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Background
During RAN#98-bis-e meeting, WF [1] on Demodulation requirement for FR2 HST was approved. In this contribution, we share our views about the general issues for NR FR2 HST demodulation requirements.
Discussion
Maximum supported speed for uplink
	· 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) 



Here we discuss the DMRS configuration for uplink. For Option 1, frequency offset estimation can be performed by PTRS only. For Option 2 and Option 3, PTRS can be used for coarse frequency offset estimation and DMRS can be used for precise frequency offset estimation. Considering typical configuration, 6 REs per RB for DMRS configuration type 1 and 1 RE per 2RBs for PTRS, the DMRS is 12 times denser than PTRS. The evaluation results for different DMRS configuration is shown as Figure 2.1-1 below.
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Figure 2.1-1 Performance difference for different DMRS configuration
From above figure we can see that there is negligible performance difference between DMRS 1+1 and DMRS 1+1+1 and there is about 1.2dB performance degradation between DMRS 1 and the others due to large residual frequency offset using PTRS only for frequency offset estimation.
There is negligible performance difference between DMRS 1+1 and DMRS 1+1+1.
There is about 1.2dB performance degradation between DMRS 1 and the others due to large residual frequency offset using PTRS only for frequency offset estimation.
Also 1+1+1 DMRS configuration is benefit for some implementation that perform phase noise tracking by DMRS, we don’t think such implementation should be prevented. Therefore, we prefer to use Option 3, i.e. 1+1+1 DMRS+PTRS (L=1, K=2), for HST FR2 PUSCH requirements definition. If companies have strong concern about DMRS 1+1, we can create an applicability rule that only one DMRS configuration shall be tested by manufacture declaration.
Use 1+1+1 DMRS+PTRS (L=1, K=2) for HST FR2 PUSCH requirements definition.
If companies have strong concern about DMRS 1+1, create an applicability rule that only one DMRS configuration shall be tested by manufacture declaration.
Maximum supported speed for downlink
	· Companies' observation on Maximum Speed feasibility, companies can further check until next meeting
· It is feasible to support maximum speed with 350km/h for downlink with TRS (4 symbol interval)for frequency offset tracking under unidirectional RRH deployment  with 120KHz SCS
· It is feasible to support maximum speed with 350km/h for downlink with TRS( 4 symbol interval) +SSB for frequency offset tracking under unidirectional and bi-directional RRH deployment  with 120KHz SCS
· It is feasible to support maximum speed with 350km/h for downlink with TRS (4 symbol interval)+PTRS (L=1,K=2) for frequency offset tracking under bi-directional RRH deployment  with 120KHz SCS
· It is feasible to support maximum speed with 350km/h for downlink with PTRS or DMRS(1+1+1)+PTRS(L=1,K=2) configuration used for frequency offset tracking under single tap propagation conditions with 120KHz SCS
· Configure PTRS during the PDSCH demodulation test 
· 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



The maximum supporting velocity is inversely proportional to the interval of the two closest symbols on which reference signals are transmitted. The detail theory analysis is shown in Table 2.2-1 below, with the assumption that 30 GHz carrier frequency and 120 kHz SCS. In the table green and red mark is corresponding to supporting speed of greater than 350km/h and supporting speed of less than 350km/h respectively. Bear in mind that for downlink, the maximum supporting velocity should be halved to track both positive and negative Doppler from different RRH simultaneously.
Table 2.2-1 Maximum supporting velocity, fc=29.5GHz, SCS=120kHz
	Physical channel
	Reference signal(s)
	Maximum FOE capability [Hz]
	velocity [km/h]

	PDSCH
	TRS
	13989
	252

	
	PTRS(L=1)
	56058
	1009

	
	PTRS(L=2)
	28029
	505

	
	SSB
	28029
	505



For downlink, typical frequency offset estimation method is pre-FFT that estimate the frequency offset in current TTI and apply the frequency offset in next TTI. In this case, if UE is not scheduled data for a long time, UE may fail to solve the “frequency jump”. Therefore, we don’t think frequency offset using PTRS is feasible. To support 350km/h, we propose to use TRS+SSB for tracking frequency offset for downlink.
To support 350km/h, RAN4 define performance requirements using TRS+SSB for tracking frequency offset for downlink.
For the DMRS configuration, considering DMRS 1+1+1 is more typical for HST scenario, we prefer to use DMRS 1+1+1 for FR2 HST PDSCH performance requirements definition to better solve large residual frequency offset.
Use DMRS 1+1+1 for FR2 HST PDSCH performance requirements definition.
Proposals
In this contribution, we discuss on demodulation performance requirements for NR FR2 HST. Our observations and proposals are:
1. There is negligible performance difference between DMRS 1+1 and DMRS 1+1+1.
There is about 1.2dB performance degradation between DMRS 1 and the others due to large residual frequency offset using PTRS only for frequency offset estimation.
1. Use 1+1+1 DMRS+PTRS (L=1, K=2) for HST FR2 PUSCH requirements definition.
If companies have strong concern about DMRS 1+1, create an applicability rule that only one DMRS configuration shall be tested by manufacture declaration.
To support 350km/h, RAN4 define performance requirements using TRS+SSB for tracking frequency offset for downlink.
Use DMRS 1+1+1 for FR2 HST PDSCH performance requirements definition.
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