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Introduction
In RAN Plenary #89-e, the RAN4-led work item of NR support for high speed train scenario in FR2 has been approved [1, RP-202118]. Based on last RAN4 meeting (RAN4#97-e) discussion, the following contents are agreed in the approved WF [5, R4-2017828]. 
	FR2 HST deployment scenario: 
· The following agreement and conclusion were made on FR2 HST deployment scenario and related aspects, captured in the approved WF [2]. 
· WF1: Deployment Scenario: General
· RAN4 at least consider the following deployment scenario: 
· Ds and Dmin: Take the following 5 scenarios as basic assumption.
	Scenario
	Ds (meter)
	Dmin (meter)

	1
	800
	10

	2
	650
	10

	3
	500
	10

	4
	300
	50

	5
	200
	30


· Scenario 2 and 4 shall be considered with high priority. 
· Dmin for [5m, 20, 30 and 50 meters] if found to be necessary
· DRRH_height: 15m as basic assumption;
· [10,20m] if found to be necessary 
· DUE_height: 5m.
· Tunnel Deployment Scenario
· RAN4 further study tunnel deployment scenario for FR2 HST.
· Subcarrier Spacing
· Option-1: SCS = 120kHz
· Option-2: Consider both SCS = 120kHz and 60kHz.
· WF2: Deployment Scenario: SFN
· RAN4 consider unidirectional SFN for FR2 HST, i.e., one panel per RRH pointed to the same direction for all RRHs.
· RAN4 consider bidirectional SFN with 
· one panel per RRH, i.e., signals to opposite directions along tracks
· two panels per RRH.
· SFN needs to be further clarified:
· SFN Interpretation-1: All RRHs under one BBU transmit the same signal.
· Selected RRH(s) for TX, depending on DPS Tx mode is used or not.
· SFN Interpretation-2: All RRHs under one BBU in the same cell ID, but for different TCI.
· Other interpretation is not precluded.
· WF3: Deployment Scenario: RRH parameters
· Number of RRH sites per BBU:
· [1 to 4] RRHs sites per BBU
· Other values are not precluded;
· Depending on companies’ further feasibility study on SFN deployment scenario.  
· Number of Analog Beams per panel in RRH:
· [1,2,4] analog beam(s) per panel in RRH
· Other values are not precluded;
· Depending on companies’ further feasibility study on link-budget and mobility
· SSB index to Beam Mapping: 
· FFS the impact of following options for SSB index to Beam mapping: 
· Option 1: 
· All RRHs (connected to one BBU with fiber) share the same cell ID
· All RRHs under the same cell use the same set of SSB indexes, e.g., all RRHs use SSB-0 to SSB-3. 
· Option 2: 
· All RRHs (connected to one BBU with fiber) share the same cell ID
· RRHs under the same cell use the different sets of SSB indexes, e.g., RRH-1 uses SSB-0 to SSB-3, RRH-2 uses SSB-4 to SSB-7. 
· RRH antenna array orientation: 
· FFS the impact of following options for RRH antenna array orientation: 
· Option 1: RRH panel boresight pointed to the railway in the middle point between 2 RRHs 
· Option 2: RRH panel boresight pointed to the railway at the distance of Ds (projection of the neighboring RRH on the railway)
· Other option is not precluded. 
· WF4: Deployment Scenario: CPE Parameters
· Number of panels per CPE:
· FFS the number of panel(s) per CPE: 
· To be combined with the analysis on uni-/bi-directional SFN. 
· The number for TX panel(s) and RX panel(s) could be discussed separately. 
· Placement of CPE panel(s): 
· FFS the placement of CPE panels, i.e., the bore-sight direction(s) of CPE panel(s)
· Number of CPE devices:
· FFS the impact of the number of CPE per train/carriage on RAN4 requirement.
· WF5: Evaluation Parameters
· RRH antenna array parameters for evaluation:
· RAN4 perform FR2 HST feasibility study based on following RRH antenna array parameters for evaluation: 
· RAN1 assumption: 2 ports: [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2] 
· 2 ports: [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
· Other options are not precluded. 
· RRH antenna element parameters for evaluation:
· RAN4 use the following RAN1 assumption for BS evaluation as baseline:
	Radiation power pattern of a single antenna element for TRP
	Vertical cut of the radiation power pattern (dB)
	


	
	Horizontal cut of the radiation power pattern (dB)
	


