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1. Introduction
[bookmark: _Hlk528680199]In the last meeting, RAN4 got some agreements on organization of specification, applicability rule and configuration of HST PUSCH, but there are still some unsettled issues in WF [1]. This contribution will discuss these remain issues for HST PUSCH.

2. Discussion
Issue 1: High speed support declaration for HST PUSCH
· Option 1: 
Declare category of supported maximum speed. This can be either 350 or 500kph (or no HST support).
Which tests need to be passed, if 500kph is declared, is discussed separately under “High speed implicit test passing”
· Option 2:
Declare category of supported design target speed(s). This can be 350 or 500 or 350&500kph (or no HST support). 
Only the corresponding requirements are tested (only 350&500kph tests both).
In the last meeting, we already have agreement on the implicit test passing for HST PUSCH that 350km/h test can be skipped if a BS passed the 500km/h test. In that case, we don’t have a reason to add extra declaration for “350&500kph” for HST PUSCH. BS declare by the supported maximum speed is a more natural way, and we should narrow the declaration scope for only HST, so “no HST support” seems not necessary here. 
On the other hand, if a vendor wants to guarantee their product performance for 350kph, they can choose no skipping the corresponding tests as they like. 
Some companies commented that Option 2 is similar to Option 1 but give vendors an extra choice to guarantee their product performance for both 350km/h and 500km/h, e.g. by declaring 350&500km/h. We don’t think it’s necessary because it is reasonable to expect that a product that passes the more stringent 500km/h requirement will also meet the 350km/h requirement, and hence a test at 500km/h provide sufficient coverage. In any case, Option 1 doesn't forbid vendor doing extra tests to guarantee the performance.    
Proposal 1: Declare category of supported maximum speed. This can be either 350km/h or 500km/h. Only the corresponding requirements are tested. 

Issue 2: If 1T1R requirements is introduced: MCS configuration
· Option 1: If 1T1R requirement is introduced, only have MCS 2 requirements.
· Option 2: If 1T1R requirement is introduced, have MCS 2 and MCS16 requirements.
For MCS configuration for 1T1R requirement, some companies mentioned that 1T1R have no diversity gain and targeting SNR is close to 20dB SNR limit with considering additional margin. But the 20dB SNR limit is derived from FR2 OTA test setup, it won’t be the limit for FR1 case. HST 1T1R requirements are FR1 and have been agreed to introduce only conducted tests, so we don’t need to consider the 20dB SNR limit issue. Furthermore, Ffrom the current AWGN channel simulation results from companies, the average impairment PUSCH 500km/h 1T1R MCS16 result is around 12dB which have a lot of margin to 20dB limit.and feasible.  Since 1T1R requirements are for tunnel scenario, it shouldn’t be related to multi-path fading channel, so we think MCS16 is OK for 1T1R requirements. 
Proposal 2: Agree with Option 2 that introduce MCS2 and MCS16 requirements for 1T1R. 
If the multi-path fading channel under high Doppler shift is introduced, then the margin of MCS16 might be very small or even possible negative. But it is not the excuse we can relax the requirement by using lower MCS, however we need to consider the rationality of introducing multi-path fading channel to HST scenario at the first and how much Doppler shift is proper at the second in that case. Since we don’t have any agreement on the multi-path fading channel introduction and configuration, we should keep MCS16 until there is obvious proof against it.
Proposal 2: Postpone this discussion until we have agreement on introduction multi-path fading channel under high Doppler shift. Even if we agree to introduce it, this discussion should be postponed after we have preliminary simulation results.  


