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Introduction
In the RAN4#93 meeting, most of the remaining Rel-16 HST BS PUSCH and UL TA demodulation performance requirements were agreed upon. Agreements and the remaining steps were captured in WF [1].
The few remaining open issues in this WF are clustered around:
· PUSCH 1x1, PUSCH 500kph MCS, PUSCH l0 value simulation alignment.
· UL TA SRS placement
Open issues not yet discussed in previous meetings are, a possible 350/500kph conformance test split (as was raised during pre-meeting email discussions), UL TA alignment with LTE agreements, applicability rules for base station types, radio frame patterns, and the choice of UL TA KPI.
In this contribution, we will address the above-mentioned open topics.


PUSCH

PUSCH tunnel scenario 1T1R
The question of having requirements/tests for 1T1R antenna configurations was left open after RAN4#93 [1]:
	· Antenna configuration: 
· Tunnel scenario: 1x2, FFS 1x1
· Test setup for conducted test with 1x1 needs further discussion
· FFS on OTA test for 1x1
· Whether to introduce test for 1x1 needs to consider the testable SNR value



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 [2]:
	[bookmark: _Hlk31295951]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. Real world performance of such a deployment with 1 antenna UEs, even with a “leaky cable” RF distribution, which also leaks across polarization, is not optimal.
1T1R antenna configurations use single polarization for transmission and reception, which poses challenges for polarization alignment between TE and DUT in a test environment.
We furthermore remark, that LTE had 1T1R performance requirements, though no OTA tests are specified in LTE, which circumvents many of the challenges mentioned before and in the following.

Inclusion of performance requirements and tests is possible in the RAN4 NR OTA setup (i.e., without leaky cables), if the DUT is correctly polarization aligned. To allow fair comparison of receiver performance, all active RX branches need to be feed with the specified noise, as is common practice in all previous test setups.
It remains to discuss, if inactive branches (e.g., terminated non-connected branch in a 2Rx BS setup) also need to have noise injected.
It is up to the BS implementation whether or not to choose a particular receiver implementation for this case. This is outside of the scope of the test and requirement definition. However, even the simplest multi-branch receiver algorithms (e.g., MRC) will reduce the weights of branches with no signal energy, hence the question of injecting noise into terminated branches is of little consequence in practical terms.
RAN4 to introduce 1T1R requirements and to use the same test setup for 1T1R as already specified TS 38.141-2, with a test procedure that includes polarization alignment.

For reference, the measurement set-up for 1T1R in [6]:
	[image: ]




[bookmark: _Hlk32313475]PUSCH 500kph MCS
From our simulation results delivered in this meeting [3] we observe that both MCS 2 and MCS are feasible and result in SNR values within acceptable ranges (MCS16: SNR ideal < 7dB and MCS2: SNR ideal < -5dB).
Hence we make the following observation and proposal:
Both MCS 2 and MCS 16 are feasible and have SNR values in practically relevant ranges.
RAN4 to consider MCS 16 as a feasible requirement FRC for 500kph PUSCH.


PUSCH l0 value simulation alignment
The final remaining issue in PUSCH performance requirement alignment is the simulation alignment for l0 [1]:
	· l0  for PUSCH mapping type A
· l0 = 2 (For simulation alignment)
· If no performance different between l0 = 2 and l0 = 3, define performance requirements based on l0 = 2
· l0 value for testing is based on BS declaration



We have previously observed that both are perfectly feasible with virtually no performance difference for 350kph [4]
	Table 2: PUSCH, 350kph, CP-OFDM, 1T2R, Type A TDRA: simulation setup and results summary
	ID
	Freq/Speed
	Propagation condition
	BW/SCS
	DM-RS
	MCS
	SNR@
70% TPUT

	3001
	2.1GHz/350kph
	Single Tap-Scen3-1340Hz
	10MHz/15kHz
	1+1+1 l0=2
	2
	-5,93

	3002
	
	
	
	
	16
	5,75

	3003
	
	
	
	1+1+1 l0=3
	2
	-5,94

	3004
	
	
	
