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In RAN4 #94e-bis meeting, WF on UE demodulation for NR HST was agreed[1]. The following agreements on the performance requirements for HST single tap scenario were made:
	· Maximum Doppler frequency for 15 kHz SCS:
· 1250 Hz
· 870 Hz
· 972
· Requirements definition:
· Do not mandate the specific TRS processing for requirement definition and left it up to company decision
· Option 1: Do not provide signalling during the HST single tap demodulation test
· Option 2: Provide HST RRM signalling during the demodulation test to inform UE about HST conditions to enable switch to single shot processing.


In this paper we address remaining open issues related to max supported Doppler frequency and test case principals.
Discussion
Max Doppler frequency
In the previous RAN4 meeting several options on max Doppler frequency for HST single tap with 15 kHz SCS were captured for further down selection: 870 Hz, 1250Hz and 972 Hz. Different principles on max Doppler frequency determination underpin the proposed values. The first option was derived to align UE and BS performance requirements, since it was already agreed to define PUSCH demodulation requirements for HST Single tap scenario with 1740 Hz for 15 kHz SCS. For 30 kHz SCS - UL and DL test cases are already aligned. The second option was derived for existing FDD FR1 band with a highest carrier frequency (n7). The third option was derived for desired band n1. 
Besides above approaches RAN4 also use another principle to derive max Doppler frequency. For HST-SFN and HST PUSCH Single tap requirements the max Doppler frequency is the max frequency which can be handled by UE.
All mentioned above principles except approach with desired band are technically driven and can be considered to derive max Doppler frequency.
Proposal #1:	Discuss the following principles to derive max Doppler frequency for HST Single tap 15 kHz SCS:
1. Align UE and BS conditions
2. The highest Doppler frequency which can be observed for existing FDD band
3. The highest Doppler frequency which can be handled by UE
The first principle corresponds to the less Doppler frequency in comparison to other options. Same time UL and DL requirements alignment can make specification more meaningful and clearer. 
The second principle is reasonable only at the current moment, since new FDD bands with higher carrier frequency can be defined in future. In this case there is a possibility that requirements will become outdated, and new test cases will be needed.
Considering the third approach, requirements with max supported Doppler frequency will guarantee that UE are tested under most extreme HST conditions. Also, indication of max UE frequency tracking capability can be beneficial to show what NR can support. Current TRS design allows to track up to 1750 Hz for 15 kHz SCS. Same time, due to some imperfection in tracking, max supported frequency can be less. Also, HST WID limits the max considered Doppler frequency to 1667 Hz. In Figure 1 we preset performance evaluation for 1667 Hz Doppler frequency. Other parameters are aligned with already agreed values except number of HARQ retransmissions which was not considered in evaluations. Single-shot processing was assumed for frequency tracking.
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	Figure 1. Demodulation performance with 1667 Hz max Doppler frequency


Observation #1: 1667 Hz max Doppler frequency can be supported by UE without performance degradation.
Considering second approach drawback of possible outdated requirements, it is more reasonable to use first or third principle to derive max Doppler frequency. In this case we suggest using 870 Hz or 1667 Hz Doppler frequency for HST Single tap requirements definition.
Proposal #1:	For 15 kHz SCS test case align UE and BS conditions (use 870 Hz max Doppler frequency) or choose the highest Doppler frequency which can be handled by UE (1667 Hz) for requirements definition.
Requirements definition
In general, we can consider two frequency tracking strategies: single-shot and multi-shot. Tracking strategy is up to UE implementation and RAN4 cannot mandate one of them. It means that in market we will have UEs with single-shot and multi-shot baseline frequency tracking approaches.
In Figure 2 envelopes of the max achievable throughput for both strategies are presented for HST Single tap conditions. 1250 Hz Doppler frequencies as a highest value between proposed options on the previous meeting were used for 15 kHz SCS. For 30 kHz already agreed 1667 Hz Doppler frequency was considered. Conventional Wiener filter was assumed for channel estimation. In the right side of Figure 2 results with throughput loss in case of multi-shots frequency offset tracking in comparison to one-shot are presented.
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	Figure 2. Performance difference of scenarios with one-shot and multi-shot frequency tracking 


Based on the above results we can conclude that multi-shot frequency offset tracking method in HST single tap conditions leads to performance degradation and higher performance loss is observed for high SNR values.
Observation #2: Multi-shot frequency tracking strategy leads to demodulation performance loss compare to scenario with single-shot processing. Performance loss can be up to 8.4% @max achievable throughput.
Obviously, UEs, which use multi-shot frequency tracking as a baseline strategy, are required to optimize frequency tracking in HST conditions to guarantee reliable performance. In this case in the last meeting two options on requirements definition were captured for further down-selection:
· Option 1: Do not provide signalling during the HST single tap demodulation test 
· Option 2: Provide HST RRM signalling during the demodulation test to inform UE about HST conditions to enable switch to single shot processing
The main intention of the second option is to give more flexibility to UE which need to optimize frequency tracking strategy. The HST RRM network assistance was mainly defined to improve RRM performance in C-DRX mode. Same time this signaling is a cell-specific and typically UE is configured in DRX mode. Even in IDLE mode UE is already configured in DRX. So, network can always keep HST indicator in broadcast. Therefore, in deployments with high speed conditions we can assume that enhanced RRM requirements will be always applied and corresponding cell specific network assistance will be always configured otherwise RRM performance will be poor. In this case providing HST RRM signaling during the demodulation test case will more reflect real field conditions in which UEs can use this signaling not only for RRM but also for demodulation performance improvement. How to use this signaling is up to UE implementation. It is just the additional information which can help to indicate HST conditions.
Proposal #2:	Provide HST RRM signalling during the demodulation test as additional indication of HST conditions.
To avoid any confusions and be clearer from the system design perspective we think that RAN4 should clarify the name of the agreed HST RRM network assistance signaling since it can be applicable not only for RRM but also for demodulation performance enhancements. For example, it can be done in the following manner to make the signaling name more generic covering both RRM and demodulation aspects: 
HighSpeedConfig-r16 ::=			SEQUENCE {
	highSpeedEnhancedFlag-r16				ENUMERATED {true}				OPTIONAL,	-- Need OR
	}

Proposal #3:	Ask RAN2 to rename the NR HST RRM enhancement network assistance signalling to more generic form.
Conclusion
In this paper we present discussion on demodulation performance requirements for HST Single tap scenario. In summary, the following proposals were made:  
Proposal #1:	For 15 kHz SCS test case align UE and BS conditions (use 870 Hz max Doppler frequency) or choose the highest Doppler frequency which can be handled by UE (1667 Hz) for requirements definition.
Proposal #2:	Provide HST RRM signalling during the demodulation test as additional indication of HST conditions.
[bookmark: _GoBack]Proposal #3:	Ask RAN2 to rename NR HST RRM enhancement network assistance signalling to more generic form.
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