Issue 3: DFT-s-OFDM wave form
· Option 1: Introduce PUSCH HST requirements for DFT-s-OFDM.
· Option 2: Do not introduce PUSCH HST requirements for DFT-s-OFDM
· Option 3: Define DFT-s-OFDM only for 350km/h scenario, 1T2R and minimum channel bandwidth
Issue 4: Organisation of high-speed train requirement sections for PUSCH DFT-s-OFDM in specifications
· Option 1: In HST PUSCH section currently used for 350kph (e.g., 38.104 section 8.2.4)
· New test parameter table and minimum requirements tables(s) for “transform precoding = on”.
· Option 2: TBD after DFT-s-OFDM agreement.
Issue 5: If DFT-s-OFDM is introduced: Applicability rule
· Option 1: Similar applicability rule for waveforms as existing PUSCH performance requirements will be used for HST
· Option 2: TBD after DFT-s-OFDM decision.
RAN4 have a lot of simulation results show no too muchinsignificant difference between CP-OFDM and DFT-s-OFDM in Rel-15 NR. That is to say, Rel-15 have ensured the CP-OFDM implementation is satisfactory. In HST scenario, we think the benefit from DFT-s-OFDM is also very limited since the performance degradation is mainly caused by high Doppler shift. In that case, maybe more DM-RS symbols is more helpful than changing waveform. 
We also don’t think there is coverage problem in HST scenario since BS usually deploy along the railway. Some companies argued that the coverage might not be comparable with LTE since LTE use DFT-s-OFDM. But we need to notice that LTE use higher MCS than MCS2. Comparing the performance requirements in LTE with NR simulation results, the latter one has several dB better than the former. In another word, even we think there will be coverage issue in HST scenario, CP-OFDM with lower MCS in NR should have no coverage issue compared with DFT-s-OFDM with higher MCS in LTE.  
Furthermore, Option 3 in Issue 3 is also not practical. How to handle the BS supported 500km/h? Should it also test DFT-s-OFDM at 350km/h? If we don’t test this kind of BS, then it implicitly suggests that BS supported 500km/h have no coverage issue, but the BS supported 350km/h might. It would be a strange requirement. 
In summary, adding DFT-s-OFDM requirements are unnecessary and might cause confusion.          
Also considering NR will be used for re-farming band mentioned by companies, we doubt that the coverage would be an issue since the propagation loss might get smaller. The benefit from DFT-s-OFDM is still limited when the coverage is good enough. 
Proposal 3: Do not introduce DFT-s-OFDM requirements for HST scenarios.  


Issue 6: Is multi-path fading channel under high Doppler value a common scenario?
· Option 1: Multi-path fading channel is very rare in HST scenarios (open area or tunnel).
· Option 2: Fading channel is also typical condition in the real propagation under high speed.
Issue 7: Multi-path fading channel under high Doppler value
· Option 1: Do not specify requirements for multi-path fading channel models with high Doppler values.
· Option 2: Specify PUSCH requirements for multi-path fading channel with maximum doppler shift of 1200Hz and 2400Hz for 15kHz SCS and 30kHz SCS, respectively.
· Option 3: Specify PUSCH requirements for multi-path fading channel with maximum doppler shift of 600Hz and 1200Hz for 15kHz SCS and 30kHz SCS, respectively.
Issue 8: Organization of high-speed train requirement sections for PUSCH fading channel under high Doppler in specifications
· Option 1: Introduce in non-HST PUSCH section.
· Option 2: Introduce in HST PUSCH section.
· Option 3: TBD after PUSCH fading channel under high Doppler agreement.
We still believe that the multi-path fading channel under high doppler shift is not a typical HST scenario and should not be included in the HST discussion. We have commented on this several times in the last meetings summary [2] that the time of UE experiencing multi-path fading with high Doppler shift is not expected rare instance in no matter tunnel or open area scenarios for HST. 
In tunnel scenario, the signal is scattered by reflections but all of these reflections are from points immediately around the train and so the delay spread is very low. One scenario we think there might be slightly higher fading is between the junctions when a train enters or exists the tunnel. But it is still questionable that very high fading would occur.
Besides tunnel scenario, multi-path fading can be expected in general urban area with plenty of buildings, vehicles etc., but the speed of the train should be quite lower than 500km/h or 350km/h in such area because it is close to rail station. Thus the very high doppler shift can’t also be expected. But in HST open scenario, the BS are deployed along the railway that there is no such kind of reflectors between BS and UE to generate high delay spread. Thus multi-path fading channel is also not expected in HST open scenario.  
In LTE approach, the multi-path fading requirements are in a separate section from HST requirements, and it also indicated that we should treat multi-path fading requirements as normal NR requirements not HST requirements. So we prefer not to introduce multi-path fading channel under high Doppler shift to HST scenario.
Proposal 4: Do not introduce multi-path fading channel under high Doppler shift requirements to HST scenario. 

3. Conclusion
Issue 1: High speed support declaration for HST PUSCH
Proposal 1: Declare category of supported maximum speed. This can be either 350km/h or 500km/h. Only the corresponding requirements are tested.

Issue 2: If 1T1R requirements is introduced: MCS configuration
Proposal 2: Postpone this discussion until we have agreement on introduction multi-path fading channel under high Doppler shift. Even if we agree to introduce it, this discussion should be postponed after we have preliminary simulation results.  

Issue 3: DFT-s-OFDM wave form
Issue 4: Organisation of high-speed train requirement sections for PUSCH DFT-s-OFDM in specifications
Issue 5: If DFT-s-OFDM is introduced: Applicability rule
Proposal 3: Do not introduce DFT-s-OFDM requirements for HST scenarios.

Issue 6: Is multi-path fading channel under high Doppler value a common scenario?
Issue 7: Multi-path fading channel under high Doppler value
Issue 8: Organization of high-speed train requirement sections for PUSCH fading channel under high Doppler in specifications
Proposal 4: Do not introduce multi-path fading channel under high Doppler shift requirements to HST scenario.
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