	
	16
	5,75

	3005
	
	Single Tap-Scen1-1340Hz-option2
	10MHz/15kHz
	1+1+1, l0=2
	2
	-6,00

	3006
	
	
	
	
	16
	5,73

	3007
	
	
	
	1+1+1 l0=3
	2
	-6,00

	3008
	
	
	
	
	16
	5,73

	3009
	3.6GHz/350kph
	Single Tap-Scen3-2334Hz
	40MHz/30kHz
	1+1+1 l0=2
	2
	-5,97

	3010
	
	
	
	
	16
	5,74

	3011
	
	
	
	1+1+1 l0=3
	2
	-5,97

	3012
	
	
	
	
	16
	5,75

	3013
	
	Single Tap-Scen1-2334Hz-option2
	40MHz/30kHz
	1+1+1, l0=2
	2
	-6,01

	3014
	
	
	
	
	16
	5,72

	3015
	
	
	
	1+1+1 l0=3
	2
	-6,02

	3016
	
	
	
	
	16
	5,72


 



And this observation continues in this meeting [3]:
	Table 2: PUSCH, 350kph, CP-OFDM, AWGN, Type A TDRA: simulation setup and results summary
	Propagation condition
	Carrier frequency (GHz)
	SCS
	CBW
	Maximum Doppler shift
	Tx/Rx
	DMRS
	MCS
	SNR (dB)

	
	
	
	
	
	
	
	
	Ideal, l0=2
	Ideal, l0=3

	Tunnel
	2.1
	15KHz
	10MHz
	1340Hz
	1T1R
	1+1+1
	2
	
	 

	
	
	
	
	
	
	1+1+1
	16
	
	 

	
	
	
	
	
	1T2R
	1+1+1
	2
	-5,93
	-5,94

	
	
	
	
	
	
	1+1+1
	16
	5,75
	5,75

	
	3.6
	30KHz
	40MHz
	2334Hz
	1T1R
	1+1+1
	2
	
	 

	
	
	
	
	
	
	1+1+1
	16
	
	 

	
	
	
	
	
	1T2R
	1+1+1
	2
	-5,97
	-5,97

	
	
	
	
	
	
	1+1+1
	16
	5,74
	5,75

	Open space
	2.1
	15KHz
	10MHz
	1340Hz
	1T2R
	1+1+1
	2
	-6,00
	-6,00

	
	
	
	
	
	
	1+1+1
	16
	5,73
	5,73

	
	
	
	
	
	1T8R
	1+1+1
	2
	
	 

	
	
	
	
	
	
	1+1+1
	16
	
	 

	
	3.6
	30KHz
	40MHz
	2334Hz
	1T2R
	1+1+1
	2
	-6,01
	-6,02

	
	
	
	
	
	
	1+1+1
	16
	5,72
	5,72

	
	
	
	
	
	1T8R
	1+1+1
	2
	
	 

	
	
	
	
	
	
	1+1+1
	16
	
	 


 



Thus, we see no issue to align with non-HST by choosing l0=2 for 350 kph PUSCH requirements. However, certain DM-RS based FOE implementations might struggle at increased speeds. FOE, based on the closest DM-RS, does not show this degradation.
Since in our simulations, there is virtually no difference between l0=2 and l0=3 and concerns about fixing the l0 value have been raised, we can agree to allow either solution in the requirement and test specification. The same FRC can be used for both configurations and simulation results of the better one are to be supplied.
Choosing l0=2 and l0=3 result in identical SNR requirements for 350 kph PUSCH.
RAN4 to consider allowing to freely choose either l0=2 or l0=3 to align simulation results and deliver performance requirement input for HST PUSCH.


Email discussion on TDD/FDD/radio frame patterns
In the email exchanges leading up to RAN4#94-e, it was requested for companies to express their opinion on the TDD/FDD/radio frame patterns to be used in HST PUSCH requirement evaluation:
	5. Open issue for HST
As checking with LTE HST,  one parameter is to indicate which subframes are for PUSCH tranmitted in one radio frame for both TDD and FDD.(see table 8.2.3-1 ). From my understanding, the purpose is to reduce the test effort. In case of without this parameter, if my understanding correctly, PUSCH will be transmitted in every subframe for FDD and avaible UL subframe for TDD? whether we should refer LTE to define this parameter, we are open to further discussion to hear views from other companies.




