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1	Introduction
RAN4#107 and #RAN4#108 discussed the channel models for the tunnel deployment scenario and also discussed whether to define UE/BS demodulation requirements for the tunnel deployment scenario [1]. This contribution continues to discuss the tunnel deployment scenario for FR2 HST.
	Issue 4-1-1: Whether to define UE demodulation requirements for tunnel deployment scenario in FR2 HST
· Option 1
· UE demodulation requirements can be defined only if new channel model with multi-path propagation introduced.
· Option 2 
· RAN4 does not define PDCSH demodulation requirements for Tunnel scenario.
· Option 3
· RAN4 does not define PDCSH demodulation requirements for Tunnel scenario. If no meaningful difference in between open space and tunnel deployments is indicated, no new tunnel propagation conditions need to be introduced and conformance can be concluded based on open-space requirements, e.g., in HST FR2 Scenario A with two-panel reception.
· Option 4 
· If PDSCH requirements with DPS transmission scheme is introduced, the DPS 1a and 1b can be considered for Uni-directional and Bi-directional scenario, separately
Issue 4-1-2: Whether to define BS demodulation requirements for tunnel deployment scenario in FR2 HST
· Option 1 
· BS demodulation requirements can be defined only if new channel model with multi-path propagation introduced.
· Option 2 
· If PUSCH requirement is introduced, single set requirement for PUSCH in tunnel scenario based on Bi-directional scenario in the tunnel scenario could be considered
· Option 3 
· RAN4 does not define PUCSH demodulation requirements for Tunnel scenario.
· Option 4 
· If found to be needed, introduce single set requirement for PUSCH in tunnel scenario based on uni-directional scenario with tunnel-specific parameters.


 
2	Discussion
2.1	Channel models for the tunnel scenario
As we discussed so far, channel models are usually studied and defined in RAN1. Although RAN4 develop the channel models, they are limited to LOS-based model with varying Doppler shift according to deployment scenario such as high-speed train (HST) or Air-to-ground (ATG) scenarios. Since FR2 HST WI is RAN4-led WI and RAN1 is not involved with the discussion, the channel models for the tunnel scenario should be LOS-based.
According to [1] , RAN4 has assumed two candidate channel model options to evaluate both UE and BS demodulation performance, as shown in Appendices A.1 and A.2 [1]. Figure 1 illustrates the tunnel deployment scenarios and Table 1 shows the parameters such as Ds and Dmin. Figure 2 compares the Doppler shift trajectories for UE case. 
As shown in Figure 2, the difference between two options is the Doppler shift dips when UE (train) switches the serving transmitter. The Option 1 does not drop the Doppler shift so much, but the Option 2 model suddenly reverts the Doppler shift from +9722 to -9722 Hz, and then back to +9722Hz quickly. We expect the Option 2 is more challenging especially for UE to track the Doppler shift compared with Option 1, however from the network deployment point of view, Option 1 is more realistic. 
	


	(a) Tunnel deployment scenario option 1.

	


	(b) Tunnel deployment scenario option 2. 


[bookmark: _Ref145336204]Figure 1	Tunnel deployment scenario options. 

[bookmark: _Ref139983389]Table 1: Tunnel deployment scenario parameters
	Parameters
	Values

	Ds
	700 m

	Dmin
	1 m

	v
	350 km/h

	fd
	9722 Hz for UE
19444 Hz for BS

	fc
	30 GHz

	Ds_offset
	5 m
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[bookmark: _Ref139983397]Figure 2	Doppler shift trajectory for Tunnel scenario (UE scenario, fmax=9722Hz). 

2.2	UE demodulation performance for Tunnel scenario
To evaluate the Tunnel channel models Option 1 and Option 2, we ran the simulation for PDSCH. Table 2 is the simulation parameters for evaluation, and they are same configuration as Rel-17 FR2 HST-DPS requirements (TS38.101-4 7.7.2.2.4).
[bookmark: _Ref139984919]Table 2	PDSCH simulation parameters for FR2 HST Tunnel scenario
	Parameters
	Values

	Carrier frequency 
	30 GHz

	SCS/CBW
	120kHz / 200MHz

	Antenna configuration
	2x2

	TDD Pattern
	DDDSU, S=10D2G2U
Schedule PDSCH in special slots

	TRS periodicity
	10 ms (80 slots)

