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1. Introduction
In RAN#97-e meeting, the updated WID on enhanced NR support for high-speed train scenario in frequency range 2 (FR2) was approved with the following objective as [1] 
	· Core requirement
· 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 signaling 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.
· Performance requirement
· Specify the necessary RRM test cases based on the outcome on corresponding core part. 
· Investigate and if needed specify the demodulation performance requirements for intra-band carrier aggregation (CA) HST scenario
· Specify the necessary demodulation performance requirements for simultaneous multi-panel reception. 
· NOTE: Focus on FR2 HST specific requirements, and avoid the overlap with the scope of FR2 multi-Rx DL reception
· Specify the other necessary RRM and demodulation performance requirements depending on the outcome of core part. 



In the RAN4#104bis-e meeting, the work plan for performance part including demodulation requirement and RRM requirement has been approved in [2]. According to meeting schedule and work plan, the performance part of demodulation will be discussed from this meeting as 
	RAN4#106-bis-e: Apr. 17th – 26th, 2023
· RRM (performance) requirement:
· Discussion on UE RRM performance requirement impact due to intra-band CA for FR2 PC6;
· Discussion on RRM performance requirement for simultaneous multi-panel operation, specifically for FR2 HST, based upon conclusions from FR2 multi-RX reception WI.
· Discussion on RRM performance requirement for UL timing adjustment solution. 
· Demodulation:
· Discussion on test case and applicability rule for intra-band CA for FR2 PC6. 
· Discussion on test case for simultaneous multi-panel reception for FR2 PC6. 
· Discussion on test case in reference tunnel deployment channel, if identified.



In this contribution, the view on channel modeling for demodulation requirement for FR2 HST scenario  
2	Discussion
2.1	Channel Model for demodulation requirement for simultaneous multi-panel reception 
In the Rel-17 WI, similar as FR2 handheld and other UE types, the single active panel operation was focused, i.e. only one active antenna panel at a time as baseline antenna assumption. Based on the Rel-17 conclusion, two panels shall be physically installed to flexibly support either forward or backward incoming signal direction; however, the restriction of only one active antenna panel limits utilizing two neighbouring RRHs to serve one HST UE in the bi-directional RRH deployment scenario. Accordingly, it is of importance to introduce the support of simultaneous reception with maximum 2 active panels at the train roof-mounted FR2 high power devices for the bi-directional RRH deployment scenario.  
In Rel-16 eMIMO WI, the DL transmission scheme with transmission scheme with simultaneous multi-beam reception from multi-TRP/panel was introduced in RAN1. FR2 UE capability for simultaneous multi-beam reception was introduced (simultaneousReceptionDiffTypeD-r16).  
Deployment scenario 
In the previous meeting, the deployment scenario for supporting simultaneous multi-panel reception is discussed for both Bi-directional and Uni-directional deployment scenarios respectively, where bi-directional RRH deployment scenario as indicated in figure 1, the feasibility has been confirmed
[image: ]






Figure 1:  Bi-directional scenario 
For Bi-directional deployment scenario, for each UE panel, only one directional signal received from neighbor RRH Panel. In general, the channel model is similar as two taps, namely the two nearest RRHs panel. Thus, RRH k with RRH Panel is visible for the train only in the range as
		
Power level Pk (dB) for the signal from kth RRH, normalized to the total power received from all visible RRHs, is given by:

for 		

Doppler shift (Hz) from kth RRH is given by:
      			                             
The relative delay Tk (s) for the signal from kth RRH can be derived as:
				
Where the details of parameters can be listed in 
	Parameter
	Value

	

	700 m

	

	10 m for scenario A
150m for scenario B

	

	350 km/h

	

	9722 Hz for 120KHz




Proposal 1: Existing HST-SFN scheme A can be used as starting point of the channel model for FR2 HST with Bi-directional scenario with multi-panel simultaneous reception demodulation requirement for open scenario.

2.2	Channel Model for demodulation requirement for tunnel scenario
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.
Based on the WID, to study on reference tunnel deployment scenario for FR2 HST is expected to be included in this WI. Based on previous meeting, the following agreement was achieved 

	· HST Tunnel deployment scenario
· Scenario#1:  single-panel reception UE and DPS transmission scheme   
· Sceanrio#2: Two-panel simultaneous reception scenario and analysis of corresponding transmission schemes in tunnel deployment has lower priority
· FFS: feasibility of uni- and bi-directional RRH deployments in Sceanario#1 (single-panel reception UE and DPS transition schemes)
· FFS: deployment assumption at the exit/entrance of the tunnel
· Key parameters for tunnel deployment 
· Ds: the distance separation between two neighboring RRH sites
· Ds =700ms
·  Dmin: the minimum distance between RRH site and train track:
· Dmin = 1m



Meanwhile, based on agreement in the last meeting in the RRM session for Channel Model 
	· Channel Model for tunnel deployment 
· Only considering LoS propagation conditions
· FFS: whether RRM session to decide propagation conditions which can be used for demodulation performance requirements 
· Option 1: Reuse FR2 HST channel model in TS38.101-4 and TS 38.104
· Option 2:  Consider multi-path fading model (e.g, with up to 2nd order multi-path components)
· Other options are not precluded



Based on our company paper study, if the analog beamforming is applied, the observed channel will be more “single-tap-like”. Therefore, from baseband processing aspects, the Rel-17 introduced FR2 HST channel model in TS 38.101-4 and TS 38.104 can be used for FR2 HST tunnel deployment scenario for demodulation requirement for single-panel reception UE and DPS transmission scheme. Regarding the Uni-directional or Bi-directional for scenario #1 in tunnel scenario, it is pending on the feasibility study of core requirement.  
Proposal 2: RAN4 apply FR2 HST channel model in TS 38.101-4 and TS 38.104 for FR2 HST tunnel deployment scenario for demodulation requirement with scenario #1 as single-panel reception UE and DPS transmission scheme. FFS on Uni-directional or Bi-directional channel model applied pending on outcome of feasibility study.  
 
3	Conclusion
In this contribution, the view on the channel modeling for FR2 HST demodulation requirement with multi-Rx simultaneous reception in Bi-directional deployment for open space scenario, and single panel reception with DPS schemes for tunnel deployment is provided.
Proposal 1: Existing HST-SFN scheme A can be used as starting point of the channel model for FR2 HST with Bi-directional scenario with multi-panel simultaneous reception demodulation requirement for open scenario.
Proposal 2: RAN4 apply FR2 HST channel model in TS 38.101-4 and TS 38.104 for FR2 HST tunnel deployment scenario for demodulation requirement with scenario #1 as single-panel reception UE and DPS transmission scheme. FFS on Uni-directional or Bi-directional channel model applied pending on outcome of feasibility study.  
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