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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 core RRM requirements for HST FR2 in tunnel deployments have been discussed in several RAN4 meetings by which common understandings on several aspects have been agreed. However, there is still an open issue regarding to mobility performance inside the tunnel, which was captured in RAN4#108 WF [2], that may need to be addressed:
	Topic #2: Tunnel deployment
Issue 2-1: UL interruption in tunnel scenario
Way forward
The following issue has been identified by a company that may need further study in the maintenance stage:
· Option 1: RAN4 to study the UL interruption issue that may occur in multi-panel reception inside tunnel:
· Option 1a: switching the UL to the other connected RRH before the UL failure happens
· Option 1b: UL shall not be configured for the link-failure-prone RRH
· Option 1c: Allow UE to adjust UL timing autonomously in the case of beam failure
· Other options are not precluded.




In this paper, we further provide our analysis on this open issue.

[bookmark: _Toc116995842]Discussion
Mobility issue with simultaneous multi-panel reception in the tunnel
As discussed in our previous paper contributed to RAN4#108 [3], even though bi-directional deployment with simultaneous multi-panel reception is used in the tunnel, some mobility challenging situations can still be foreseen.
We recall that there is a mobility issue identified in the tunnel deployment which probably happens when the CPE is travelling opposite to serving beam pointing direction. This observation was agreed by companies as common understanding since RAN4#106 [4]
	Agreement: [RAN4#106]
· Mobility issue at HO/beam switch when CPE is travelling in the direction opposite to the serving beam is observed due to the sharp drop of the signal strength at the edge of the beam next to the RRH.



In Rel-18 HST FR2 multi-Rx studies, multi-DCI-based-multi-TRP assumption is adopted which assumes that there is only possible to have single UpLink (UL) transmission towards a single RRH. Therefore, if multi-panel reception is used in the tunnel and the UL (PUCCH/PUSCH) is connecting to the RRH’s panel facing opposite to the train moving direction, then the UL connection may be lost near the serving RRH, as illustrated in Figure 1. 


[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

[bookmark: _Toc146613185]For the multi-panel reception in the tunnel scenario, if the UL is transmitted toward the RRH having the beam orientation opposite to the train travelling direction, then the UL will be disrupted in the case of beam/link failure next to the RRH.
To see how likely the UE with multi-Rx capability encounters such mobility issue in the tunnel, and if it is does, how severe the impact of the issue to the mobility performance given the currently agreed RRM requirements, we may need to further analyze how UL spatial relation switch may be executed. 
Note that there is no agreement on a need for timing adjustment at UL spatial relation switch, neither the requirement on the execution of UL spatial relation switch, for Rel-18 HST FR2 with bidirectional RRH deployment, though such have already been discussed under UL timing adjustment topic, e.g., as can be seen through RAN4#107 WF [5]:
	Sub-topic #1-2: General
Issue 1-2-1: A need for timing adjustment at UL spatial relation switch
Way forward:
Open issue needs further discussion:
· Option 1: Apply existing one-shot larger UL timing adjustment mechanism (Clause 7.1.2.3) at UL spatial relation switch
· Option 2: UL spatial relation switch shall always be executed strictly when the corresponding DL TCI state switches
· Option 3: The existing gradual timing adjustment requirements can be applied, and there is no need to define additional UL transmit timing adjustment
Issue 1-2-2: Applicability of gradual timing adjustment in between one-shot large timing adjustments
Way forward:
Open issue needs further discussion:
· Option 1: UE to report the value of one-shot large UL timing adjustment back to the network.
· Option 2: Follow the current UE autonomous timing adjustment procedure and requirements. Discussion not in Rel-18 scope.
· Option 3: Describe UE behaviour after one shot UL timing adjustment in the TR.



