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1	Introduction
RAN4#98bis-e agreed with the way forward on the UE/BS demodulation requirements for FR2 HST [1]. This contribution discusses the open issues related to UE demodulation requirements, i.e., reference symbol assumption and test setup. 
2	Discussion
2.1	Reference symbols to support 350km/h
	RS as baseline for frequency offset tracking to support 350km/h​
· Option 1: SSB+TRS​
· Option 2: 
· ​SSB+TRS+PTRS for bi-directional deployment​
· SSB+TRS for unidirectional deployment​
· Other options are not precluded​
DMRS configuration for PDSCH demodulation requirement​
· Option 1: 1 DMRS ​
· Option 2: 1+1+1 DMRS​
Carrier frequency for Doppler frequency calculation
· 30GHz



Reference signal for frequency offset tracking
RAN4 UE demodulation requirements assume to use TRS for time/frequency tracking. In FR2 HST WI, we are mainly discussing the single tap scenario, however, UE should be in the multi-path fading environment in the real network environment. In such a condition, UE need to perform the channel analysis continuously such as delay spread estimation and maximum Doppler frequency estimation. We therefore propose to assume SSB+TRS as the baseline of frequency tracking in FR2, because TRS is broadcasted periodically, e.g., every 10ms. On the other hand, DMRS and PT-RS is associated with PDSCH, which means DMRS/PT-RS is transmitted only when PDSCH is scheduled. But we don’t preclude the UE implementation using DMRS/PT-RS for frequency tracking. 
If FR2 HST UE uses TRS for frequency offset tracking, UE can estimate the Doppler shift up to 1/((4/14)*0.125e-3)/2 = 14,000Hz, because of 4 symbols interval of tracking reference symbol with SCS=120kHz where the symbol duration is (1/14)*0.125 (ms). Even if we consider the frequency error of 0.1ppm, the maximum Doppler frequency becomes 11,000Hz (= 1/((4/14)*0.125e-3)/2 – 0.1e-6 * 30e9).
Observation 1: Maximum Doppler frequency based on TRS is 14,000Hz if we don’t assume frequency error.
Observation 2: Maximum Doppler frequency based on TRS is 11,000Hz if we assume frequency error of 0.1ppm at 30GHz. 
Since RAN4#98bis-e agreed to support the UE velocity of 350km/h with 30GHz, TRS based frequency tracking is feasible to support 350km/h (= 9722Hz with 30GHz).  
Proposal 1: Assume SSB+TRS as the baseline of frequency offset tracking to support 350km/h​.

DMRS configuration for PDSCH demodulation requirement
In RAN4#98-bis-e, we proposed to define the PDSCH demodulation requirements with 1) DMRS 1+1+1 and 2) DMRS 1 [2]. For case 2, one DMRS per slot with SCS=120kHz is not sufficient to compensate the phase shift with 9722Hz. But as discussed in [2], if we assume a UE dedicated to HST FR2 (e.g., train-mounted UE), we think it is feasible the UE detect the HST single tap channel and performs the frequency offset compensation with the TRS-based Doppler shift estimation. 
Figure 1 shows the PDSCH simulation results with HST single tap model. The left figure shows the results with 2 additional DMRS configuration (1+1+1 DMRS) where we do don’t use the frequency offset compensation before the demodulation. The right figure shows the results with no additional DMRS configuration (1 DMRS), but the frequency offset compensation is enabled. For both cases, we used 4 HST single tap models discussed in [3], and the detailed channel model is given in Appendix in this contribution. From the simulation results, it is observed both configurations can achieve the peak rate. We should also emphasize no additional DMRS configuration can achieve higher peak rate because of less DMRS overhead compared with 2 additional DMRS configuration. 
Proposal 2: Assume DMRS configuration with 1+1+1 for UE demodulation requirements in HST FR2. 
Proposal 3: Assume DMRS configuration without additional DMRS symbols for HST single tap scenario.  
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	(a) 2 additional DMRS (without frequency offset compensation)
	(b) No additional DMRS (with frequency offset compensation)


[bookmark: _Ref70684549]Figure 1	PDSCH simulation with different DMRS configuration. 

