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Introduction
During RAN#89-e, a WI was approved relating to developing high speed train requirements for FR2. 
Part of the WI objectives is to evaluate if PC4 UE requirements need to be updated. 
Objective on UE core requirement copied from the WID in [1]:
· Specify the UE RF core requirements for power class 4 if identified 
· Introduction for beam correspondence requirements for PC4 if identified 

UE RF WF at RAN4#98-bis-e
At RAN4#98-bis-e a WF on HST for FR2 was agreed in R4-2105491[3]. UE RF parts of the WF is with regards to Framework, Min peak EIRP and Spherical coverage are summarized below.
Way Forward – UE RF Requirement Framework
Further discuss on RF requirement framework for FR2 HST UE: 
· FFS multiple RF requirement sets based on different scenarios or different implementations
Way Forward – Minimum Peak EIRP
Antenna elements per panel
· Baseline for requirement derivation: 4x4 with two polarization, TRP max = 23dBm
· Other options are not precluded. 
Minimum peak EIRP derivation
· Option 1: Deciding EIRP based on number of antenna element following PC5 discussion:
· 4x4 antenna elements per panel with 30.X dBm min peak EIRP 
· Other antenna elements configurations are FFS 
· Option 2: adopt 30.x dBm min peak EIRP as agreed for PC5 
· 8 antenna elements per panel or 16 antenna elements per panel is assumed 
· Option 3: From UE implementation perspective, companies are encouraged to provide technical input based on the below table to derive minimum peak EIRP
Way Forward – Spherical Coverage Requirement
For spherical coverage requirement, FFS
· The x%-tile point in EIRP CDF: 
· # of panels, # of beams in beambook and x%-tile point need to consider how much spherical coverage is needed, based on deployment scenario analysis. 
· FFS different x%-tile point needed for different scenarios. 
· FFS detailed requirement for minimum EIRP value at x%-tile.

From earlier meetings [2] the following scenarios are proposed:
The following Deployment Scenarios with regards to distance between RRHs (Ds) and distance from track to RRH Dmin was changed to (see also figures 2-1 and 2-2 below):
	Scenario
	Ds (meter)
	Dmin (meter)
	Prioritization
	Note

	A
	700
	10
	Prioritised
	Changed from Original Scenario-2

	B
	700
	150
	Prioritised
	New Scenario (same as FR1 deployment)



Table 1.1-1: RRH Deployment scenarios

[bookmark: _Ref178064866]Discussion and investigation
Below are two general figures describing uni- and bi-directional deployment scenarios.
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Figure 2-1: Example of Uni-directional deployment
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Figure 2-2: Example of Bi-directional deployment

Considerations on beam patterns for HST FR2 UE/RRH

The impact of beam pattern and steering direction on coverage in FR2 has been investigated for the two scenarios A and B in chapter 1.1:
· Scenario A: BS 10m from track and 700m separation
· Scenario B: BS 150m from track and 700m separation
In the following clause some analysis is done with the following assumptions/inputs:
The Assumed array size is 8x8 for RRH and 4x4 for the UE. 
The results are expressed in terms of achievable UL SNR (assuming that UL is more coverage limited) considering 100MHz bandwidth, a UE TRP of 23dBm and BS RF NF of 10dB. 
General assumption is that DL SNR would only be better
A single panel and Beam without down tilt or azimuth steering for RRH/gNB Rx
A single panel and Beam with no steering is assumed for UE Tx
Uni-directional deployment (Figure 2-1) with both RRH/UE pointing parallel to the track.

Antenna radiation patterns as below:
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Analysis of Scenario A
In this clause some analysis is done, for scenario A, with the following assumptions/inputs:
The Assumed array size is 8x8 for RRH and 4x4 for the UE. 
The results are expressed in terms of achievable UL SNR (assuming that UL is more coverage limited) considering 100MHz bandwidth, a UE TRP of 23dBm and BS RF NF of 10dB. 
General assumption is that DL SNR would only be better
A single panel and Beam without down tilt or azimuth steering for RRH/gNB Rx
A single panel and Beam with no steering is assumed for UE Tx
Uni-directional deployment (Figure 2-1) with both RRH/UE pointing parallel to the track.

[bookmark: _Hlk67301125]Coverage patter of single RRH beam with Rma LoS propagation model as agreed in WF.
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Observation: 
· UL SNR is good except for the first 40m form the RRH
· UL SNR remains good beyond 700m from the RRH.
· Beams overlap from different RRH/gNB
Combined coverage pattern from two RRH/gNB beams with Rma LoS propagation model as agreed in WF.
The pattern below is for the best beam from preceding and next RRH/gNB (depending on direction of travel)
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Observation:
· There is at least 100m of overlap, with most probably enough time for switching RRH/gNB (1 sec for train traveling at 300km/h)
· This may be achieved with DPS or JT
· UL (and DL) coverage is good using only a single Tx/Rx beam


Analysis of Scenario B
In this clause some analysis is done, for scenario B, with the same assumptions/inputs as for scenario A with the following clarifications:
· Uni-directional deployment 
BS panel is oriented so that in azimuth the boresight points to the point on the track parallel to the next (or previous) BS. No downtilt.
UE panel is oriented so that in azimuth when parallel to one BS the boresight points towards the previous (or next) BS

Coverage patter of single RRH beam with Rma LoS propagation model assumed (even though not agreed as of now).
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Observation: 
· UL SNR is poor if the train is closer then 350m to the RRH/gNB to the corresponding parallel point to the track.

