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1	Introduction
During RAN4#90 meeting, the scope of Rel-15 BS Demod PUSCH was discussed. The follows are agreed in [1] and [2]
· Scope of Rel-15 NR BS Demod PUSCH
· The following features are not part of the Rel-15 scope
· PUSCH with 256QAM in FR1
· PUSCH with UL timing adjustment (non-HST cases)
· PUSCH requirements with 30% throughput metric in Rel-15 NR
· PUSCH requirements with 1RB allocation in Rel-15
As for the requirement of under high speed scenario, 
· Companies are encourage to evaluate for RAN4#90bis when they could provide evaluation results  for the following scenarios :
· PUSCH requirements for high speed scenarios 
· HST (up to 300km/h or 350km/h at Band 7 (2.7GHz) [and  Band n77 (3.6GHz)])
· PRACH requirements for high speed scenarios 
· Preamble format 0 with restricted set A and B
NOTE: For above scenarios, 1 additional DMRS is baseline. Other assumption is not precluded.
· Operators are encourage to provide the motivation to introduce HST related tests as well as their priority on the test to be introduced in Rel-15 in RAN4 #90bis
In this contribution, we provide our view on the remained issue of PUSCH performance requirement.
2	Discussion
2.1	Different configuration 
In the last meeting, RAN4 group has discussed the requirement with different configuration with DMRS and PTRS for PUSCH. As agreed, the performance requirement for type B should be defined as well as in FR1 besides the requirements agreed to define for type A. The same number of test cases should be introduced for Type B as those agreed defined.
For the PUSCH mapping type B, the first DMRS L0 is located within the first symbol with the related scheduled data. Although the processing delay is less compared with type A, DMRS location in Type A can achieve better estimation performance, considering the interpolation method in time domain can guarantee the better performance of edge symbols in scheduled PUSCH data, in terms of channel estimation accuracy. 
With DMRS 1+1 configuration in Type B, in our view, the performance should has no significant different with DMRS 1+1 configuration in Type A.
Currently, a lot of simulation results alignment work need to be proceeded for type A. Based on the results summary, some test cases with only 1 DMRS configuration for FR1, the 70% with maximum TP or maximum TP cannot be achieved. The further efforts to check and verify the applicability of these cases are still needed. RAN4 has removed some cases with only 1 DMRS in Type A. 
The accuracy of channel estimation depends on the DMRS symbol location in the time domain. For Type B with only 1 DMRS configuration, it is foreseeable that the performance will be worse under current propagation channel environment, especially for TDL-B 100ns, 400Hz. For this dropper value, the coherent time about 1.25ms based on the Nyquist sampling theory. Since the agreed scheduled data length for FR1 is 14 symbols, the duration time between DMRS symbol and the last schedule data symbol is closed to the coherent time under 15KHz SCS. To some extent, the accuracy of channel estimation and interpolation will be deteriorated.  In certain cases, with multiple Code blocks (CB), the CB performance will depend on the location in the time domain. For example, 1st CB will be located front region among 14 symbols, 2nd CB will be located rear region among 14 symbols, with only 1 DMRS symbol configuration, under high Doppler condition, and it is possible that 2nd CB is failure.
So, type B will be suffered more unfeasible cases cannot achieve 70% of maximum TP  compared the cases in Type A. RAN4 group will need more effort to check these cases. Obviously, these cases are meaningless in terms of practical deployment. Thus, in our view, we prefer to remove the test cases with only 1 DMRS with Type A and Type B, and should focus on the requirement with 1+1 DMRS configuration.
Proposal 1: In order to reduce of test effort, remove the test cases with only 1 DMRS with Type A and Type B. For type B, priority the requirement with 1+1 DMRS.
2.2	Performance requirements for high speed train
As for the high Doppler value with multipath fading channel, the requirement with high dropper value about 300Hz was specified in LTE, which is related with UE 120km/h velocity.
For NR, currently RAN4 group has specified the high Doppler test with 400Hz, which corresponds to 120Km/h @ 3.6GHz carrier frequency. In our view, 120 km/h is a typical deployment considering the UE mobility capability.
	  　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　


	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　






       
                                      



Fig. 1 UL DMRS allocation in LTE                                         	Fig. 2 UL DMRS allocation in NR
As captured in RAN#81, the UE and BS demodulation performance requirement under HST scenario are treated in Re1-15 after December 2018. In LTE with Rel-8, two kinds of high speed tests are introduced with maximum Doppler value 300Hz and high speed train cases with two scenarios as follows:
	Parameter
	Value

	
	Scenario 1
	Scenario 3

	

	1000 m
	300 m

	

	50 m
	2 m

	

	350 km/h
	300 km/h

	