2.2	Test setup for UE demodulation requirements
2.2.1	Scenario and transmission schemes
	Requirement for scenario A or B​
· Option 1: Define PDSCH demodulation performance requirements only with one deployment scenario (A or B)
· Option 2: Define PDSCH demodulation performance requirements with the worst cases of two scenarios ​
· Option 3: Define PDSCH demodulation performance requirements with both scenarios if needed ​
· Consider output of FR2 HST Deployment scenarios discussion whether to cover scenario A and/or B​
Requirement for uni-and bi-directional RRH deployment scenarios​
· FFS to define both PDSCH demodulation requirements for uni- and bi-directional RRH deployment scenarios​
· FFS to define the test applicability rule if both PDSCH demodulation requirements for uni-and bi-directional RRH deployment scenarios are defined​
· Consider output of FR2 HST Deployment scenarios discussion whether to cover uni- and/or bi-directional RRH deployment ​
Transmission schemes​
· No PDSCH requirement with SFN joint transmission scheme in Rel-17 FR2 HST WI​
· DPS transmission schemes​
· DPS transmission scheme in Uni-directional RRH deployment scenario​
· Option 1: scheme 1a​
· Option 2: scheme 1b​
· Option 3: both scheme 1a and scheme 1b​
· DPS transmission scheme in bi-directional RRH deployment scenario​
· Option 1: scheme 1a​
· Option 2: scheme 1b​
· Option 3: both scheme 1a and scheme 1b ​
· FFS on PDSCH requirements of HST single tap



According to our simulation results in Figure 1 (a), Scenario B shows slight better performance compared with Scenario A, and the the bi-directional HST single tap model (Option 1) shows slight better performance compared with the uni-directional (Option 1), with regard of the SNR of 70% of the maximum. But we observe the performance difference among the deployment scenario options are not significant. 
Proposal 4: RAN4 define two test cases for HST FR2.
Test 1: HST single tap (uni-directional) with Scenario A
Test 2: DPS (uni-directional) with Scenario B
If RAN4 agree to consider both uni-directional and bi-directional deployment, either test 1 or 2 apply bi-directional model. 
Proposal 5: For DPS scenario, RAN4 define both scheme 1a and 1b if the performance is same, but define the same applicability rule as Rel-16 HST, i.e., if a UE declared supporting > 1 TCI states, the UE will pass scheme 1b and skipped scheme 1a test cases, and if a UE only support 1 TCI state, the UE need to pass scheme 1a and skip scheme 1b test cases​. 
2.2.2	Other parameters
	SCS and BW​
· Option 1: 120KHz with 100MHz​
· Option 2: 120KHz with 200MHz​
UE frequency error​
· FFS on considering the impact of UE frequency error on DL demodulation performance



RAN4 UE demodulation requirements usually set CBW 100MHz for FR2 SCS=120kHz. We don’t see any reason RAN4 configures CBW 200MHz for FR2 HST scenario. 
Proposal 6: Configure CBW=100MHz with SCS=120kHz for UE demodulation requirements in HST FR2. 
Regarding the UE frequency error, it is our understanding the impairment results reported by companies consider the performance degradation due to the UE frequency error. 
Proposal 7: Impact of UE frequency error should be included in companies’ impairment results when RAN4 sets the UE demodulation requirements for HST FR2. 
3	Summary
Observation 1: Maximum Doppler frequency based on TRS is 14,000Hz if we don’t assume frequency error.
Observation 2: Maximum Doppler frequency based on TRS is 11,000Hz if we assume frequency error of 0.1ppm at 30GHz. 
Proposal 1: Assume SSB+TRS as the baseline of frequency offset tracking to support 350km/h​.
Proposal 2: Assume DMRS configuration with 1+1+1 for UE demodulation requirements in HST FR2. 
Proposal 3: Assume DMRS configuration without additional DMRS symbols for HST single tap scenario.
Proposal 4: RAN4 define two test cases for HST FR2.
Test 1: HST single tap (uni-directional) with Scenario A
Test 2: DPS (uni-directional) with Scenario B
If RAN4 agree to consider both uni-directional and bi-directional deployment, either test 1 or 2 apply bi-directional model. 
Proposal 5: For DPS scenario, RAN4 define both scheme 1a and 1b if the performance is same, but define the same applicability rule as Rel-16 HST, i.e., if a UE declared supporting > 1 TCI states, the UE will pass scheme 1b and skipped scheme 1a test cases, and if a UE only support 1 TCI state, the UE need to pass scheme 1a and skip scheme 1b test cases​. 
Proposal 6: Configure CBW=100MHz with SCS=120kHz for UE demodulation requirements in HST FR2. 
Proposal 7: Impact of UE frequency error should be included in companies’ impairment results when RAN4 sets the UE demodulation requirements for HST FR2. 
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Appendix 
A.1	Simulation assumption
	Parameters
	Value

	Maximum Doppler
	9722Hz

	CBW/SCS
	100MHz/120kHz

	PDCSH mapping
	Type A, start symbol 1, duration 13

	DMRS
	1+1+1, 1

	PTRS
	KPTRS=2, LPTRS=1

	Antenna configuration
	2x2

	MCS
	17

	Rank
	1




A.2	Single tap channel model
A.2.1	Deployment scenario
	Scenario
	Ds (meter)
	Dmin (meter)

	A
	700
	10

	B
	700
	150



A.2.2	Single tap channel with unidirectional deployment (Option 1)



A.2.3	Single tap channel model with bidirectional deployment (Option 1)



A.2.4	Doppler shift trajectories
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