The results provided by Nokia in this meeting [3] assume that the PUSCH TDD/FDD/radio frame pattern is chosen as in the non-HST case. I.e., in FDD PUSCH will be transmitted in every subframe, and in TDD, every radio frame is filled with the repeating TDD pattern:
Table 1: TDD pattern for testing high speed train PUSCH
	Parameter
	Value

	Default TDD UL-DL pattern
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U



We have observed no issues in simulation, and expect no issues in testing, when re-using the non-HST configuration of NR PUSCH. Even more, we discourage falling back on LTE configuration, and promote building on the previous work in NR performance requirements instead.
RAN4 to consider reusing TDD/FDD/radio frame patterns from non-HST performance requirements in the HST PUSCH requirements.





PUSCH UL TA

Previous observations about UL TA testing
The UL timing adjustment performance requirements are used to test the ability of the BS to correctly estimate/track/compensate timing offset, and to send correct (MAC CE based) TA commands to one moving UE, while simultaneously receiving signals/”interference“ from a stationary UE.
Aligning with LTE UL TA performance requirements, the TA commands are sent via an error free side link [5]:
	[bookmark: _Toc21018300][bookmark: _Toc29486763][bookmark: _Toc29757453][bookmark: _Toc29758566]I.3.4	Performance requirement for UL timing adjustment
[image: ]
Figure I.3-4: Functional set-up for performance requirement for UL timing adjustment (Scenario 2 case shown)
NOTE 1:	In case of UL timing adjustment Scenario 1, channel simulators needs to be used for fading and Doppler shift emulation.
NOTE 2: 	The HARQ feedback and TA commands could be done as an RF feedback or as a digital feedback. The HARQ feedback and TA commands should be error free.



Further aligning with LTE, the TPUT is only measured for the moving UE and the Doppler of the moving UE is not considered in all scenarios. Especially the high speed scenarios are exempt from taking Doppler into account [7]:
	8.2.2 Requirements for UL timing adjustment 

The performance requirement of UL timing adjustment is determined by a minimum required throughput for the moving UE at given SNR. The performance requirements assume HARQ retransmissions. The performance requirements for UL timing adjustment scenario 2 defined in Annex B.4 are optional. 
In the tests for UL timing adjustment, two signals are configured, one being transmitted by a moving UE and the other being transmitted by a stationary UE. The transmission of SRS from UE is optional. FRC parameters in Table A.7-1 and Table A.8-1 are applied for both UEs. The received power for both UEs is the same. The resource blocks allocated for both UEs are consecutive. In Scenario 2, Doppler shift is not taken into account. 
This requirement shall not be applied to Local Area BS and Home BS.



In LTE UL TA performance requirements, there is one stationary UE that is not configured to have a timing error and does not receive TA commands from the BS. Furthermore, there is a moving UE whose timing error follows the chosen scenarios and receives TA commands via an error-free side link. The TPUT is only measured for the moving UE.
The Doppler shift of the moving UE is not considered for the high-speed scenarios in LTE UL TA.


0. UL TA and Doppler shift
As was observed in the previous section and even more evident in [7, Appendix B.4]:
	[bookmark: _Toc20997930][bookmark: _Toc29478609][bookmark: _Hlk32309217]B.4	Moving propagation conditions
Figure B.4-1 illustrates the moving propagation conditions for the test of the UL timing adjustment performance. The time difference between the reference timing and the first tap is according Equation (B.4-1). The timing difference between moving UE and stationary UE is equal to Δτ - (TA 31)16Ts. The relative timing among all taps is fixed. The parameters for the moving propagation conditions are shown in Table B.4-1.


