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1. Introduction

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 as [1]. This Rel-18 can be regarded as the continuous enhancement over the Rel-17 feature of NR support of FR2 HST, in which Rel-17 WI RAN4 has focused on train roof-mounted high-power devices for NR SA single carrier scenario in FR2, by studying the FR2 HST deployment scenario and specifying the channel modelling, RF, RRM and demodulation requirements for FR2 HST.
During the Rel-17 work item, most of focus was devoted into open space deployment scenarios (Scenario-A and B, differentiated by Dmin, which is the perpendicular distance between RRH site and railway track), while limited study was provided on the tunnel scenario due to the limited Rel-17 effort and relative prioritization, which is identified by operators as important high speed train scenario. 
Another issue identified in Rel-17 work item is the large propagation delay difference from neighbouring RRHs to UE. For example in the uni-directional RRH deployment, it is identified that the signal propagation delay difference can be as much as 2.5us, which is much larger than CP length with 120kHz subcarrier spacing. In Rel-17 work item, the larger autonomous timing adjust step Tq is specified for FR2 HST UE, and the RAN4-based solutions for the uplink timing issue are focused, while other solutions, including involving other RAN working groups, are not fully studied.
Accordingly, as the objectives of Rel-18 enhanced NR support for FR2 HST, to study on reference tunnel deployment scenario for FR2 HST and to specify UL timing adjustment solution are expected to be included in this WI, which is provided in WID [2] as follows:
	· Only train roof-mounted high power devices with target applicable carrier frequency up to 30GHz and up to 350km/h velocity are considered in this WI
· 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]
· 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
· Study on reference tunnel deployment scenario for FR2 HST and specify the channel model and corresponding core requirements if any [RAN4]
· 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].
· Note: RAN1/RAN2 work can be triggered by RAN4 LS.


In this contribution, we would like to share our initial viewpoints to trigger the discussion on reference tunnel deployment and UL timing adjustment solution. 
2 Discussion 
2.1 Study on Reference Tunnel Deployment
By considering the FR2 HST deployment, as agreed in Rel-17 WI and captured in TR 38.854, both open space and tunnel deployment scenarios are proposed to be studied, while the open space scenario is treated as high prioritized scenario. 
It should be noticed that, similar to open space deployment scenario, the key parameters for tunnel deployment needs to be identified for follow-up research: 
-     Ds: the distance separation between two neighboring RRH sites.
-     DRRH_height: determined/limited by tunnel height and RRH deployment method
-     Tunnel dimensions: such as tunnel shape, height, width etc. 
-     gNB RRH antenna element assumption. 
Proposal 1: RAN4 discuss and study the key parameters for tunnel deployment by considering feasibility study of tunnel scenarios: 
-     Ds: the distance separation between two neighboring RRH sites.
-     DRRH_height: determined/limited by tunnel height and RRH deployment method
-     Tunnel dimensions: such as tunnel shape, height, width etc. 
-     gNB RRH Antenna Element Assumption. 

From UE side, the relevant parameters utilized for open space evaluation can be reused, including: 
-	DUE_height: 5m.
-     UE Antenna Element Assumption: 
 Option 1: N=4, M=4 with 2 polarizations as starting point, and other options not precluded pending on further discussion.
Proposal 2: For the feasibility study of tunnel scenarios, the assumed parameters for train-roof-mounted CPE UE in Rel-17 WI can be reused.  

Considering more introduced reflection in tunnel scenario compared with open space scenario, potentially there are more complex delay spread, however, the RMS (root-mean-square) delay spread could be further impacted by the analog beamforming (i.e., spatial filtering) at both RRH and UE sides. In the feasibility study of tunnel scenario, the impact of FR2 analog beamforming needs to be considered.
[image: ]
Proposal 3: Based on the study on tunnel scenario, at least the following targets can be expected: 
        - FR2 HST Tunnel scenario channel model;
        - Typical FR2 HST deployment scenario for tunnel scenario.   

2.2 UL timing adjustment solution
When UE is moving across neighboring RRHs, to maintain the wireless link, the network needs to switch the working RRH from one to another, where the excessive propagation delay difference could be experienced at the UE side, as a particular technical problem not experienced by non-HST systems.  To solve this problem, we introduced a new one-shot large timing adjustment mechanism in this Release-17 work, which is capable of enabling UE to perform the cross-RRH switch with much reduced data package losses.  


Illustration of one-shot timing adjustment mechanism for FR2 HST UE.

As an optional feature specifically for FR2 PC6 UE, the one shot large UL timing adjustment is introduced in clause 7.1.2.3 in TS38.133. 
	7.1.2.3	One shot large UL timing adjustment for FR2 Power Class 6 UE
When highSpeedMeasFlagFR2-r17 is configured and highSpeedLargeOneStepUL-TimingFR2-r17 is enabled for UE supporting FR2 power class 6 and [largeOneStepUL-timingFR2-r17] capability, the following requirements apply to the UE:
-	If the absolute value , the requirement in clause 7.1.2.1 apply to the first UL transmission after a TCI state switch.
-	Otherwise, the UE transmit timing immediately after TCI state switch shall be  and clause 7.1.2.1 requirements don’t apply.
-	The UE UL transmission timing error after the TCI state switching procedure shall be less than or equal to ±Te as specified in clause 7.1.2 if the new target TCI state is within active TCI state list, otherwise ±[7Ts], and the reference point is .
Above,
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with new target TCI state.
-	 (in  units) is the DL timing defined as the time when UE receives downlink frame with old source TCI state.



Observation 1: As an optional feature specifically for FR2 PC6 UE, the RRM requirement for the expected procedure and accuracy of the one shot large UL timing adjustment is introduced in clause 7.1.2.3 in TS38.133. 
As tasked by WID for Rel-18, RAN4 shall 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. 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   



Proposal 4: 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. 

3. Conclusion
In this contribution, we provided our viewpoints on the RF requirements for reference tunnel deployment and UL timing adjustment solution for FR2 HST enhancement for this work item, accordingly the following observations and proposals are obtained: 

Proposal 1: RAN4 discuss and study the key parameters for tunnel deployment by considering feasibility study of tunnel scenarios: 
-     Ds: the distance separation between two neighboring RRH sites.
-     DRRH_height: determined/limited by tunnel height and RRH deployment method
-     Tunnel dimensions: such as tunnel shape, height, width etc. 
-     gNB RRH Antenna Element Assumption. 
Proposal 2: For the feasibility study of tunnel scenarios, the assumed parameters for train-roof-mounted CPE UE in Rel-17 WI can be reused.  
Proposal 3: Based on the study on tunnel scenario, at least the following targets can be expected: 
        - FR2 HST Tunnel scenario channel model;
        - Typical FR2 HST deployment scenario for tunnel scenario.   
Observation 1: As an optional feature specifically for FR2 PC6 UE, the RRM requirement for the expected procedure and accuracy of the one shot large UL timing adjustment is introduced in clause 7.1.2.3 in TS38.133. 
Proposal 4: 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. 
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