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1	Introduction
RAN4#98bis-e agreed with the way forward on HST deployment scenario in FR2 [1]. This contribution discusses the open issues related to BS demodulation requirements, UL TA and PRACH requirements. 
2	Discussion
2.1	PUSCH requirements
2.1.1	Reference symbols to support 350km/h
	It is feasible to support maximum speed with 350km for uplink with PTRS or DMRS+PTRS configuration used for frequency offset tracking with 120KHz SCS
· Configure PTRS during the PUSCH demodulation test 
· DMRS+PTRS configuration for PUSCH demodulation requirement with single-tap channel model 
· Option 1: 1 DMRS +PTRS (L=1,K=2)
· Option 2: 1+1 DMRS +PTRS (L=1,K=2) 
· Option 3: 1+1+1 DMRS+PTRS(L=1, K=2) 
Carrier frequency for Doppler frequency calculation
· 30GHz



DMRS configuration for PUSCH demodulation requirement
During RAN4#98-bis-e meeting, it was mentioned by some companies that the intentions of configuring additional DM-RS symbols is not to provide improved FOE accuracies but rather to align with the configuration for Rel-15 PUSCH requirements. In our view, this is undesirable as the channel conditions expected under FR2 HST scenarios are always LOS and no fading is expected which is sufficient with only 1 DM-RS symbol for channel estimations. Additional DM-RS symbol(s) does not cover any additional scenarios but waste 1/14 or more of capacity. In practice, BS vendors will most likely implement single DM-RS symbol to avoid wasting capacity.
As discussed in our previous contribution [2], if fading should be considered at all, we believe TDLA30-75 would be sufficient to represent channel variations for FR2 HST. In Release-15 PUSCH requirements, numerous test cases were defined for TDLA30-75 channel for FR2 at high coding rate (i.e. MCS20). The performance differences between the test cases with no or 1 additional DM-RS symbol are less than 0.5 dB.
In the figure below, we also compare the performance difference for PUSCH with PT-RS + (1+0) DMRS and (1+1) DMRS symbols under HST channel. Our results showed that the performance difference is negligible with different DM-RS configurations.
[image: ]
Figure 1: Performance comparison for PUSCH configured with PT-RS + (1+0) DM-RS symbol and PT-RS + (1+1) DM-RS symbols.
[bookmark: _Ref71087073][bookmark: _Toc71087746]Observation 1: The performance difference is negligible for PUSCH configured with PT-RS + (1+0) DM-RS and PT-RS + (1+1) DM-RS symbols.
As HST CPEs are required to serve an in-train network, it would be preferrable to provide high data rates to CPEs with smaller overhead if channel conditions permit. In this sense, it is more advantageous to configure the channel without additional DM-RS symbols for data transmissions.
[bookmark: _Ref71087118][bookmark: _Toc71536252]Proposal 1: Assume (1+0) DM-RS + PT-RS configuration for PUSCH demodulation requirement with single-tap channel model. 
2.1.2	Test scope/setup for PUSCH demodulation requirements
Scenarios
	Requirement for scenario A or B
· Option 1: Define PUSCH demodulation requirements based on the worst case scenario 
· Option 2: Define PUSCH demodulation requirements only with one deployment scenario (A or B)
· Option 3: Define PUSCH demodulation requirements for both two scenarios if needed
· Consider output of FR2 HST Deployment scenarios discussion whether to cover scenario A and/or B



As shown in our simulation results (in Figure 2), phase variations experienced in HST channels can be estimated with sufficient accuracy and adequate performance can be achieved for both Scenario A and Scenario B with PT-RS based FOE. From this perspective and to reduce test effort, we think it is sufficient to set requirements only for the scenario that has more stringent Doppler shift requirements (i.e. Scenario A).
[bookmark: _Toc71536253]Proposal 2: Define test cases for Scenario A only.
[image: ][image: ]
[bookmark: _Ref71086773]Figure 2: PUSCH performance under Scenario A/B and uni/bi-directional deployments.

