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1	Introduction
In the previous RAN4 meeting, the channel modeling for performance requirement based on FR2 HST RRH deployment scenario were under discussion. The related agreement was captured in the WF [1].
Our accompany contributions for FR2 HST deployment scenario were provided in this meeting as [2][3]. Based on the discussion, both bi-directional and Uni-directional for scenario A and scenario B are feasible, from the link budget analysis perspective. With different deployment scenario and transmission schemes, the Doppler shift trajectory observed by RRH or UE will be different. 
In this contribution, we would like to further analysis the channel model for BS/UE performance requirement, separately  
2	Uplink
For Uplink, regarding the deployment scenario or transmission scheme, only single tap is available for each RRH 
2.1 Channel model for Uni-directional RRH deployment scenario 
Regarding the channel model for Uni-directional, the following options are considered in the last meeting as 
	· Option 1: Use single-tap propagation channel for UL Uni-directional RRH deployment, as described below:
· ,
, 
, 
· Option 2: HST-DPS Channel for FR2 HST Uni-Directional RRH Deployment: Alt-1: UE Moving towards Serving Beam the cosine of angle θ(t)  used in Doppler shift  is provided as below
·     
   
    (eq. 3)
· Value of  is FFS



The Doppler shift trajectory based on these two options are provided 
Table 1. Doppler shift trajectory for both option1 and option 2
	Option 1
	Option 2
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Observations 1:
· Option 1:
· The initial distance of train from BS is at the location of Ds/2
· The serving range for RRH k is from location  (k-1)*Ds to k*Ds,  the switching point for RRH k is located at k*Ds ,which is not well reflected the link budget analysis for one beam per panel in scenario A
· The Doppler shift trajectory variation in one period(i.e, t from 0 to Ds/v) is actually observed by two adjacent RRHs, which not reflected the whole period of Doppler shift observed by each RRH
· Option 2: 
· The initial distance of train from BS is at the di Ds_offset
· The serving range for RRH k is from k*Ds-Ds_offset to (k+1)*Ds-Ds_offset,  assuming UE moving forward to serving RRH beam direction, The switching point for RRH k is at (k+1)-Ds_offset
· The Doppler shift trajectory variation  in one period (i,e, t from 0 to Ds/v)  is well reflected the whole period of Doppler shift observed by each RRH
Regarding scenario B, the number of beam per RRH is still under discussion. From Doppler shift variation perspective, it should be continuous for each beam within the same RRH.  Based on our analysis, option 2 is well reflect the Doppler shift variation for Uni-directional. As for value of Ds_offset, we can further discuss based on the outcome of link budget analysis for deployment scenario. Based on our evaluation, the value of Ds_offset can be selected as  
Table 2. Switching point Ds_offset between two RRHs
	
	UE moving towards serving beam
	UE moving away from serving beam

	Scenairo-A (Ds = 700m , Dmin = 10m)
	Ds_offset = 700 + 47 (meter)
	Ds_offset = 47 (meter)

	Scenario-B (Ds = 700m , Dmin = 150m)
	Ds_offset = 700 + 373 (meter)
	Ds_offset = 373 (meter)



2.2 Channel model for Bi-directional RRH deployment scenario
Regarding the channel model for bi-directional, the following options are considered in the last meeting as 
	· Option 1: RAN4 to modify the single-tap propagation channel model for HST FR2 in DL to take into account the Doppler shift sign alternation in bi-directional setting when CPE is handing over from one RRH site to another. Use this model in bi-directional DPS setting:
· , ,
· , .
· Option 2: HST-DPS Channel for FR2 HST Bi-Directional RRH Deployment. the cosine of angle used in Doppler shift  is provided as below:
·    (eq. 7)
·    (eq. 8)	
·     (eq. 9)
· Other options are not precluded