Combined coverage pattern from two RRH/gNB beams (one beam each). The pattern below is for the best beam from preceding and next RRH/gNB (depending on direction of travel)
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Observation:
· This may be achieved by means of DPS or JT
· DL SNR from previous cell will be >10dB over the whole of the next cell, so no issue with beam dwell/switching times
· UL (also DL) coverage is good at all points using only a single TX and RX beam 
· Questoin: is 15dB enough? Anyhow the UE power here is only 23dBm

Combined coverage pattern from two RRH/gNB beams (with 2 beams/RRH).
· To improve coverage, the usefulness of using 2 beams at the BS was investigated
· Beam 2 aims to provide coverage closer to the BS
· Still 1 UE beam
[image: ]
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Observation:
· Beam 2 can improve coverage for distances of 250-400m along the track, but cannot improve coverage for the 0-250m range
· Overall improvement compared to only 1 beam is better SNR for 250-300m; does not improve below 200m
Alternative UE/BS orientation.
· As an alternative to the previous scenario, orientation of the BS panel to be perpendicular to the track and UE panel to be perpendicular to the track was considered. Two problems arise:
· Problem 1: For positions close to the RRH/gNB, the coverage of each beam is quite narrow. Hence lots of beams and beam switching is needed
· Problem 2: When the UE is furthest from the RRH/gNB, steering of around 77 degrees in azimuth is needed for both BS and UE whilst at the same time pathloss is highest. This would lead to poor SNR
· Given these problems we conclude that alternative does not work and is therefore not considered further, and no more analysis is done.
More info on this can be found in the corresponding scenario papers.
Summary of conclusions
· For Scenario A, it is possible to achieve coverage along the track with a single beam at the BS and a single beam at the UE
· Can use JT or DPS. There is plenty of time for BS switching
· No UE spherical coverage needed (only one beam)
· Bi-directional does not provide any benefits compared to uni-directional
· Not needed to achieve better SNR; bi-directional needs twice as many panels
· Anyhow the beam must point to beyond the next BS to avoid loss of signal when passing a BS

· For Scenario B, it is possible to achieve good coverage with only 1 beam per UE and 1 beam per BS
· UL SNR is always better than 15dB. DL SNR will be better due to high BS transmit power. UL SNR could be improved with a more powerful UE than 23dBm.
· In this scenario, (no need for RRM improvements) or spherical coverage
· If two beams per BS (still one per UE) are applied, coverage is improved slightly in the 250-350m along the track range
· Improvement is not great
· Still no need for UE spherical coverage (only 1 UE beam))
· If three beams per BS and at least 2 beams per UE are used, coverage might increase further
· There is no benefit in considering alternative panel orientations
· Bi-directional does not appear useful; good SNR can be achieved with uni-directional and it would only need more panels/switching etc. Anyhow at least 1 beam will need to point beyond the next BS to avoid coverage loss near to the BS.


Observations and Proposals
Based on the summary in clause 2.2 we propose and observe the following: 
Observation 1: Single beam for UE seems feasible for both scenario A, two beams for scenario B could be considered.
Observation 2: The need for spherical coverage on the UE is limited
Observation 3: Bi-directional deployment is not suitable from a beam coverage point of view.

Proposal 1: Agree to have on UE beam for scenario A and 1-2 beams for scenario B
Proposal 2: UE requirement for spherical coverage shall be limited.
Proposal 3: Increase maximum output power for train mounted HST FR2 UEs.
Proposal 4: Continue with only uni-directional deployment in the work item, scale down the bi-directional deployment but possibly leave it for further HST FR2 investigations in later releases.

Observation 4: If the proposals 1-3 in this paper are agreed upon RAN4 should define a new PC class for HST FR2 UEs.
[bookmark: _In-sequence_SDU_delivery]References
RP-202118, WID, “New WID on NR support for high speed train scenario in FR2”, Nokia, Samsung
R4-2103240, “WF on NR support for HST in FR2”, Samsung 
[bookmark: _Hlk71546613]R4-2105491, “WF on UE RF requirement for FR2 HST”, Samsung 


	1/2	
image3.png
BS Azimuth

VAR

7

A K A
U U

\

UE azimuth

2
yARIEAN

-10 10 \al)/_go

|





image4.png
UISNR

40

30

20

10

-10

-20

Single beam coverage

100

200

300 400 500 600

Distance along track from BS (m)

700

800

900




image5.png
Covered from
RRH 1

ULSNR

20

10

-10

-20

1 beam, switch BS

100

\ Covered from

Switch of RRH 2
serving RRH
200 300 400 500 600 700 800

Distance of UE along track (m)

900




image6.png
UI'SNR (dB)

25
20
15
10

-10
-15
-20

Single beam coverage

——
L

Distance along track from BS (m)





image7.png
Covered from 1 beam, incl. previous BS

RRH 1 -
20
g1 N
= Covered from
50 Switch of RRH 2
s serving RRH
0
0 100 200 300 400 500 600 700

Distance along track (m)




image8.png
UISNR (dB)

Beam 1 coverage

Beam 2 coverage

25
2 /N
[ /
l 15
\/ \
400 6 800 120 10
Iﬂ\ | \
5
1 \ —
Distance along track from BS (m) o
200 400 600 800 1000

1200





image9.png
UI'SNR (dB)

3

g

Combined coverage 2 beams and previous BS

100 200 300 400 500 600

Distance along track (m)

700




image1.emf
Ds

2Ds

3Ds

Dmin

SOMEBRAND

UE

SOMEBRAND

UE

Potential Interference


image2.emf
Ds

2Ds

3Ds

Dmin

SOMEBRAND

UE

SOMEBRAND

UE


