or applicability rules would need to be defined for the tunnel deployment scenario, then new indication should need to be agreed.
[bookmark: _Toc142556306]Indication of tunnel deployment is not needed unless new Demod requirements or applicability rules would need to be applied.

[bookmark: _Toc116995848]Conclusion
In this contribution we analyzed the potential mobility issue that may occur when the multi-panel reception is used inside the tunnel. We also gave our views on the use of DRX inside the tunnel, and whether indication of tunnel deployment is needed.
The following Observations and Proposals were made:
Observation 1: Following multi-DCI multi TRP transmission assumption in HST FR2 studies, the PDCCH and PDSCH are transmitted from both RRHs, but there is only possible to have single UpLink (UL) transmission towards a single RRH.
Observation 2: In the multi-panel reception tunnel scenario, if the UL is transmitted toward the RRH having the beam orientation opposite to the train travelling direction, then likely the UL is disrupted when the train is approaching under that RRH.
Proposal 1: RAN4 to study the UL interruption issue that may occur in multi-panel reception inside tunnel when the UL is transmitted toward the RRH having beam pointing opposite to the train traveling direction.
Observation 3: The UL failure problem can be prevented by ensuring that either the UL is switched to another RRH before the UL failure happens; or the UL will be not configured for the link that is prone to mobility failure.
Proposal 2: RAN4 to consider approaches to prevent the UL failure when the UL is connecting to the RRH that is prone to the radio link failure, i.e., by either
            (a) switching the UL to the other connected RRH before the UL failure happens; or
            (b) the UL shall not be configured for the link-failure-prone RRH.
Observation 4: When the UL failure occurs, switching the UL as quick as possible to another RRH rather than waiting for BFR and RA completed could minimize the interrupted time due to the UL failure.
Proposal 3: Alternative to Proposal 2, RAN4 to consider approaches to switch the UL from the problem RRH to other RRHs immediately after the UL failure occurred, by either
      (a) switching the UL to the other connected (non-failed) RRH link by:
            (i) allowing UE capability to adjust UL timing autonomously and send BFR MAC CE over this link; or
            (ii) if adjusting UL timing not possible, then initiate RACH and send BFR MAC CE over this link;
      (b) if (a) is found unpreferable, then switching the UL to another new RRH by initiating RACH.
Proposal 4: In the HST FR2 Tunnel deployment, the reliable mobility performance for PC6 UEs at maximum speed of 350 km/h cannot be guaranteed when DRX is enabled.
Observation 5: Indication of tunnel deployment is not needed unless new Demod requirements or applicability rules would need to be applied.
[bookmark: _Toc116995849]
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