Different with uni-directional RRH deployment scenario, different schemes are proposed to solve the “RRH-site” coverage issue for bi-directional RRH deployment scenario as following
[image: ]
Scheme 1- connecting to 2nd –Nearest RRH
[image: ]
Scheme 2- connecting to Nearest RRH except coverage hole
The connecting scheme will result in the different Doppler shift trajectory observed by RRH
The Doppler shift trajectory and formula based on these two options are provided 
Table 3 Doppler shift trajectory for both option1 and option 2 for bi-directional scenario 
	Scheme 1
	Scheme 2
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For scheme 1, UE will be served by the 2nd nearest RRH. Generally, the Doppler shift is same with that Uni-directional RRH deployment, excepting for the range from Ds/2 to Ds*3/2, where UE will be served by adjacent RRHs.  The duration time that UE is not served by RRH will be up to 7.2m.
For scheme 2, UE will be served by the nearest RRH. Similarly, the Doppler shift is same with that Uni-directional RRH deployment before served RRH switching.  
Based on the Doppler shift trajectory, the following observations can be obtained as 
Observation 2:  For served RRH k, Doppler shift trajectory in Uni-directional is divided with two noncontiguous segments in scheme 1
Observation 3:  For RRH k, Doppler shift trajectory Uni-directional scenario is divided with three noncontiguous segments in scheme 2
The test purpose of channel model is to verify the baseband performance, it is not proper to test with non-contiguous Doppler shift trajectory.  If regarding multiple RRH as an integration unit, same with UE side, the equivalent Doppler shift trajectory observed by RRH as a contiguous variation with Doppler shift jump as   
Table 4 Doppler shift trajectory for both option1 and option 2 for bi-directional scenario 
	Scheme 1
	Scheme 2
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3	Downlink 
For Downlink side, as agreed, RAN4 agreed to use DPS channel model for both Uni-directional/Bi-directional for performance requirements. 
3.1 Channel model for Uni-directional RRH deployment scenario
Regarding the channel model for Uni-directional, the following options are considered in the last meeting as 
	· Option 1: Use single-tap propagation channel for DL Uni-directional RRH deployment, as described below:
· , 
· , 
· , ,
· Option 2: HST-DPS Channel for FR2 HST Uni-Directional RRH Deployment: Alt-1: UE Moving towards Serving Beam the cosine of angle θ(t)  used in Doppler shift  is provided as below
·     (eq. 1)
·    (eq. 2)	
·    (eq. 3)
· Value of  is FFS
· Option 3: HST-DPS Channel for FR2 HST Uni-Directional RRH Deployment: UE Moving away from Serving RRH, the cosine of angle θ(t)  used in Doppler shift  is provided as below, value of  is FFS
· 
· Other options are not precluded



	Option 1
	Option 2

	

[image: ]
	


[image: ]



Similar analysis as uplink in Uni-directional, option 1 cannot well reflect the link budget analysis for scenario A and B. 
Regarding as option 2 and option 3, the only different is the UE moving direction. From demodulation perspective, there is no different behavior foreseen. For simplicity, we prefer to only choose one of them for performance requirement.
As observed for both option 1 and option 2, the Doppler observed by UE will have jump from minimum value to maximum value due to served RRH switching. This jump will be challenge for UE Doppler tracking based on RS signal. Therefore, it is necessary to verify the UE reviver behavior at each time with switching of transmission point. 
In FR1 DPS channel mode, the initial distance of the train from BS is 0. Middle point between two RRHs will be switching of transmission point. With the assumption Ds =700m and v=500km/h, the transmission time is about 2.52ms, where the total number of slot is 2520 for 15 KHz. 
For FR2, based option 2, the transmission time will be 7.2ms for the train moving to the RRH switching point, where the total number of slot is 57600 for 120 KHz SCS. It will consume huge simulation time.
Since the test purpose is to verify the Doppler tracking with frequency jump, to reduce the simulation time, the initial distance of train can be set as the middle of two RRHs, which is close to the switching point as  following deployment figure 




Observation 4: Around 2520 number of slot is needed for 15 KHz SCS, when the train is moving from the initial location as 0 to the location of switching point in FR1 HST DPS channel model 
Observation 5: Around 57600 number of slot is needed for 120 KHz SCS, when the train is moving from the initial location to the location of switching point in FR2 HST DPS channel model with option 2
 Based on our preferred, the option 2 can be modified as follows, aiming to reduce the simulation effort.
,     
 ,    
, 


3.2 Channel model for bi-directional RRH deployment scenario
Regarding the channel model for Bi-directional, the following options are considered in the last meeting as
	· Option 1: RAN4 to modify the single-tap propagation channel model for HST FR2 in DL to take into account the Doppler shift sign alternation in bi-directional setting when CPE is handing over from one RRH site to another. Use this model in bi-directional DPS setting:
· , ,
· , .
· Option 2: HST-DPS Channel for FR2 HST Bi-Directional RRH Deployment. the cosine of angle used in Doppler shift  is provided as below:
·    (eq. 7)
·    (eq. 8)	
·     (eq. 9)
· Other options are not precluded