	
	3D radiation power pattern (dB)
	


	
	Maximum directional gain of an antenna element GE,max
	 [8] dBi


· Other assumptions are not precluded. 
· UE antenna array parameters for evaluation:
· RAN4 perform FR2 HST feasibility study based on following UE antenna array parameters for evaluation: 
· RAN1 assumption: 2 ports: [Mg, Ng, M, N, P]=[1, 1, 2, 4, 2] 
· PC4 assumption: 2 ports: [Mg, Ng, M, N, P]=[1, 1, 4, 4, 2]
· Other options are not precluded. 
· UE antenna element parameters for evaluation:
· RAN4 use the following RAN1 assumption for UE evaluation as baseline:
	Parameter
	Values

	Antenna element radiation pattern in  θ’’ dim (dB)
	


	Antenna element radiation pattern in ϕ’’ dim (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5dBi


· WF6: Channel Modeling
· Pathloss model used for link budget evaluation:
· RAN4 further study the pathloss model to be used for link budget evaluation: 
· Option-1: TR38.901 RMa LoS (baseline option)
· Option-2: free space model
· Option-3: TR38.901 UMa LoS 
· Channel modelling for performance requirements:
· RAN4 further study the channel modeling for performance requirement: 
· Option 1: single-tap per RRH channel model in UL direction and both single- and multi-tap models in DL direction.
· Other options are not precluded, which could depends on deployment scenario discussion. 
· WF7: FR2 Feasibility Evaluation
· RAN4 perform feasibility study on FR2 HST scenario, by at least considering: 
· The feasibility of a deployment based the beam dwelling time and measurement period framework.
· How many beams/SSBs per RRH can be deployed (given other deployment parameters such as Dmin, Ds, speed etc) while maintain mobility performance with FR2 BM mechanism?
· How much beam refinement is needed to achieve coverage and mobility? 
· How much beam overlapping area is needed (given other deployment parameters such as Dmin, Ds, speed etc) to ensure beam refinement procedure can be executed successfully?
· Study throughput performance and mobility performance.
· More number of analog beams and sharper beam may provide better link budget performance but more challenging on mobility performance. 
· Receive timing difference;
· Maximum supported Doppler shift for both UL and DL and maximum supported UE speed;
· Other feasibility study is not precluded.


In this contribution, we would like to further provide our simulation results on FR2 high speed train deployment scenario, which is provided with the accompanying discussion paper [6]. 
Uni-directional RRH Deployment Scenarios
For uni-directional RRH deployment scenarios, based on our analysis provided in the accompanying discussion paper, our views towards different uni-direcitonal RRH deployment can be found in the following table copied from [6]: 

Table 2-1 Summary of FR2 HST Uni-directional RRH Deployment Scenarios provided in [6]
	Scenario
	Transmit configuration 
	Support in R15
	Support in R16
	Views from Samsung [6]

	
	SSB
	TRS
	PDCCH/
PDSCH
	Illustrative Figure
	
	
	

	Uni-directional RRH Deployment

	JT for all channels – Full SFN
	Joint Tx
	Joint Tx
	Joint 
Tx
	

	Yes
	Yes
	No benefits observed, unless only 1 fixed beam per RRH

	Dynamic Point Selection (DPS)
	DPS
	

	Yes
	Yes
	Both Scheme DPS 1a and 1b seems reasonable, but don’t require UE to track more than 2 activated TCI.

	Multi-DCI based Multi-TRxP Transmission
	DPS
	DPS
	Multi-DCI Tx
	

	No
	Yes
	Don’t see benefits compared with DPS scheme 1b.



Based upon our analysis as above given in [6], we would like to provide our simulation results in the following two uni-directional scenarios in Section 2.2 and 2.3. Specifically, we provide the result for (1) Single analog beam per RRH (2) Multiple analog beams per RRH (i.e., four beams in our evaluation), while the detailed deployment scenarios are provided with fine-tuned parameters. 