Other parameters
	· SCS&BW
· Option 1: 120KHz SCS with 50MHz, 100MHz or 200MHz
· Option 2: 120KHz SCS with 100MHz
· Option 3: 120KHz SCS with 200MHz
· Length of data symbol
· Option 1: 9
· Option 2: 10
· MCS
· Option 1: MCS16
· Option 2: MCS16 and MCS17
· Other options are not precluded



From capacity’s point of view, we do not think it’s practical for a BS intended for FR2 HST to support maximum bandwidth smaller than 100 MHz. Then, to avoid any possibilities that a BS may not be dimensioned for 200 MHz CBW, in our view, 100 MHz would be adequate for PUSCH configuration.
[bookmark: _Toc71536254]Proposal 3: Configure 100 MHz CBW for PUSCH demodulation requirements.
As PT-RS based FOE for FR2 HST has been agreed in RAN4#98bis-e meeting, the maximum Doppler support would not be dependent on the number of PUSCH symbols configured. From this perspective, it would be beneficial to configure PUSCH symbols to achieve higher data rate.
[bookmark: _Toc71536255]Proposal 4: Configure 10 PUSCH symbols for FR2 HST demodulation requirements.
Regarding the MCS, we do not think it’s necessary to set two requirements (i.e. option 2). In our view, it is sufficient to set a requirement that achieves higher date rate. 
[bookmark: _Toc71536256]Proposal 5: Configure highest MCS that remains below 20 dB SNR (i.e. MCS20) for PUSCH demodulation. 
2.2	UL Timing Adjustment
The following parameters has been agreed as the baseline configuration for UL timing adjustment [1]. From test setup point of view, it may be beneficial to align the CBW and MCS configured for PUSCH demodulation requirements if they would differ.
[bookmark: _Toc71536257]Proposal 6: Align CBW and MCS for UL timing adjustment and PUSCH demodulation requirements.
Table 1: Baseline configuration for UL timing adjustment.
	Parameter
	Value

	Channel Model
	Stationary UE: AWGN, Moving UE: AWGN

	UE speed
	350 km/h

	CP length
	Normal

	A
	1.25 μs

	Δω
	1.04 s-1

	MCS
	16

	CBW
	200MHz

	PUSCH resource allocation
	0 to 65 RB for moving UE, 66 to 131 for stationary UE

	SRS resource allocation
	last symbol in slot #3 in radio frames, CSRS = 33, BSRS =0, for 132 RB



Initial simulation results for UL TA
The table below, we provided our initial simulation result.
Table 2: Initial simulation result for UL TA.
	
	SNR @ 70% of Maximum TP

	Scenario Y
	6.5 dB



2.3	PRACH requirements
The following test setup was agreed in RAN4 #98bis-e meeting for PRACH, in the FR2 high speed train scenario.
	· PRACH format
· Only C2
· Channel
· AWGN
· Frequency offset
· Option 1: align the Doppler value with PUSCH
· Option 2: 9722Hz with 350km/h at 30GHz carrier frequency
· Test Preamble Configuration for Ncs
· Option 1: Ncs=0
· Option 2: Ncs=69
· Other options are not precluded.