Figure B.4-1: Moving propagation conditions

                                                       (B.4-1)
Table B.4-1: Parameters for UL timing adjustment
	Parameter
	Scenario 1
	Scenario 2

	Channel model
	Stationary UE: AWGN
Moving UE: ETU200
	AWGN

	UE speed
	120 km/h
	350 km/h

	CP length
	Normal
	Normal

	A
	10 s
	10 s

	
	0.04 s-1
	0.13 s-1



NOTE 1:	Multipath fading propagation conditions for Scenario 1 were derived for Band 1 with additional rounding applied to the Doppler frequency calculated for the specified UE speed.
NOTE 2:	In Scenario 2, Doppler shift is not taken into account.



In LTE, the UL TA requirements were derived without considering Doppler for high speed scenarios.
We propose to keep this for NR.
RAN4 to not consider Doppler shift in UL TA scenarios with 350 kph and 500 kph UE speed.


UL TA choice of KPI
In the last WF [1] it has been agreed to re-use the LTE test metric of “SNR@70% of maximum throughput for the moving UE”:
	· Test metric
· Reuse LTE test metric
· Maximum throughput for an FRC equals to the payload size* the number of uplink subframes per second in which PUSCH is transmitted
· [bookmark: _Hlk32309495]SNR@70% of maximum throughput for the moving UE



[bookmark: _Hlk32309439]In our simulation campaign, we have observed that synthetic UL TA implementation errors are not detected with 70% TPUT requirements; the SNR is barely impacted. Requirements with >90% were able to show the impact of synthetic implementation issues and misconfigurations.
Synthetic UL TA implementation errors are not detected with 70% TPUT requirements. A value of >90% is required.
RAN4 to consider changing the test metric to SNR@95% of maximum throughput for the moving UE.


UL TA SRS placement
In the last WF [1] it was left for further study, if the SRS is transmitted in the last symbol (like in LTE), or in a different symbol:
	· SRS transmission (optional)
· FDD 
· Slot #1 in radio frames
· TDD
· The last symbol in the special slot (Further check is needed)
· 15kHz SCS: last symbol in slot #3 in radio frames
· 30kHz SCS: last symbol in slot #7 in radio frames



We have previously proposed to deviate from LTE, and use the second to last symbol:
	Some of the LTE setup can be simplified or needs to be reworked. For example, there is no need for separating PUSCH and SRS in different slots.

Following previous PUSCH performance requirements, the uplink-downlink allocation for 30kHz TDD can be chosen as 7D1S2U, with S=6D:4G:4U (S remains unallocated for PUSCH), where the two uplink slots can be chosen to be (Ud=PUSCH):

	Ud
	Ud
	Ud
	Ud
	Ud
	Ud
	Ud
	Ud
	Ud
	Ud
	Ud
	Ud
	Srs
	GP

	0
	
	
	
	
	
	
	
	
	
	
	11
	12
	13



Remark: The bandwidth of the SRS should be chosen as close to the PUSCH bandwidth as possible, to minimize power changes and the associated RF transient periods.




As before, we propose to place the SRS in the second to last symbol to avoid transient period issues:
RAN4 to consider placing the SRS in the second to last symbol to avoid transient period issues.
However, given the frequent allocation of PUSCH and non-modelling of transient periods in our supplied evaluations, we recognize that the placement of the SRS does not have a visible impact on the simulation performance.



Applicability rules for HST related features

Applicability to base station types
In LTE, e.g. [7], the requirements for high speed trains and UL TA are limited in applicability to macro BS only:
	8.2.3 Requirements for high speed train 

The performance requirement of PUSCH for high speed train is determined by a minimum required throughput for a given SNR. The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in Annex A. The performance requirements assume HARQ retransmissions. The performance requirements for high speed train are optional. 

This requirement shall not be applied to Local Area BS and Home BS.




This is done in addition to the whole set of requirements being optional.
We propose to follow the example of LTE in this case, to avoid confusion in local area and medium range BS testing in the future.
RAN4 to capture “these requirements shall only be applied to Wide Area Base Stations [insert reference to corresponding manufacturer declaration]” in the test specifications. The requirement specification [TS 38.104], does not need to make this distinction.
Alternatively, the macro BS only constraint could be captured in the applicability rules section.


