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Introduction
[bookmark: _Hlk23751376]In the RAN4#92-bis meeting, the foundations of Rel-16 PUSCH HST BS demodulation performance requirements were discussed and the next steps were captured in a WF [1].
[bookmark: _Hlk23751403]For 350kph, a baseline test case configuration was agreed, with some open questions on l0 and 1Rx.
Also, for 500kph a baseline test case configuration was agreed. However, all, except one, company that supplied simulation results, had doubts on the feasibility of the 15kHz scenario with 2.1GHz centre frequency. Further open questions persist with respect to l0 and 8Rx.
In this contribution we will discuss the above listed open points, mainly based the simulation results captured in our simulation companion contribution [2]. Additional simulation results, including full TPUT vs. SNR curves, can be found in our earlier contribution [3].


350kph baseline

350kph baseline feasibility
Since the 350kph PUSCH baseline is very well defined, we have taken to simulate its performance in [2]. We have observed no feasibility issues:
[bookmark: _Hlk24046344]The 350kph HST PUSCH baseline configuration does not have feasibility issues.

350kph l0
One of the two remaining options in the 350kph baseline is the choice of l0 (either 2 or 3).
Since we observed that both are perfectly feasible for 350kph [2], we propose to align with non-HST and chose l0=2.
RAN4 to consider l0=2 for 350kph PUSCH test cases.

350kph and 1Rx
The last open question for the 350kph baseline, is the inclusion of 1Rx test cases.
We remark here that the current RAN4 BS demodulation requirements for OTA map each of the demodulation branches to a single polarization of the test antenna(s); no mixing of the branches over two polarization is done. See [R4-1911191]:
	4)	Connect the BS tester generating the wanted signal, multipath fading simulators and AWGN generators to a test antenna via a combining network in OTA test setup, as shown in annex E.3. Each of the demodulation branch signals should be transmitted on one polarization of the test antenna(s).



This means that OTA testing of 1Rx requirements is facing issues with polarization alignment between TE and DUT. Also, the 1Rx OTA testing does not represent the real-world performance well, as true single receiver branch implementations will be receiving signals from both polarizations of an X-Pol antenna (exactly to avoid polarization alignment issues). However, all logical NR implementations will use two (or more) receiver branches, even for the single layer case, making a separate implementation of a single branch to X-Pol antenna receiver unnecessary.
OTA testing of 1Rx test cases introduces test setup issues and does not reflect real world performance.
Hence, we propose:
RAN4 to not consider 1Rx requirements in PUSCH demodulation performance testing.


500kph 15kHz, l0 impact on max FOE
The (arguably) largest open issue for 500kph HST PUSCH testing form RAN4#92-bis, is the question of FOE feasibility in the scenario
· 15kHz, 2.1GHz centre frequency (i.e., 1944Hz max Doppler), type A TDRA, DM-RS 1+1+1, with l0 either 2 or 3 in the tunnel HST single tab channel model.
Most companies provided simulation results in RAN4#92-bis that showed this scenario to be infeasible. However, questions were raised, if choosing l0=3 would change this.
We have taken to simulate this question in [2].
Looking at the following table of results, we remark that this scenario is outside of FOE range for both l0=2 and l0=3.
Table 3: PUSCH, 500kph, CP-OFDM, 1T2R, Type A TDRA: simulation results
	ID
	Freq/Speed
	Propagation condition
	BW/SCS
	DM-RS
	MCS
	SNR@ 30% TPUT
	SNR@ 70% TPUT

	3017
	2.1GHz/500kph
	Single Tap-Scen3-1944Hz
	10MHz/15kHz
	1+1+1 l0=2
	2
	NaN
	NaN

	3018
	
	
	
	
	16
	NaN
	NaN

	3019
	
	
	
	1+1+1 l0=3
	2
	NaN
	NaN

	3020
	
	
	
	
	16
	NaN
	NaN



Hence, we propose
RAN4 to consider lowering the centre frequency of the 15kHz/500kph test case, to 1.9GHz or lower.
Concerning the choice of l0, we are open to either chose l0=2 for 350kph and 500kph, or l0=2 for 350kph and l0=3 for 500kph.


500kph baseline
Also, the 500kph baseline was quite well defined in the last meeting (except for the 15kHz and l0 questions). 

Concerning 500kph/30kHz Doppler
Since we have previously agreed to test 30kHz in conjunction with 3.6GHz, we propose to chose option that reflects this:
RAN4 to consider a maximum Doppler shift of 3334Hz for 30kHz SCS and 500kph.

Concerning 500kph 8Rx
In order to align OTA and conducted test cases, we propose to:
RAN4 to only consider 2Rx for 500kph PUSCH test cases



Conclusion
In this contribution we have provided our views on the Rel-16 PUSCH HST BS demodulation requirement issues of maximum Doppler shift at 350kph/500kph, DM-RS positioning, channel modelling and comparison of reference signal performance. We have made the following proposals and observations:

350kph baseline feasibility
1. The 350kph HST PUSCH baseline configuration does not have feasibility issues.
350kph l0
1. RAN4 to consider l0=2 for 350kph PUSCH test cases.
350kph and 1Rx
OTA testing of 1Rx test cases introduces test setup issues and does not reflect real world performance.
RAN4 to not consider 1Rx requirements in PUSCH demodulation performance testing.

500kph 15kHz, l0 impact on max FOE
RAN4 to consider lowering the centre frequency of the 15kHz/500kph test case, to 1.9GHz or lower.

500kph/30kHz Doppler
RAN4 to consider a maximum Doppler shift of 3334Hz for 30kHz SCS and 500kph.
500kph 8Rx
RAN4 to only consider 2Rx for 500kph PUSCH test cases
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