[bookmark: _Hlk145494709]For CP6 UE in HST FR2, UL timing can be adjusted by applying one-short large timing adjustment mechanism specified in TS38.133 Clause 7.1.2.3. If this feature is enabled, the UL timing is required to be adjusted every time DL TCI state switches, meaning that UL spatial relation switch is executed strictly together with the corresponding DL TCI state switches. 
On the other hand, if one-short large timing adjustment is not enabled, then the UL spatial relation switch may be independent on the DL TCI states. This means there is potentially more freedom for executing the UL spatial relation switch, e.g., NW can instruct the UE to initiate the RACH procedure to switch the UL spatial direction.
We also note the fact that in HST FR2 multi-Rx, DL TCI state switch for each UE panel has similar behavior to uni-directional deployment, i.e., DL TCI state is not switched at the middle between two non-collocated RRHs but near the serving/target RRH.
From the above observations, there are two possible scenarios for UL spatial relation switch for CP6 UE with multi-RX reception capability in tunnel deployment:
· Scenario 1: UL spatial relation switch is executed dependently on the corresponding DL TCI state switches. This can be configured by enabling the one-short large timing adjustment. In this scenario, if failure occurs for DL beam (e.g., at area under serving RRH), then UL will also be lost.
· Scenario 2: UL spatial relation switch is executed independently on DL TCI state switches, which is the case when the one-short large timing adjustment is not enabled. In this scenario, UL can be switch to the other direction if needed, e.g., to optimize UL SINR or avoid potential UL failure.
[bookmark: _Toc146613186]There are two possible scenarios for UL spatial relation switch in Rel-18 HST FR2 that can be considered, i.e., 
     Scenario 1: UL spatial relation shall always be executed dependently on corresponding DL TCI state switches
     Scenario 2: UL spatial relation shall be executed independent on DL TCI state switches.
Thus, depending on how UL spatial relation shall be executed, the below scenarios for mobility for multi-RX UE in the tunnel may happen.
[bookmark: _Hlk145339458]If we assume Scenario 1 for UL spatial relation switch, there are possibly two sub-scenarios depending on whether UL is first transmitted toward the RRH’s beam/panel facing same or opposite to the train moving direction in the tunnel.
Figure 2 illustrates a scenario when the UE first transmits the UL towards the RRH’s beam/panel facing same direction as the train moving direction when it joins the tunnel cell, i.e., at Point A in the figure when UL is connecting to RRH1.  As can be seen from the figure, there should not be UL failure issue in this case.


[bookmark: _Ref145318903]Figure 2: Scenario where UL spatial relation is triggered following the corresponding DL TCI state switches: (A) UE first transmits the UL towards RRH1 – the RRH’s beam/panel facing same direction as the train moving direction; (B) UL is kept on RRH1 though RRH2 has better channel condition; (C) DL2 on RRH2 (PDCCH2/PDSCH2) is failed under RRH2; (D) DL1 (PDCCH1/PDSCH1) and UL on RRH1 are switched to RRH3 follow normal inter-cell beam switch procedure, DL2 is recovered to RRH4 by BRF procedure. 
However, if the UE first transmits the UL towards the RRH’s beam/panel oriented opposite to the train moving direction, as illustrated in Figure 3, then mobility issue may be expected, though disruption could be rather short. More specifically, when the train is approaching under RRH2, point C in the figure, the UL and DL2 (PDCCH2/PDSCH2) will be dropped. The BFR procedure will be executed to recover the UL. However, we note that it is not clear yet how the UL link failure will be recovered in this case. In general, we could assume that the UL will transmit to the (new) RRH3 which seems to have a better link quality. At this point, the mobility behavior follows similar to what illustrated in Figure 2. Note that if longer DRX cycle is enabled for the tunnel, then it is not guaranteed that the UL will be established on RRH3, but it could be RRH4 which means the UL interruption could be prolonged.


[bookmark: _Ref145318885]Figure 3: Scenario where UL spatial relation is triggered following the corresponding DL TCI state switches: (A) UE first transmits the UL towards RRH1 - the RRH’s beam/panel facing opposite direction as the train moving direction; (B) DL2 (PDCCH2/PDSCH2) and UL is failed under RRH1; (C) DL1 (PDCCH1/PDSCH1) and UL are recovered on RRH2 by BFR; (D) UL is kept on RRH2 though RRH3 has better channel condition; (E) DL1 and UL on RRH2 are switched to RRH4 follow normal inter-cell beam switch procedure, DL2 is recovered to RRH5 by BRF procedure
From the above analysis, we can see that if UL spatial relation shall always be executed strictly when corresponding DL TCI state switches, the mobility problem in tunnel with UL in multi-panel reception scheme may occur depending on which RRH the UL is first established when the UE handed over to the tunnel cell. However, the interrupted time may be short. On the other hand, we note that the UL performance in terms of throughput will be degraded because the UL does not always have the best channel conditions.
[bookmark: _Toc146613187]If UL spatial relation shall always be executed strictly when corresponding DL TCI state switches (Scenario 1), the UL issue in multi-panel reception scheme may occur but the interrupted time may be short. The UL performance in terms of throughput will be degraded because the best list/RRH is not always used for the UL.

