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1. [bookmark: _Ref20643280]Introduction
During RAN4#92 meeting, the following options for DM-RS configurations and alternative reference signals) have been proposed for NR PUSCH demodulation performance for HST scenarios for 500 km/h, [1]:
· DMRS Configuration
· For 350km/h targeting velocity, DMRS 1+1+1 (type 1, single-symbol DMRS).
· For 500km/h targeting velocity, FFS on the following DMRS patterns.
· Option 1: 1+1+1 (type 1, single-symbol DMRS)
· Option 2: 2+2 (type 1, double-symbol DMRS)
· Reference signal
· Option 1: DMRS (Baseline)
· Option 2: DMRS + PT-RS
· Option 1: 1+1 DMRS + PTRS L=1 or 2
· Other options are not precluded
In this contribution, we present our view on the impacts of using different DM-RS configurations and the usage of PT-RS in 500km/h HST scenarios.

2. [bookmark: _Ref6404628]Discussion
Requirements on single-symbol DM-RS configurations for 500 km/h scenarios
As discussed previously in our contribution for RAN4#92, [2], the maximum frequency offset that could be estimated unambiguously without any advanced method and can be calculated with Equation 1:
[bookmark: _Ref6905993][bookmark: _Ref6905984]fmax_offset = 1/ (2 × Δt),						(1)
where Δt is the temporal distance between 2 DM-RS symbols.
From (1), with single-symbol DM-RS patterns, the maximum Doppler shift estimations achievable with different number of DM-RS symbols are shown in Table 1 below.



[bookmark: _Ref13646454]Table 1. Example of maximum Doppler shift that can be measured at BS with DM-RS symbols only (and where no advanced techniques applied to resolve ambiguity).
	SCS
	Max foffset_est

	
	PUSCH mapping type A
	PUSCH mapping type B

	
	dmrs-AdditionalPosition
	dmrs-AdditionalPosition

	
	1
	2
	3
	1
	2
	3

	15 kHz
	875
	1750
	2333
	700
	1400
	2333

	30 kHz
	1750
	3500
	4667
	1400
	2800
	4667



Assuming, at 15 kHz SCS deployment, only carrier frequency = 2.1 GHz would be considered and at 30 kHz SCS deployment, the highest considered carrier frequency = 3.6 GHz for HST scenarios. In scenarios where UE is travelling at 500 km/h, this would then lead to the maximum Doppler shifts expected at BS when there are no oscillator residual errors:
 at SCS = 15 kHz and 
 at SCS = 30 kHz and 
To estimate this frequency offsets unambiguously at BS without any advanced techniques, with single-symbol DM-RS patterns and PUSCH mapping type A, it would require at least 4 DM-RS symbols and 3 DM-RS symbols at SCS = 15 kHz and SCS = 30 kHz, respectively.
Unfortunately, in practice, the exact match between BS and UE oscillator frequencies could hardly be achieved, and ±0.1ppm in oscillator residual errors has been commonly considered in LTE. Assuming, the same approximation of the residual errors is also applicable in NR, the maximum Doppler shifts specified above would become:
at SCS = 15 kHz and 
at SCS = 30 kHz and 
Observation 1: By taking oscillator residual errors into account, it would require 4 DM-RS symbols at both SCS = 15 kHz and SCS = 30 kHz to detect maximum Doppler shifts unambiguously without any advanced techniques in scenarios where UE is travelling at 500 km/h at  and  respectively.
Observation 2: With advanced techniques, frequency offset ambiguities could be resolved easily while only require 3 DM-RS symbols. However, the trade-off is the additional hardware complexity and cost which are normally undesirable.
Double-symbol DM-RS configuration and usage of PT-RS in HST scenarios
Alternatively, a mandatory UE feature, double-symbol DM-RS pattern (i.e. 2 + 2 DM-RS symbols) was proposed in [3]. In [3], it argues that with double-symbol DM-RS pattern, capability signaling is not required and to some extent it can perform better Doppler tracking. However, when comparing the achievable Doppler shifts estimation with (1+1+1+1) DM-RS symbols and with (2+2) DM-RS symbols, better Doppler tracking is not expected with (2+2) DM-RS symbols when UE’s target speed is at ~500km/h and less for the current expected HST requirements.
Furthermore, under most scenarios (i.e. non-MU-MIMO scenarios), one would expect channel estimations using double-symbol DM-RS pattern (e.g. (2+2) DM-RS symbols) to underperform compared to that using single-symbol DM-RS pattern (e.g. (1+1+1+1) DM-RS symbols) with the same number of DM-RS symbols. As illustrated in Figure 1, with single-symbol DM-RS pattern, DM-RS symbols are distributed across the slot and is expected to be able to capture channel statistics better. (1+1+1+1) DM-RS symbols
(2+2) DM-RS symbols