Common Parameters for Uni-directional Cases
In the following table, we provide the common parameters used for the following two uni-directional cases in Section 2.2 and 2.3. 
Table 2.1-1 Common Parameters for Uni-directional Cases
	Parameter
	Value

	Carrier frequency
	28 GHz

	Dmin
	10 m

	Ds
	650 m

	RRH parameters

	RRH height
	15 m

	RRH Tx Power
	31 dBm

	RRH antenna array model
	[Mg, Ng, M, N, P]=[1, 1, 4 or 8, 8, 2]
8dBi per element antenna gain

	RRH panel orientation
	Azimuth angle: 0.9 degree 
Down-titling: 1.3 degree
(i.e., RRH panel boresight pointed to the railway at the distance of Ds (projection of the neighboring RRH on the railway))

	Number of RRH sites per BBU
	4

	Number of RRH panels per RRH sites
	1 (i.e., uni-directional)

	Number of Analog Beams per RRH
	1 or 2

	Propagation model
	RMa LOS

	UE parameters

	UE antenna height
	5m



Specifically, for the 5 scenarios mentioned in WF [5], we choose the medium scenario from Scenario 1-3 for uni-directional deployment, which match better operators’ requests for uni-directional RRH deployment scenario. Furthermore, RRH panel is pointed to the railway at the distance of Ds (projection of the neighboring RRH on the railway)) to make sure the cell coverage in the far end. 
Proposal 1: For uni-directional RRH deployment, the following Scenario-2 with the other parameters are chosen as the default scenario for feasibility analysis. 
Table 2.1-2 Common Parameters for Uni-directional Cases
	Parameter
	Value

	Dmin
	10 m

	Ds
	650 m

	RRH height
	15 m

	Number of RRH sites per BBU
	4

	Number of RRH panels per RRH sites
	1 (i.e., uni-directional)

	Number of Analog Beams per RRH
	1 or 2

	RRH panel orientation
	Azimuth angle: 0.9 degree 
Down-titling: 1.3 degree
(i.e., RRH panel boresight pointed to the railway at the distance of Ds (projection of the neighboring RRH on the railway))



Single-Beam-per-RRH for Joint Transmission
As analyzed in our accompanying discussion paper, for uni-directional RRH deployment, joint-transmission (JT) for all channels, i.e., full SFN, can be regarded as reasonable if there is just one fixed analog beam per RRH.  As shown in the following figures, with RRH antenna array model chosen from (1) [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2] and (2) [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2], in the subsection 2.2.1 and 2.2.2 respectively. For both cases, we choose the boresight direction as the beam direction, i.e., beam’s theta = 0 degree and beam’s phi = 0 degree relative to RRH panel. 

RRH M = 8 (for # of rows in RRH Antenna Array)
[image: ]
Figure 2.2.1-1 Received power without UE beamforming for M=8, Single-Beam per RRH

RRH M = 4 (for # of rows in RRH Antenna Array)
[image: ]
Figure 2.2.2-1 Received power without UE beamforming for M=4, Single-Beam per RRH
Based on the above results for single beam per RRH, it has been demonstrated that wider analog beam (i.e., M=8) can provide better coverage for the farthest point, i.e., the range near the neighboring RRH. Furthermore, for both M=4 and M=8, the received signal can provide around 30 dB margin above the currently specified PC4 REFSENS requirements, i.e., -94dBm with 100MHz bandwidth. 
Observation 1: For uni-directional RRH deployment, even with single analog beam per RRH, there is still around 30dB margin compared against PC4 REFSENS requirement.  

Multi-Beam-per-RRH for DPS
As analysed in the accompanying discussion paper, we assume the DPS scheme based Rel-15 NR mechanism is also reasonable for uni-directional RRH deployment. Similar to single-beam per RRH case, we also simulate RRH antenna array model chosen from (1) [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2] and (2) [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2], in the subsection 2.3.1 and 2.3.2 respectively. 
With the beamforming parameters selected as below, we have two beams to be directed as 
     (1) Beam-1 to provide coverage for the range near RRH site, i.e., beam-1’s theta = 11 degree and beam-2’s phi = 9 degree relative to RRH panel; 
     (2) Beam-2 as boresight direction point to the railway at the distance of Ds (i.e., the projection of the neighboring RRH on the railway), i.e., beam-2’s theta = 0 degree and beam-2’s phi = 0 degree relative to RRH panel.