[bookmark: _Hlk145333332][bookmark: _Hlk145338716]Next, let us consider Scenario 2 for UL spatial relation, i.e., UL switch shall not follow the corresponding DL TCI state switches. In this case, there is more freedom for changing the UL spatial direction, as such the switch may be executed to optimize some certain performances, e.g., UL throughput. 
For example, the network can monitor the UL channel condition based on UE’s measurement report, and indicate the UE to switch the UL using RACH procedure, as illustrated in Figure 4. In this regard, UL would expectedly have better throughput performance as the SINR are high throughout most of the area along the track. However following the current specification, the UL is likely disrupted every time the train approaches under the serving RRH of which beams are pointing opposite to the train moving direction (e.g., under RRH2 in the figure), because, to best of our knowledge, there is currently not any mechanism for the network/UE to immediately or even early trigger the UL/DL TCI state switch right before the radio link is suddenly unusable in this HST FR2 scenario. If there would be such an intelligent mechanism applicable, then independent DL/UL TCI state switches would ensure optimal performance in terms of mobility and throughput.


[bookmark: _Ref145595157]Figure 4: Scenario where UL spatial relation does not follow the corresponding DL TCI state switch, but UL channel condition: (A) UE first transmits the UL towards; (B) UL is switched to RRH2 which has better channel condition; (C) DL2 (PDCCH2/PDSCH2) and UL are failed under RRH2; (C) DL1 (PDCCH1/PDSCH1) is switched to RRH3 following normal inter-cell beam switch procedure, UL is recovered to RRH3 by BFR and  DL2 is recovered to RRH4 by BFR;
[bookmark: _Toc146613188]If UL spatial relation does not follow the corresponding DL TCI state switch (Scenario 2) but UL channel condition, then the UL is likely disrupted every time the train approaches under the serving RRH of which beams are pointing opposite to the train moving direction. However, UL SINR is expected to be high for most of the area along the track.

From the above analysis, we can see that Scenario 1 for UL spatial relation switch (i.e., UL switch shall always be executed dependently on corresponding DL TCI state switches) is expected to have less severe mobility issue. This should be the case when the one-short large timing adjustment is enabled. However, UL performance is also expected to degrade. Thus, we propose RAN4 to discuss and agree if our observation could be seen as common understanding:
[bookmark: _Toc146613189]RAN4 to agree the following common understanding on the behavior of a CP6 UE with multi-Rx reception in tunnel when one-shot large timing adjustment is enabled:
      -  UL spatial relation switch shall always be executed strictly when corresponding DL TCI state is switched; and
      -  UL performance degradation is expected because UE is not always connected to the best RRH.

[bookmark: _Toc116995848]Conclusion
In this contribution we discussed further the potential mobility issue that may occur when the multi-panel reception is used inside the tunnel, focusing on analyzing how UL spatial relation switch could be done for a CP6 UE with multi-Rx capability in tunnel deployment.
The following Observations and Proposals were made:
Observation 1: For the multi-panel reception in the tunnel scenario, if the UL is transmitted toward the RRH having the beam orientation opposite to the train travelling direction, then the UL will be disrupted in the case of beam/link failure next to the RRH.
Observation 2: There are two possible scenarios for UL spatial relation switch in Rel-18 HST FR2 that can be considered, i.e.,       Scenario 1: UL spatial relation shall always be executed dependently on corresponding DL TCI state switches      Scenario 2: UL spatial relation shall be executed independent on DL TCI state switches.
Observation 3: If UL spatial relation shall always be executed strictly when corresponding DL TCI state switches (Scenario 1), the UL issue in multi-panel reception scheme may occur but the interrupted time may be short. The UL performance in terms of throughput will be degraded because the best list/RRH is not always used for the UL.
Observation 4: If UL spatial relation does not follow the corresponding DL TCI state switch (Scenario 2) but UL channel condition, then the UL is likely disrupted every time the train approaches under the serving RRH of which beams are pointing opposite to the train moving direction. However, UL SINR is expected to be high for most of the area along the track.
Proposal 1: RAN4 to agree the following common understanding on the behavior of a CP6 UE with multi-Rx reception in tunnel when one-shot large timing adjustment is enabled:
       -  UL spatial relation switch shall always be executed strictly when corresponding DL TCI state is switched; and
       -  UL performance degradation is expected because UE is not always connected to the best RRH.
[bookmark: _Toc116995849]
References
[1] [bookmark: _Ref114500673][bookmark: _Ref118741312]RP-220985, New WID on enhanced NR support for high speed train scenario in frequency range 2 (FR2), Samsung, RAN#95-e, March 17-23, 2022. 
[2] R4-2314298, WF on FR2 HST RRM requirements (part 2), Nokia, Nokia Shanghai Bell, RAN4 #108, Toulouse, France, August 21 – August 25, 2023. 
[3] [bookmark: _Ref142389981][bookmark: _Ref145340010]R4-2308035, On RRM Aspects of Tunnel Deployment Scenarios in HST FR2 Enhanced, Nokia, Nokia Shanghai Bell, RAN4 #108, Toulouse, France, August 21 – August 25, 2023.
[4] [bookmark: _Ref145453785]R4-2303174, WF on FR2 HST tunnel deployment scenario, Nokia, Nokia Shanghai Bell, RAN4 #106, Athens, Greece, February 27th – March 3rd, 2023
[5] [bookmark: _Ref145491165]R4-2310042, WF on FR2 HST RRM requirements (part 2), Nokia, Nokia Shanghai Bell, RAN4 #108, Incheon, KR, May 22 – May 26, 2023
image1.emf
CPE/UE