	MCS/Rank
	MCS 17, Rank 2

	Number of additional DMRS 
	2


 
Figure 3 compares the PDSCH simulation results between the Tunnel channel model options 1 and 2. Since the model is very close to Rel-17 HST-DPS Uni-directional scenario (TS 38.101-4 B.3.4.1), we have also shown the PDSCH simulation results with HST-DPS-FR2-UNI-A (Ds=700m, Dmin=10m, and Ds_offset=10m) for comparison.
As it is observed from the simulation results, we don’t see any significant performance difference among all the channel models. Moreover, we observe the performances of Option 1 and HST-DPS-FR2-UNI-A are exactly same. We can conclude that the impacts with parameter differences of Dmin (1m vs. 10m) and Ds_offset (5m vs. 10m) are negligible considering UE can only estimate Doppler shift with TRS every 10ms.
We have observed the slight performance loss for option 2, for example, the peak rate is not reached because the UE cannot track the sudden Doppler shift jump since the TRS period is 10ms. However as shown in Figure 2, the Doppler shift jump does not happen very often during the test (simulation) time, and therefore the impact to the total PDSCH throughput performance (e.g., SNR to achieve 70% of the peak rate) is also negligible.
[image: ][image: ]
	(a) Throughput overview
	(b) Throughput around SNR=10dB


[bookmark: _Ref139986108]Figure 3	PDSCH simulation results for Tunnel scenario.

Observation 1: PDSCH demodulation performance with Tunnel model option 1 is same as Rel-17 HST-DPS Uni-directional Scenario A.
Observation 2: Doppler shift jump in option 2 impacts to the PDSCH performance, but the impact to total PDSCH throughput performance is negligible.
From the observations, we don’t think RAN4 need to define new UE demodulation requirements assuming the Tunnel scenario. In RAN4#108, one of the arguments to define the UE demodulation requirements is to test coverage. On the other hand, we think the purpose of the RAN4 demodulation performance requirements is to verify the RF and baseband processing performance for physical layer specification specified by RAN1. We don’t think it is necessary to add new test cases just for different parameters such as Dmin since we observe any performance difference. 
Proposal 1: RAN4 does not define PDCSH demodulation requirements for Tunnel scenario.

2.3	BS demodulation performance for Tunnel scenario
We have also run the PUSCH demodulation simulation using the Tunnel models. In Rel-17, RAN4 defined two sets of PUSCH demodulation requirements for HST scenario according to the additional DMRS position configurations, that is pos0 and pos1/pos2, as shown in Table 3. 
[bookmark: _Ref141715844]Table 3	PUSCH simulation parameters for FR2 HST Tunnel scenario 
	Parameters
	Test 1
	Test 2

	Carrier frequency 
	30 GHz

	SCS/CBW
	120kHz / 200MHz

	Antenna configuration
	1x2

	Transform precoding
	Disabled

	FRC (TS38.104)
	G-FR2-A10-2 (MCS19, Rank 1)
	G-FR2-A10-4 (MCS19, Rank1)

	Additional DMRS position
	pos0 (1 DMRS)
	pos1 (1+1 DMRS)


 
[image: ][image: ]
	(a) Test 1: Additional DMRS position = pos0
	(b) Test 2: Additional DMRS position = pos1


[bookmark: _Ref142397547]Figure 4	PUSCH simulation results for Tunnel scenario.
Figure 4 compares PUSCH demodulation results among Scenario 4-BI-NR350-FR2, Tunnel model option 1 and Tunnel model option 2. Like PDSCH demodulation results, we don’t see significant performance difference among those channel models regardless of 1 DMRS or 2 DMRS.
Observation 3: PUSCH demodulation performance with Tunnel model option 1 and option 2 are same as Rel-17 FR2 Scenario 4-BI-NR350.
From the observation, we don’t think RAN4 need to define new PUSCH demodulation requirements assuming the tunnel scenario.
Proposal 2: RAN4 does not define PUCSH demodulation requirements for Tunnel scenario.
3	Summary
Observation 1: PDSCH demodulation performance with Tunnel model option 1 is same as Rel-17 HST-DPS Uni-directional Scenario A.
Observation 2: Doppler shift jump in option 2 impacts to the PDSCH performance, but the impact to total PDSCH throughput performance is negligible.
Proposal 1: RAN4 does not define PDCSH demodulation requirements for Tunnel scenario.
Observation 3: PUSCH demodulation performance with Tunnel model option 1 and option 2 are same as Rel-17 FR2 Scenario 4-BI-NR350.
Proposal 2: RAN4 does not define PUCSH demodulation requirements for Tunnel scenario.
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Appendix
A.1	Uni-directional scenario Option 1


A.2	Uni-directional scenario Option 2
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