[bookmark: _Ref20694114]Figure 1. Example illustration of how DM-RS symbols are positioned within a slot.
Moreover, the intention of double-symbol DM-RS pattern is for MU-MIMO scenarios (at low and moderate speed). It may not necessary suit the requirements for HST scenarios and would not be adequate to define the requirements based on its mandatory-ness while better performance could be achieved with the UE non-mandatory DM-RS configuration option.
To demonstrate this, we compared the performance with (1+1+1+1) DM-RS symbols and that with (2+2) DM-RS symbols. The results show that under the HST tunnel scenario [1], the performance with (1+1+1+1) DM-RS symbols outperforms significantly that with (2+2) DM-RS symbols at MCS= 2. At MCS = 16, performance with (2+2) DM-RS symbols is degraded significantly.
Observation 3: Double-symbol DM-RS pattern is mainly targeted for MU-MIMO scenarios. Under HST scenarios, PUSCH performance with (2+2) DM-RS symbols (i.e. double-symbol DM-RS pattern) underperforms significantly compared to that with (1+1+1+1) DM-RS symbols (i.e. single-symbol DM-RS pattern).
To extend FOE range and avoid ambiguity issue, frequency offset estimation based on PT-RS was also proposed [1]. This is theoretically plausible. However, there is a circular dependency between channel estimation and frequency offset estimation. Using one reference signal for channel estimation and another for frequency offset estimation could impact the efficiency in frequency offset compensation when high Doppler shifts are expected. Thus, it could degrade the overall PUSCH demodulation performance in high Doppler shifts scenarios. The performance degradation could be seen in Figure 2.

Observation 4: Due to circular dependency between the channel estimation and frequency offset estimation, performance degradation could be expected at high Doppler shifts scenarios where PT-RS is used for FOE.
From the above discussion, we foresee undesirable issues that could happen with FOE based on double-symbol DM-RS configuration or with PT-RS, thus, we prefer:
Proposal 1: Set 500 km/h HST PUSCH demodulation performance based on single-symbol (1+1+1+1) DM-RS configuration (without advanced techniques).

[image: ][image: ]
[bookmark: _Ref20750354][bookmark: _Ref20817126]Figure 2. PUSCH performance with DM-RS based FOE using different DM-RS configurations and with PT-RS based FOE in HST scenarios where fd = 3334 Hz, SCS = 30 kHz and MCS = 2 and MCS = 16.

3. Conclusion
In this contribution, we presented our views on different alternatives for DM-RS patterns and PT-RS configuration for HST scenarios for 500 km/h. Our observations are proposals are summarized below:
Observation 1: By taking oscillator residual errors into account, it would require 4 DM-RS symbols at both SCS = 15 kHz and SCS = 30 kHz to detect maximum Doppler shifts unambiguously without any advanced techniques in scenarios where UE is travelling at 500 km/h at  and  respectively.
Observation 2: With advanced techniques, frequency offset ambiguities could be resolved easily while only require 3 DM-RS symbols. However, the trade-off is the additional hardware complexity and cost which are normally undesirable.
Observation 3: Double-symbol DM-RS pattern is mainly targeted for MU-MIMO scenarios. Under HST scenarios, PUSCH performance with (2+2) DM-RS symbols (i.e. double-symbol DM-RS pattern) underperforms significantly compared to that with (1+1+1+1) DM-RS symbols (i.e. single-symbol DM-RS pattern).
Observation 4: Due to circular dependency between the channel estimation and frequency offset estimation, performance degradation could be expected at high Doppler shifts scenarios where PT-RS is used for FOE.
Proposal 1: Set 500 km/h HST PUSCH demodulation performance based on single-symbol (1+1+1+1) DM-RS configuration (without advanced techniques).
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