RRH2

RRH1

Tunnel wall

RRH0

RRH3

location where UL failure happens


Microsoft_Visio_Drawing.vsdx
CPE/UE
RRH2
RRH1
Tunnel wall
PDSCH1
PDCCH1
PDCCH2
PDSCH2
PUCCH
PUSCH
RRH0
RRH3
location where UL failure happens



image2.emf
CPE/UE

RRH2

RRH1

CPE/UE

RRH2 RRH1

CPE/UE

RRH2

RRH1

(B)

RRH4

RRH4

RRH4

RRH3

RRH3

RRH3

(A)

(D)

CPE/UE

RRH2 RRH1

(C)

RRH4

RRH3


Microsoft_Visio_Drawing1.vsdx
CPE/UE
RRH2
RRH1
PDSCH1
PDCCH1
CPE/UE
RRH2
RRH1
PDCCH2
PDSCH2
CPE/UE
RRH2
RRH1
(B)
RRH4
RRH4
RRH4
RRH3
RRH3
RRH3
PUCCH
PUSCH
(A)
PDSCH1
PDCCH1
PUCCH
PUSCH
(D)
PDCCH2
PDSCH2
PDSCH1
PDCCH1
PUCCH
PUSCH
PDCCH2
PDSCH2
CPE/UE
RRH2
RRH1
X
X
(C)
RRH4
RRH3
PDSCH1
PDCCH1
PUCCH
PUSCH



image3.emf
CPE/UE

RRH1

CPE/UE

CPE/UE

(C)

RRH3 RRH2

(A)

(D)

CPE/UE

(E)

RRH1 RRH3 RRH2

RRH1

RRH3

RRH2

RRH1

RRH3

RRH2

CPE/UE

RRH1 RRH3 RRH2

(B)

RRH4

RRH4

RRH4

RRH4

RRH4


Microsoft_Visio_Drawing2.vsdx
CPE/UE
RRH1
PDSCH1
PDCCH1
CPE/UE
CPE/UE
(C)
RRH3
RRH2
(A)
PDSCH1
PDCCH1
PUCCH
PUSCH
(D)
PDCCH2
PDSCH2
PDCCH2
PDSCH2
PUCCH
PUSCH
PDCCH2
PDSCH2
PDSCH1
PDCCH1
PUCCH
PUSCH
CPE/UE
(E)
PDCCH2
PDSCH2
PDSCH1
PDCCH1
PUCCH
PUSCH
RRH1
RRH3
RRH2
RRH1
RRH3
RRH2
RRH1
RRH3
RRH2
CPE/UE
RRH1
PDSCH1
PDCCH1
RRH3
RRH2
(B)
X
X
X
X
RRH4
RRH4
RRH4
RRH4
RRH4



image4.emf
CPE/UE

RRH2

RRH1

CPE/UE

RRH2 RRH1

CPE/UE

RRH2

RRH1

(B)

RRH4

RRH4

RRH4

RRH3

RRH3

RRH3

(A)

(D)

CPE/UE

RRH2 RRH1

(C)

RRH4 RRH3


Microsoft_Visio_Drawing3.vsdx
CPE/UE
RRH2
RRH1
PDSCH1
PDCCH1
CPE/UE
RRH2
RRH1
PDCCH2
PDSCH2
PUCCH
PUSCH
CPE/UE
RRH2
RRH1
(B)
RRH4
RRH4
RRH4
RRH3
RRH3
RRH3
PUCCH
PUSCH
(A)
PDSCH1
PDCCH1
PUCCH
PUSCH
(D)
PDCCH2
PDSCH2
PDSCH1
PDCCH1
PDCCH2
PDSCH2
CPE/UE
RRH2
RRH1
X
X
X
X
(C)
RRH4
RRH3
PDSCH1
PDCCH1