We note that the choice of channel model and the scenarios in the discussed for PUSCH/PDSCH will not have a significant performance impact on PRACH, except the CP length shall be sufficient to fulfil the implicit cell coverage requirement. C2 format was chosen based on such requirement. Due to the LOS nature of FR2 HST communication, AWGN channel with frequency offset was agreed. We observe that the Option 2 for frequency offset was calculated incorrectly, where the frequency offset at uplink side (Tx) shall be 2*30*10^9Hz*350/3.6/3/10^8=19444Hz, rather than the proposed 9722Hz. Since the Doppler value for PUSCH varies over time and PRACH test cares only about the maximum Doppler that might occur, we would like to suggest the following modification of frequency offset proposal, i.e.,
· Frequency offset
· Option 1: align the Doppler value with the maximum Doppler value for PUSCH
· Option 2: 19444Hz with 350km/h at 30GHz carrier frequency
The simulation results for the relevant PRACH scenarios are presented as below.
[image: ]
[image: ]
For the frequency offset lower than 10kHz, the 1% missed detection SNR points are located in [-13.3dB, -14.3dB], which look similar to the normal mode performance. This can be predicted from design perspective as the frequency offsets are still far from any proportions of the SCS.
For the frequency offset between 10kHz and 20kHz, the missed detection performances start to see some degradation, that is, for up to 2~3dB worse than normal mode performance (or than lower frequency offset cases). However, the 1% missed detection SNR points are lower than the classic operating SNR points for PRACH. Therefore, the desired 350km/h with 30GHz carrier frequency is achievable for PRACH under the proposed circumstance, from demod perspective.
Regarding the Ncs, no remarkable difference has been observed from the plots. Therefore, performance-wise, there’s no limitation on the Ncs options. Nevertheless, the scenario B with approx. 750m cell radius might restricted the Ncs lower boundary () to avoid unnecessary missed detection. Although the impact of a larger round-trip time is indeed not considered in the above assumption (because the timing offset is far less than the one related to cell radius), it might be better to choose Ncs=0 to align with any potential refinement on the timing offset in the future. Despite one can always assume different Ncs values for scenario A, a unified Ncs might be more beneficial to reduce test effort.
Proposal 7: Apply 19444Hz frequency offset for PRACH, which corresponds to 350km/h at 30GHz carrier.
Proposal 8: Use Ncs=0 for PRACH HST FR2.
Proposal 9: RAN4 to decide to use between a). current timing offset configuration; and b). timing offset configuration based on the largest expected cell radius, i.e., derived from scenario B.

3	Summary
In this contribution, we reviewed FR2 HST from BS demodulation point of view. The following observations and proposals are made:
Observation 1: The performance difference is negligible for PUSCH configured with PT-RS + (1+0) DM-RS and PT-RS + (1+1) DM-RS symbols.

Proposal 1: Assume (1+0) DM-RS + PT-RS configuration for PUSCH demodulation requirement with single-tap channel model.
Proposal 2: Define test cases for Scenario A only.
Proposal 3: Configure 100 MHz CBW for PUSCH demodulation requirements.
Proposal 4: Configure 10 PUSCH symbols for FR2 HST demodulation requirements.
Proposal 5: Configure highest MCS that remains below 20 dB SNR (i.e. MCS20) for PUSCH demodulation.
Proposal 6: Align CBW and MCS for UL timing adjustment and PUSCH demodulation requirements.
Proposal 7: Apply 19444Hz frequency offset for PRACH, which corresponds to 350km/h at 30GHz carrier.
Proposal 8: Use Ncs=0 for PRACH HST FR2.
Proposal 9: RAN4 to decide to use between a). current timing offset configuration; and b). timing offset configuration based on the largest expected cell radius, i.e., derived from scenario B.
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Performance comparison between (1+0) DMRS + PTRS and (1+1) DMRS + PTRS

Ds_700_Dmin_10_Doff_0_Doppler_19444_opt1 with (1+0) DMRS symbol + PTRS

Ds_700_Dmin_10_Doff_0_Doppler_19444_opt2  with (1+0) DMRS symbol + PTRS

Ds_700_Dmin_10_Doff_0_Doppler_19444_opt2  with (1+1) DMRS symbol + PTRS
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Unidirectional - MCS16, 200 MHz CBW                       

PT-RS based FOE, (1+0) DM-RS symbol for channel estimation
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Ds_700_Dmin_150_Doppler_19444_opt1B

Ds_700_Dmin_150_Doff_380_Doppler_19444_opt2B
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Bidirectional - MCS16, 200 MHz CBW, 10 PUSCH symbols      

PT-RS based FOE, (1+0) DM-RS symbol for channel estimation
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