RRH M = 8 (for # of rows in RRH Antenna Array)
[image: ]
Figure 2.3.1-1 Received power without UE beamforming for M=8, Two-Beam per RRH

RRH M = 4 (for # of rows in RRH Antenna Array)
[image: ]
Figure 2.3.2-1 Received power without UE beamforming for M=4, Two-Beam per RRH
Based on the above results for cases with two beams per RRH, it has been demonstrated that adding one beam (i.e., beam-1 in above cases) can further provide coverage for the track area near its own RRH site, thus with DPS utilized, better performance can be achieved compared with single-beam-per-RRH cases. 
Observation 2: For uni-directional RRH deployment, with two analog beams configured per RRH panel for DPS scheme, better performance can be obtained for the track area near its own RRH site, compared with single-beam-per-RRH scenarios.  

Bi-directional RRH Deployment Scenarios
For bi-directional RRH deployment scenarios, based on our analysis provided in the accompanying discussion paper, our views towards different bi-direcitonal RRH deployment can be found in the following table copied from [6]: 

Table 3-1 Summary of FR2 HST Bi-directional RRH Deployment Scenarios provided in [6]
	Scenario
	Transmit configuration 
	Support in R15
	Support in R16
	Views from Samsung [6]

	
	SSB
	TRS
	PDCCH/
PDSCH
	Illustrative Figure
	
	
	

	Bi-directional RRH Deployment

	JT for all channels – Full SFN
	Joint Tx
	Joint Tx
	Joint 
Tx
	

	Yes
	Yes
	Not reasonable scheme, should be precluded

	Dynamic Point Selection (DPS)
	DPS
	

	Yes
	Yes
	Both Scheme DPS 1a and 1b seems reasonable, but don’t require UE to track more than 2 activated TCI.

	Multi-DCI based Multi-TRxP Transmission
	DPS
	DPS
	Multi-DCI Tx
	

	No
	Yes
	Don’t see benefits compared with DPS scheme 1b.



Based upon our analysis as above given in [6], for bi-directional RRH deployment, DPS (both scheme 1a and 1b) can be considered as the reasonable deployment scheme.
Common Parameters for Bi-directional Cases
In the following table, we provide the common parameters used for the following two bi-directional cases in Section 3.2.1 and 3.2.2 corresponding to two Scenarios, i.e., Scenario-2: Ds = 650m and Dmin = 10m, and Scenario-4: Ds = 300m and Dmin = 50m.
Table 3.1-1 Common Parameters for Bi-directional Cases
	Parameter
	Value

	Carrier frequency
	28 GHz

	Ds and Dmin
	Scenario-2: Ds = 650m and Dmin = 10m
Scenario-4: Ds = 300m and Dmin = 50m

	RRH parameters

	RRH height
	15 m

	RRH Tx Power
	31 dBm

	RRH antenna array model
	[Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
8dBi per element antenna gain

	RRH panel orientation
	Scenario-2: Azimuth angle:  1.8 degree 
                Down-titling: 2.6 degree
Scenario-4: Azimuth angle: 18.4 degree 
                Down-titling: 5.4 degree
(i.e., RRH panel boresight pointed to the railway in the middle point between 2 RRHs)

	Number of RRH sites per BBU
	4

	Number of RRH panels per RRH sites
	2 (i.e., bi-directional)

	Number of Analog Beams per RRH
	2

	Propagation model
	RMa LOS

	UE parameters

	UE antenna height
	5m


Specifically, we just simulate both Scenario-2 and 4, because Scenario-2 can be regarded as the medium scenario from Scenario 1-3 in which RRH is deployed very near to the train track, while Scenario-4 is selected because some country has the regulation on the minimum value of Dmin. 
Because bi-directional RRH deployment is considered in this section, two beams per RRH panel is considered for DPS scheme in our analysis, thus making a smaller range covered by each beam, compared with uni-directional RRH deployment. Therefore, we only use [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2] for sharper analog beam formed from RRH panel to avoid additional work load for simulating M=4 case. 
Furthermore, RRH panel is pointed to the railway in the middle point between 2 RRHs, therefore with signals coming from two directions, the train track can be well covered. 
Proposal 2: For bi-directional RRH deployment, the following Scenario-2 and 4 with the other parameters are chosen as the default scenario for feasibility analysis. 
Table 3.1-2 Common Parameters for Bi-directional Cases
	Parameter
	Value

	Ds and Dmin
	Scenario-2: Ds = 650m and Dmin = 10m
Scenario-4: Ds = 300m and Dmin = 50m

	RRH height
	15 m

	Number of RRH sites per BBU
	4

	Number of RRH panels per RRH sites
	2 (i.e., bi-directional)

	Number of Analog Beams per RRH
	2

	RRH panel orientation
	Scenario-2: Azimuth angle: 1.8 degree 
                Down-titling: 2.6 degree
Scenario-4: Azimuth angle: 18.4 degree 
                Down-titling: 5.4 degree
(i.e., RRH panel boresight pointed to the railway in the middle point between 2 RRHs)



Multi-Beam-per-RRH for DPS
In the following Section 3.2.1 and 3.2.2, we would like to provide the evaluation results for multi-beam per RRH case, which is intended to be used for DPS, under Sceanrio-2 and Scenario-4 respectively. 

