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1 Introduction

In the RAN4 #94e 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:

· FDD 15 kHz SCS:
· 1250 Hz

· 870 Hz
· 17 MCS for Rank 1:
· Requirements definition:

· Option A: Define requirements based on worst case, and whether to use single-shot or multi-shot depends on UE implement and should not be limited
· Option B: Do not mandate the specific TRS processing for requirement definition and left it up to company decision. Provide HST RRM signalling during the demodulation test to inform UE about HST conditions
·  No new network assistance signalling in addition to those which are already introduced is needed


In this paper we address remaining open issues related to max supported Doppler frequency and test case principals. 
2 Discussion
2.1 Max Doppler frequency
In the previous RAN4 meeting two options on max Doppler frequency for HST single tap with 15 kHz SCS were captured for further down selection: 870 Hz and 1250 Hz. 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 arbitrary derived for desired band n7.   
Current TRS design allows tracking up to 1750 Hz for 15 kHz SCS. It means that both 870 Hz and 1250 Hz Doppler frequencies in HST single tap scenario can be handled and there is no difference between these options from UE performance perspective. Moreover, UE can support even higher values than 1250 Hz.  In this case the reason to consider 1250 Hz is not clear.
Same time if higher Doppler frequency than 870 Hz is considered for UE side, then UL signal will have Doppler frequency higher than 1740 Hz which corresponds to the maximum value that BS can handle. In total it will lead to overall system performance degradation. 
Proposal #1:
For 15 kHz SCS test case use maximum Doppler frequency equal to 870 Hz
2.2 Requirements definition

In the last meeting two options on requirements definition were captured for further down-selection:
· Define requirements based on worst case, and whether to use single-shot or multi-shot depends on UE implementation and should not be limited 

· Do not mandate the specific TRS processing for requirement definition and left it up to company decision. Provide HST RRM signaling during the demodulation test to inform UE about HST conditions

In general, both options are quite similar and suggest not to mandate the specific UE TRS processing (single-shot or multi-shot) which can depend on UE implementation. It means that both processing strategies are not precluded from the requirements perspective and more enhanced processing is not mandated..

Same time based on analysis provided in [2] if UE uses multi-shot frequency tracking, the performance loss up to 8.4 % will be observed in HST Single tap scenario due to systematic residual frequency error. In this case it is beneficial to such kind of UEs to switch frequency tracking procedure from multi-shot to single-shot estimation. RAN4 have discussed several options for study how such kind of UEs can become aware on HST single tap conditions to use more optimal frequency tracking:

· Option 1: UE detects the conditions

· Option 2: Rely on agreed NR HST RRM enhancement network assistance signaling

· Option 3: Additional network assistance is provided

The last option cannot be applicable since it was already agreed to not introduce any additional network assistance signaling.

To distinguish between first and second options in Table 1 we show which scenarios are covered by already agreed HST RRM and demodulation related network assistance signaling.

Table 1. Possible network indicators of different scenarios 

	
	Low mobility scenario
	HST Single tap
	HST multi-path
	HST-SFN

	Indicator
	-
	-
	-
	HST-SFN demodulation network assistance signaling 

	
	
	HST RRM network assistance signaling


If we consider the first option, then UE needs to distinguish between low/high mobility scenarios and between multi-path/single tap scenarios in order to detect HST single tap conditions. This additional processing will result in increased UE implementation complexity. In this case the compromise solution is using network assistance signaling + some additional information which is already available on UE side.

In high speed deployments we can assume that enhanced RRM requirements will be always applied and corresponding network assistance will be always configured otherwise RRM performance will be poor. Relying on this signaling UE can first distinguish between low and high mobility scenarios without any additional processing. After that, UE can use conventional estimations of channel characteristics like RMS delay spread to distinguish between multi-path and single tap scenarios.
To sum up it is reasonable to not mandate specific TRS processing which can depend on UE implementation. Same time in order to provide ability to all UEs support reliable demodulation performance, HST RRM signaling should be provided during the test.

Proposal #2:
Do not mandate the specific TRS processing for requirement definition and leave it up to UE implementation. Provide HST RRM signalling during the demodulation test to inform UE about HST conditions to enable switch to single shot processing.

In this case to avoid any confusion 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 in more generic form
3 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 use maximum Doppler frequency equal to 870 Hz
Proposal #2:
Do not mandate the specific TRS processing for requirement definition and left it up to company decision. Provide HST RRM signalling during the demodulation test to inform UE about HST conditions.
Proposal #3:
Ask RAN2 to rename NR HST RRM enhancement network assistance signalling in more generic form
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