The Doppler shift trajectory based on these two options are provided 
	Option 1
	Option 2
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As agreed, only DPS channel model is used for performance requirements. 
Observations 6: There is no Doppler shift frequency jump in option 1, due to the RRH switching at Ds/2, it is not reasonable that Doppler observed by UE is 0 at the middle of two RRH side.
Therefore, it is not reasonable to select the option 1 as channel model for bi-directional scenario. 
Different with Uni-directional RRH deployment scenario, different schemes are proposed to solve the “RRH-site” coverage issue for bi-directional RRH deployment scenario as following.
[image: ]
Scheme 1- connecting to 2nd –Nearest RRH
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Scheme 2- connecting to Nearest RRH except coverage hole

[image: ]
Scheme-3: Connecting to Nearest RRH except the area under the RRH

The Doppler shift trajectory for UE sides and formulate based on scheme 1 and scheme 2 are provided
	Scheme 1
	Scheme 2
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Based on the last meeting’s discussion, the link performance of schem-1 show very limited benefit over unidirectional. From link budget perspective, at least 2 beam per panel is needed. As analyzed in our company’s contribution, compared with scheme 2, the benefit of scheme 1 is not obvious. 
Regarding scheme 3, UE will have three times panel switching, where the UE complexity will be increased. Also, the whole throughput will be impacted with TCI state switching and panel switching frequently
4	Summary  
Based on our above analysis, we suggest to use the following channel model for performance requirement  
Proposal 1: Selected the following channel model for UL/DL performance requirement in Unidirectional RRH deployment scenario 
,     
 ,    
, 

where 
· Scenario-A (Ds=700m, Dmin=10m): Ds_offset =700+47
· Scenario-B (Ds=700m, Dmin=150m): Ds_offset =700+373

Proposal 2: Selected the following channel model for UL/DL performance requirement in Bi-directional RRH deployment scenario 

, ,
, ,
, 
, 
, .
where 
· Scenario-A (Ds=700m, Dmin=10m): Ds_offset =40
· Scenario-B (Ds=700m, Dmin=150m): Ds_offset =230

5	Conclusion  
In this contribution, we further provided our discussion and view on channel model for UL and DL performance requirement in both Uni-directional and Bi-directional in scenario A and scenario B. 
Observations 1:
· Option 1:
· The initial distance of train from BS is at the location of Ds/2
· The serving range for RRH k is from location  (k-1)*Ds to k*Ds,  the switching point for RRH k is located at k*Ds ,which is not well reflected the link budget analysis for one beam per panel in scenario A
· The Doppler shift trajectory variation in one period(i.e, t from 0 to Ds/v) is actually observed by two adjacent RRHs, which not reflected the whole period of Doppler shift observed by each RRH
· Option 2: 
· The initial distance of train from BS is at the di Ds_offset
· The serving range for RRH k is from k*Ds-Ds_offset to (k+1)*Ds-Ds_offset,  assuming UE moving forward to serving RRH beam direction, The switching point for RRH k is at (k+1)-Ds_offset
Observation 2:  For served RRH k, Doppler shift trajectory in Uni-directional is divided with two noncontiguous segments in scheme 1
Observation 3:  For RRH k, Doppler shift trajectory Uni-directional scenario is divided with three noncontiguous segments in scheme 2
Observation 4: Around 2520 number of slot is needed for 15 KHz SCS, when the train is moving from the initial location as 0 to the location of switching point in FR1 HST DPS channel model 
Observation 5: Around 57600 number of slot is needed for 120 KHz SCS, when the train is moving from the initial location to the location of switching point in FR2 HST DPS channel model with option 2
[bookmark: _GoBack]Observations 6: There is no Doppler shift frequency jump in option 1 for bi-directional scenario , due to the RRH switching at Ds/2, it is not reasonable that Doppler observed by UE is 0 at the middle of two RRH side.
Proposal 1: Selected the following channel model for UL/DL performance requirement in Unidirectional RRH deployment scenario 
,     
 ,    
, 

where 
· Scenario-A (Ds=700m, Dmin=10m): Ds_offset =700+47
· Scenario-B (Ds=700m, Dmin=150m): Ds_offset =700+373

Proposal 2: Selected the following channel model for UL/DL performance requirement in Bi-directional RRH deployment scenario 

, ,
, ,
, 
, 
, .
where 
· Scenario-A (Ds=700m, Dmin=10m): Ds_offset =40
· Scenario-B (Ds=700m, Dmin=150m): Ds_offset =230
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