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[bookmark: _Toc116995841]Introduction
Channel models for demodulation performance evaluation in HST FR2 Enhanced needs to be discussed due to the introduction of multi-RX reception in Rel-18 [1]:
	· 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 paper, we do not consider tunnel deployment because it already covered in our accompanying paper [2]. Moreover, based on the discussion in our paper [3] on BS demodulation requirements we also do not think that any new HST channel models need to be introduced for UL.
Therefore, this paper is devoted to the discussion of new channel models for simultaneous multi-panel reception in DL, i.e., for UE demodulation requirements.

[bookmark: _Toc116995842]Discussion
In Rel-17, channel models for High Speed train FR2 scenario were defined in TS 38.101-4, Clause B.3.4 FR2 HST-DPS Channel Profile. Two models are introduced:
1) Unidirectional deployment where the train is travelling in the direction opposite to the serving beam
[image: ][image: ]
Figure 1: HST FR2 Unidirectional deployment (left) and corresponding Doppler shift trajectory (right).
2) Bidirectional deployment where the CPE is served by the next closest RRH
[image: ][image: ]
Figure 2: HST FR2 Bidirectional deployment (left) and corresponding Doppler shift trajectory (right).

Thus, the main objective of the HST PDSCH requirements where these models are used is to verify that the UE receiver can efficiently coupe with considerable changed in the Doppler shift.
In Rel-18, the main difference is that that transmission of PDSCH takes place simultaneous from two RRHs to the different panels of the CPE (Figure 3).


[bookmark: _Ref131784061]Figure 3: Simultaneous two-panel reception in DL.
If it can be assumed that the CPE is equipped with at least two independent RX chains, and transmissions for both panels are scheduled independently of each other (multi DCI), and, additionally, receptions, demodulation, FO, TO estimation, etc. of the signals can be done independently per panel at the CPE, then bi-directional scenario with simultaneous reception can be interpreted as a combination of two uni-directional scenarios. Hence, for such a case testing of CPE can be arranged per panel, and already existing uni-directional model can be reused.
[bookmark: _Toc131786602]In the case when CPE is equipped with independent RX chains per panel, and PDSCH transmissions are also scheduled independently (mDCI), testing can be arranged per CPE panel and existing uni-directional channel model can be reused.

However, in the case when simultaneous PDSCH transmissions are dependent on each other, e.g., single DCI (sDCI) scheme is used that assumes that one codeword is received by two different panels, a new channel model will be needed. Indeed, it will be necessary to take into account the dependency in between the transitions coming from two different RRHs. Even though HST-SFN channel profile introduced for HST in FR1 assumes transmission of the same PDCCH&PDSCH to the UE from different RRHs, it can be used as a reference for the new HST FR2 channel model.
[bookmark: _Toc131786603]A new HST FR2 channel models is needed for sDCI-based simultaneous reception. HST-SFN channel profile that defines relative power, Doppler shift and absolute delay trajectories per RRH can be used as a reference.
A few additional factors need confirmation for the design of such a model. Firstly, it is necessary to agree what is the distance in between the CPE panels because this will impact the offsets in between the per-RRH trajectories. In our view, it is reasonable to assume that the CPE panels are collocated.
[bookmark: _Toc131786604]Assume that CPE panels are collocated.

Secondly, if any interference is assumed in between the CPE panels it may further complicate channel modelling. Since CPE panels are oriented in the opposite directions, we think that it reasonable to agree that no interference in between the CPE panels needs to be modelled.
[bookmark: _Toc131786605]Do not assume any interference in between CPE panels.

Finally, there are still ongoing discussions in the RRM track whether there are HST FR2 CPE types that support MRTD of below CP only. In this case, channel modelling might need to take into account a possibility of switching from multi-panel reception to single-panel reception.
[bookmark: _Toc131786606]Follow the agreements on MRTD in RRM track to consider switching from multi-panel reception to single panel reception.

[bookmark: _Toc116995848]Conclusion
In this paper we analysed a need to introduce new HST FR2 open-space channel models for the demodulation performance requirements of CPEs capable of simultaneous two-panel reception.
The following Proposals were made:

Proposal 1: In the case when CPE is equipped with independent RX chains per panel, and PDSCH transmissions are also scheduled independently (mDCI), testing can be arranged per CPE panel and existing uni-directional channel model can be reused.
Proposal 2: A new HST FR2 channel models is needed for sDCI-based simultaneous reception. HST-SFN channel profile that defines relative power, Doppler shift and absolute delay trajectories per RRH can be used as a reference.
Proposal 3: Assume that CPE panels are collocated.
Proposal 4: Do not assume any interference in between CPE panels.
Proposal 5: Follow the agreements on MRTD in RRM track to consider switching from multi-panel reception to single panel reception.
[bookmark: _Toc116995849]
References
[1] [bookmark: _Ref114500673][bookmark: _Ref131763779]RP-220985, New WID on enhanced NR support for high speed train scenario in frequency range 2 (FR2), RAN #95e, Electronic Meeting, March 17-23, 2022.
[2] [bookmark: _Ref131769863]R4-2304278, On Demodulation aspects of Tunnel Deployment Scenarios in HST FR2 Enhanced, Nokia, Nokia Shanghai Bell, Electronic Meeting, April 17 – 26, 2023.
[3] [bookmark: _Ref131780795]R4-2304277, HST FR2 Enhanced BS Demodulation Requirements, Nokia, Nokia Shanghai Bell, Electronic Meeting, April 17 – 26, 2023.
image1.png
\/

Ds

ARz

\

RRiLseryng e

st




image2.emf
0 500 1000 1500 2000 2500

Train Position [m]

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

D

o

p

p

l

e

r

 

S

h

i

f

t

 

[

H

z

]

RRH #k-1

RRH #k

RRH #k+1

RRH #k+2

RRH #k+3


image3.png
S





image4.emf
0 500 1000 1500 2000 2500

Train Position [m]

-10000

-8000

-6000

-4000

-2000

0

2000

4000

6000

8000

10000

D

o

p

p

l

e

r

 

S

h

i

f

t

 

[

H

z

]

RRH #k-1

RRH #k

RRH #k+1

RRH #k+2

RRH #k+3


image5.emf

Microsoft_Visio_Drawing.vsdx