Requirements for 350 kph and 500 kph
In the email exchanges leading up to RAN4#94-e, it became evident that agreements are required to clarify applicability of requirements and conditions for specification conformance, for BSs making a distinction between 350kph and 500kph.
In short, the question is if BSs can declare to support only 350kph or full 500kph HST functionality and which requirements are applicable and tested, once 500kph requirements are introduced.
The following are our opinions and proposals:
RAN4 to consider splitting requirements and tests for 350kph and 500kph.
RAN4 to consider letting BS declare support for 350kph or 500kph, and testing conformance with the declared 
The answer to the question of “should passing 500kph tests automatically give a pass for 350kph” is not immediately evident for us. Assuming that the 350kph FRCs and configurations are a true subset of the 500kph FRCs and configurations, the answer should be yes. If the subset assumption is not true, the answer should be no.
Assuming the 350kph FRCs and configurations are a true subset of the 500kph FRCs and configurations, passing 500kph also covers the 350kph conformance. If this assumption does not hold, both cases need to be tested independently.



Conclusion
In this contribution we provided our view on the remaining open issues of HST PUSCH and UL TA, such as, PUSCH 1x1, PUSCH 500kph MCS, PUSCH l0 value simulation alignment, and UL TA SRS placement.
Furthermore we addressed, as of yet unmentioned topics, such as, a possible 350/500kph conformance test split (as was raised during pre-meeting email discussions), UL TA alignment with LTE agreements, applicability rules for base station types, radio frame patterns, and the choice of UL TA KPI.
We have made the following observations and proposals:

PUSCH tunnel scenario 1T1R
1. 1T1R antenna configurations use single polarization for transmission and reception, which poses challenges for polarization alignment between TE and DUT in a test environment.
1. RAN4 to introduce 1T1R requirements and to use the same test setup for 1T1R as already specified TS 38.141-2, with a test procedure that includes polarization alignment.

PUSCH 500kph MCS
Both MCS 2 and MCS 16 are feasible and have SNR values in practically relevant ranges.
RAN4 to consider MCS 16 as a feasible requirement FRC for 500kph PUSCH.

PUSCH l0 value simulation alignment
Choosing l0=2 and l0=3 result in identical SNR requirements for 350 kph PUSCH.
RAN4 to consider allowing to freely choose either l0=2 or l0=3 to align simulation results and deliver performance requirement input for HST PUSCH.

Email discussion on TDD/FDD/radio frame patterns
RAN4 to consider reusing TDD/FDD/radio frame patterns from non-HST performance requirements in the HST PUSCH requirements.

Previous observations about UL TA testing
In LTE UL TA performance requirements, there is one stationary UE that is not configured to have a timing error and does not receive TA commands from the BS. Furthermore, there is a moving UE whose timing error follows the chosen scenarios and receives TA commands via an error-free side link. The TPUT is only measured for the moving UE.
The Doppler shift of the moving UE is not considered for the high-speed scenarios in LTE UL TA.

UL TA and Doppler shift
RAN4 to not consider Doppler shift in UL TA scenarios with 350 kph and 500 kph UE speed.

UL TA choice of KPI
Synthetic UL TA implementation errors are not detected with 70% TPUT requirements. A value of >90% is required.
RAN4 to consider changing the test metric to SNR@95% of maximum throughput for the moving UE.

UL TA SRS placement
RAN4 to consider placing the SRS in the second to last symbol to avoid transient period issues.

Applicability to base station types
RAN4 to capture “these requirements shall only be applied to Wide Area Base Stations [insert reference to corresponding manufacturer declaration]” in the test specifications. The requirement specification [TS 38.104], does not need to make this distinction.

Requirements for 350 kph and 500 kph
RAN4 to consider splitting requirements and tests for 350kph and 500kph.
RAN4 to consider letting BS declare support for 350kph or 500kph, and testing conformance with the declared 
Assuming the 350kph FRCs and configurations are a true subset of the 500kph FRCs and configurations, passing 500kph also covers the 350kph conformance. If this assumption does not hold, both cases need to be tested independently.
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