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1. Introduction

In the last meeting, there is discussion on BS demodulation for NR HST, a WF on PUSCH and a WF on PRACH were approved [1] [2]. This contribution provides further discussion on the BS demodulation part.
2. Discussion 
2.1 Maximum Doppler frequency
For PUSCH, time/frequency tracking is based on DMRS. To support high speed scenario, additional DMRS is introduced in addition to front loaded DMRS. According to the agreed WF [1], it is agreed to use DMRS configuration of 1+1+1 for velocity of 500km/h. For DMRS configuration of 1+1+1 with 30KHz SCS, the theory limit of frequency tracking is 3500Hz. The candidate value of maximum Doppler shift is {3334, 3000} Hz. 3334 Hz is preferred. For DMRS configuration of 1+1+1 with 15 KHz SCS, the theory limit of frequency tracking is 1750Hz. The candidate value of maximum Doppler shift is {1944, 1750} Hz, so 1750 Hz is preferred.
Proposal 1: for 30KHz SCS, it is proposed to consider Doppler shift of 3334 Hz for UL with 500km/h (carrier frequency is 3.6 GHz).
Proposal 2: for 15KHz SCS, it is proposed to consider Doppler shift of 1750 Hz for UL with 500km/h (carrier frequency is 1.9 GHz).
2.2 l0 for PUSCH mapping type A

For the case of DMRS 1+1+1 with l0 = 2, the time interval of adjacent DMRS is 4 symbols and 5 symbols. We would like to know the maximum Doppler shift is based on 4 symbols or 5 symbols. If 5 symbols are considered, then the maximum Doppler shift is 1.4 KHz with 15 KHz SCS and 2.8 KHz with 3 0KHz SCS, which cannot support the target velocity and operating frequency carrier as suggested in proposal 1 and proposal 2. From this point of view, l0 = 3 is preferred. If 4 symbols are considered, then there is no difference between l0 = 2 and l0 = 3 from maximum Doppler shift point of view. In this case, l0 = 2 can be considered.
Proposal 3: if the case of l0 = 2 can support same maximum Doppler shift as the case of l0 = 3, l0 = 2 is preferred. If the case of l0 = 2 support less maximum Doppler shift compared with the case of l0 = 3, l0 = 3 is preferred.
2.3 Antenna configuration
In the last meeting discussion, 1*2 is baseline and FFS for 1*8 for open space. Even though only 1*2 is considered in LTE HST BS demodulation test cases, from our perspective, 1*8 need to be considered for NR, since 8 RX is widely supported in the practical deployment.  
Proposal 4: for open space, both 1*2 and 1*8 are considered.
2.4 PRACH
Both restricted set type A and type B are considered for PRACH format 0. According to the agreed WF [2], the frequency offset for restricted set type A is 1340Hz. And FFS for restricted set type B. Considering that it was agreed that the maximum Doppler shift of 350km/h is 2334 Hz for 30 KHz SCS, the frequency offset for restricted set type B is proposed to be 2334Hz.
Proposal 5: for 350km/h with PRACH format 0 with high mobility scenario, the frequency offset for restricted set type B is proposed to be 2334Hz
As for the frequency offset of low mobility scenario, 0 Hz was proposed in the last meeting. After further check the PRACH missed detection requirements for high speed scenario in LTE, it can be found that the case of frequency offset of 625Hz has the worst performance in AWGN, taking restrict set type A as an example, the PRACH missed detection requirements for LTE are duplicated as following. As for 0 Hz frequency offset with high speed mode, the performance is similar as 0 Hz frequency offset with normal mode. Taking above into consideration, it is proposed to consider frequency offset of 625Hz.
Proposal 6: for 350km/h with PRACH format 0 with low mobility scenario, the frequency offset for restricted set type A and B is proposed to be 625 Hz.
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= Number of TX | Number of RX Propagation Frequency SNR [dB]-
antennas. antennas. conditions and. offset. Burst Burst Burst Burst
correlation format 0. | format1.| format2.| format 3.
matrix (Annex B)-
. 1 2. 0-
ETU 70 Low- 270 Hz- -7.4. -7.3- -9.3. -9.5.
AWGN- 1340 Hz- -13.4. -13.5. -15.5. -15.7.
4. AWGN- 0. -16.9: -16.6- -18.9: -18.8-
ETU 70 Low- 270 Hz- -11.8- -11.4. -13.7: -13.7:
AWGN- 625 Hz- -14.9. -14.6. -16.8- -16.8-
AWGN- 1340 Hz- -15.9. -15.5. -17.8- -17.8-
8. AWGN- 0. -19.3. -19.1. -20.9: -21.0-
ETU 70 Low- 270 Hz- -15.6- -15.1. -17.0- -17.0-
AWGN- 625 Hz- -17.7: -17.4. -19.3. -19.4.
AWGN- 1340 Hz- -18.7: -18.4. -20.5. -20.5.
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For 500km/h, the PRACH format is agreed to be A2, B4 and C2. The frequency offset for PRACH formats with short sequence length is agreed to be aligned with PUSCH maximum Doppler shift. As suggested in Proposal 1, the frequency offset is proposed to be 3334 Hz. 
Proposal 7: for 500km/h with short sequence PRACH format, the frequency offset is proposed to be 3334Hz. 
3. Conclusion
This contribution provides discussion on BS demodulation for NR support of high speed scenario. The observations and proposals are:
Proposal 1: for 30KHz SCS, it is proposed to consider Doppler shift of 3334 Hz for UL with 500km/h (carrier frequency is 3.6 GHz).

Proposal 2: for 15KHz SCS, it is proposed to consider Doppler shift of 1750 Hz for UL with 500km/h (carrier frequency is 1.9 GHz).

Proposal 3: if the case of l0 = 2 can support same maximum Doppler shift as the case of l0 = 3, l0 = 2 is preferred. If the case of l0 = 2 support less maximum Doppler shift compared with the case of l0 = 3, l0 = 3 is preferred.
Proposal 4: for open space, both 1*2 and 1*8 are considered.
Proposal 5: for 350km/h with PRACH format 0 with high mobility scenario, the frequency offset for restricted set type B is proposed to be 2334Hz
Proposal 6: for 350km/h with PRACH format 0 with low mobility scenario, the frequency offset for restricted set type A and B is proposed to be 625 Hz.
Proposal 7: for 500km/h with short sequence PRACH format, the frequency offset is proposed to be 3334Hz. 
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