Scenario-2 (Ds = 650m and Dmin = 10m)
[image: ]
Figure 3.2.1-1 Received power without UE beamforming for M=8, two beams per RRH panel, Scenario-2
In this case of Scenario-2, in the middle point between two neighboring RRH sites, it can be shown that two beams per RRH panel can provide the received signal strength with around 38 dB margin above the currently specified PC4 REFSENS requirements, i.e., -94dBm with 100MHz bandwidth. 
However, in the area near RRH sites, the coverage is not good due to the analog beamforming can’t be pointed to this area. Unless, we use the neighboring RRH to serve this area (i.e., beam-2 from RRH2p2, i.e., panel 2 from RRH site 2), UE will experience radio link failure in the area under RRH site. 
Scenario-4 (Ds = 300m and Dmin = 50m)
[image: ]
Figure 3.2.2-1 Received power without UE beamforming for M=8, two beams per RRH panel, Scenario-4
In this case of Scenario-4, similarly to Scenario-2, we also observed the coverage problem around the area near RRH sites, because this area is only served by side-lobe of beam-1 with limited performance. Also, we can consider to use the neighboring RRH to serve this area.  
Observation 3: For bi-directional RRH deployment with Sceanrio-2 (Ds = 650m and Dmin =10m) and Sceanrio-4 (Ds = 300m and Dmin =50m), it is hard to have satisfactory signal strength in the train track area around each RRH site. 

Conclusion
In this contribution, we provided our simulation results on FR2 high speed train deployment scenario, with the following proposals and observations obtained. 
For Uni-directional RRH deployment: 
Proposal 1: For uni-directional RRH deployment, the following Scenario-2 with the other parameters are chosen as the default scenario for feasibility analysis. 
Table 2.1-2 Common Parameters for Uni-directional Cases
	Parameter
	Value

	Dmin
	10 m

	Ds
	650 m

	RRH height
	15 m

	Number of RRH sites per BBU
	4

	Number of RRH panels per RRH sites
	1 (i.e., uni-directional)

	Number of Analog Beams per RRH
	1 or 2

	RRH panel orientation
	Azimuth angle: 0.9 degree 
Down-titling: 1.3 degree
(i.e., RRH panel boresight pointed to the railway at the distance of Ds (projection of the neighboring RRH on the railway))



Observation 1: For uni-directional RRH deployment, even with single analog beam per RRH, there is still around 30dB margin compared against PC4 REFSENS requirement.  
Observation 2: For uni-directional RRH deployment, with two analog beams configured per RRH panel for DPS scheme, better performance can be obtained for the track area near its own RRH site, compared with single-beam-per-RRH scenarios.  

For bi-directional RRH deployment: 
Proposal 2: For bi-directional RRH deployment, the following Scenario-2 and 4 with the other parameters are chosen as the default scenario for feasibility analysis. 
Table 3.1-2 Common Parameters for Bi-directional Cases
	Parameter
	Value

	Ds and Dmin
	Scenario-2: Ds = 650m and Dmin = 10m
Scenario-4: Ds = 300m and Dmin = 50m

	RRH height
	15 m

	Number of RRH sites per BBU
	4

	Number of RRH panels per RRH sites
	2 (i.e., bi-directional)

	Number of Analog Beams per RRH
	2

	RRH panel orientation
	Scenario-2: Azimuth angle: 1.8 degree 
                Down-titling: 2.6 degree
Scenario-4: Azimuth angle: 18.4 degree 
                Down-titling: 5.4 degree
(i.e., RRH panel boresight pointed to the railway in the middle point between 2 RRHs)


Observation 3: For bi-directional RRH deployment with Sceanrio-2 (Ds = 650m and Dmin =10m) and Sceanrio-4 (Ds = 300m and Dmin =50m), it is hard to have satisfactory signal strength in the train track area around each RRH site. 
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