	1340 Hz
	1150 Hz



Scenario 1 is for open scenario, scenario 3 is for tunnel with multi-antennas. As indicated in the spec, the Doppler shift value is calculated based on band 1 (2GH) for BS side, while band 7(2.7GH) is chosen for UE side. In my understanding, the motivation is coming from the receiver’s Doppler tracking capability and related channel estimation performance. Uplink and downlink receivers use DMRE for Doppler tracking. Generally, uplink receiver can provide better channel estimation performance considering uplink has more reference signal than the downlink, when channel is time-invariant. While channel is time-variant in high speed scenarios, DL can provide more accuracy Doppler tracking capability than UL, due to more time density of RS in downlink.
As agreed, the PUSCH requirement with high speed scenario, companies are encouraged to provide the evaluation results based on the following scenario
· HST(up to 300km/h or 350km/h at Band 7 (2.7GHz) [and  Band n77 (3.6GHz)])

For the high speed train scenario, the Doppler shift experienced in BS side is twice of UE side. Considering the target velocity 300Km/H, with 3.6GHz carrier frequency, the related Doppler shift value can be up about 2000Hz, even with Band 7(2.7GHz), the Doppler shift value is about 1500Hz, higher than the LTE HST scenario.
In timing-varying channel as in the HST case, the accuracy of channel estimation depends on the number of DM-RS symbols distributed in the time domain. As indicted in Figure 1, the two DMRS location in LTE is 3rd and 11th, the time interval between 2 DMRS symbol in one subframe is about 0.5ms, which means the range of Doppler shift can be tracked about ±1 KHz. When the Doppler value is large than this value, the accuracy of Doppler shift value estimation is affected. Compared with LTE, for NR system, based on current agreement, only 2 DMRS are configured with location 2nd and 11th, the time interval is about 0.57ms which in turn the range of Doppler shift value is about 880Hz. Generally, the Doppler estimation method is processed by the autocorrelation with Maximum likelihood method between two DMRS symbol.  Meanwhile, the density of DMRS RE is half than LTE. Thus, the accuracy of Doppler shift estimation is less than LTE. Consider there is no additional DMRS configuration added, in order to verify feasibility of current DMRS configuration, we prefer to reuse LTE Band1 (2.1GHz) with 300km/h to evaluate PUSCH requirement with high speed scenario.
Proposal 2: Reuse LTE Band1 (2.1 GHz) as the HST scenario with 300 km/h to evaluate PUSCH requirements with high speed scenario.
Except for target velocity, the practical deployment, such as the initial distance of train from BS and the BS-railway trace distance, will also impact on the Doppler shift. Considering the carrier frequency applied, the development in NR will be slightly different with that in LTE. The HST scenario is introduced in the initial version of LTE Rel-8. Currently, the new WI on further enhancement for HST with target 500KM/h in LTE Re-16 is discussed. Compared with LTE, to some extent, the urgent deployment request for NR with HST scenario is not clear. Most likely, the HST scenario will be still deployed with LTE frequency band. Thus, operators are encouraged to provide more motivation related HST scenario introduced in NR.
Meanwhile, for high speed train scenario, it will have impact on the PRACH performance. In LTE, the requirements of PRACH with normal velocity are specified. In order to support 350km/H, requirements with high speed mode restrict set type A and type B are also specified, where the related frequency offset value is 1340Hz and 1875Hz. The maximum frequency offset supported by LTE spec is limited to around two time of subcarrier spacing of the preamble signal which is 2.5 KHz. With targeting 300km/H @ 3.6GHz carrier frequency, the related Doppler shift is up to about 2000Hz.  As the frequency offset, 2000Hz can be used as the initial assumption for PRACH with high speed mode.
As for the preamble configuration, we prefer to reuse LTE configuration as follows:
	Burst format
	Restricted set 
	Ncs
	Logical sequence index
	v

	0 
0
	Type A
	15
	384
	0

	
	Type B
	15
	30
	30



[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 3: Reuse LTE preamble configuration with high speed mode restricted set Type A and Type B, 2000Hz can be chosen as the frequency offset to evaluate format  0 with restricted set A and B
3	Conclusion
In this contribution, the view of remaining open issue for performance requirements of NR PUSCH is provided.
[bookmark: _GoBack]Proposal 1: In order to reduce of test effort, remove the test cases with only 1 DMRS with Type A and Type B. For type B, priority the requirement with 1+1 DMRS.
Proposal 2: Reuse LTE Band1 (2.1 GHz) as the HST scenario with 300 km/h to evaluate PUSCH requirements with high speed scenario.
Proposal 3: Reuse LTE preamble configuration with high speed mode restricted set Type A and Type B, 2000Hz can be chosen as the frequency offset to evaluate format  0 with restricted set A and B
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