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Introduction
Nokia has outlined its principal opinions on NR Rel-16 HST BS demodulation requirements recently in [1]. Ultimately, the following topics have been decided to be in the scope of Rel-16 in the NR_HST work item [2], [3]:
	· Specify the BS demodulation requirements and test cases for 
· PUSCH 
· PRACH restricted set A for preamble format 0
· PRACH restricted set B for preamble format 0
· PUSCH for UL timing adjustment
· Other requirements are not precluded if needed
· NOTE: PUSCH with HST single tap channel model, PRACH restricted set A/B and PUSCH for UL timing adjustment, test assumptions and corresponding CR(s) to be finalized by Dec. 2019 and final CRs including the requirement SNR to be finalized by Mar. 2020 should support at least up to 350 km/h. A single set of requirements supporting greater speeds is not precluded if RAN4 decides a single set of requirements is feasible and they are completed within this timescale.



In previous Rel-15 efforts a possible foundation for HST requirements was discussed [4], but ultimately not approved as some issues with infeasible/unclear configurations were observed and captured in the RAN4#92 chairman report.
In this contribution we will discuss how to move forward on the observations made in the Rel-15 efforts and we will supplement our previous input to the Rel-16 WI [1] [5], where necessary and/or helpful.
Our general approach in the following is to align with previous RAN4 Rel-15 discussions [4] and with previous RAN1 work [6, Appendix A.1 “Link level simulation assumptions”] [7, Section 6.1.5] [8] whenever possible.
Some preliminary accompanying simulation results to this discussion can be found in our contribution [12].



Discussion
Lessons learned from Rel-15 efforts
PUSCH DM-RS and PT-RS configurations
During preliminary efforts in the Rel-15 NR_newRAT-Perf WI, some feasibility issues have been observed. For example, running the scenarios and configurations detailed in WF [9] using a simulation with standard receivers and standard FOE/phase ambiguity estimation methods, we observe the following outcomes, which are partially taken from [10]:
Table 1: Summary of simulations on feasibility of HST PUSCH based on previously considered Rel-15 parametrization (excerpt of [10], DMRS l0 = 3, UE speed = 300 kph)
	PUSCH HST 1T2R
	SNR @70% TPUT (Ideal)

	CP-OFDM
	FR1 Mapping type A
	3,6GHz, 30kHz, 40MHz
	MCS2
	AWGN HST3 - 2000
	DMRS 1+1
	NA

	
	
	
	
	
	DMRS 1+1+1
	-5,87

	
	
	
	
	
	
	

	DFT-s-OFDM
	FR1 Mapping type A
	3,6GHz, 30kHz, 10MHz
(24PRB in middle of test BW)
	MCS2
	AWGN HST3 - 2000
	DMRS 1+1
	NA

	
	
	
	
	
	DMRS 1+1+1
	-6,36



From these results we make the following observations:
Observation 1: DM-RS configuration 1+1 is unreliable in achieving 70% of the maximum throughput, in all tested bands.
Observation 2: For DM-RS configuration 1+1+1, the maximum allowable doppler frequency shifts covers the complete range of options.
Based on these observations we make the following proposals on how to configure the HST PUSCH minimum performance requirement system, which are mostly in line with the discussions at RAN4#91 [4]:
Proposal 1: RAN4 to consider using DM-RS configuration 1+1+1 in the Rel-16 HST PUSCH minimum performance requirement system configuration to achieve a reliable test.

Additionally, it has been observed that the FOE/phase ambiguity estimation methods are a major limiting factor in producing a reliable HST system. To improve the performance and reliability it is beneficial to additionally configure a PT-RS [15]. This would also constitute a tangible improvement over the LTE HST use case, since PT-RS support is NR exclusive, and maximum TPUT is higher as time dense PT-RS uses less REs than time dense DM-RS. Hence, we propose:
Proposal 2: RAN4 to consider configuring PT-RS (KPT-RS=2 and LPT-RS=1 or 2) in the Rel-16 HST PUSCH minimum performance requirement system configuration to improve feasibility at common DMRS configurations, such as DMRS 1+0 and DMRS 1+1, and to maximise TPUT.

Using DM-RS configuration 1+1+1 will also allow us to align the HST PUSCH DM-RS position with the non-HST cases from Rel-15:
Proposal 3: In case PUSCH TDRA is Type A is chosen, RAN4 to consider aligning the Rel-16 HST PUSCH DM-RS position configuration with the non-HST case, i.e., the default value l0=2 (DM-RS is Type 1).


PRACH FO and channel model
Concerning the PRACH frequency offset (FO), some confusion has arisen in the Rel-15 discussion on what values make sense and are required for testing HST requirements.
Following the WID [3], Nokia prefers to have a FO that matches the Doppler shift experienced by a UE moving at 350kph. We furthermore propose to focus the HST testing by follow the previous RAN1 evaluations and assuming 100% of users of the HST cell to be located within the train moving constantly at maximum velocity.
Proposal 4: RAN4 to consider PRACH FO matching the Doppler shift experienced by a UE moving at 350kph.
Proposal 5: RAN4 to only consider UEs moving at constant maximum velocity for HST PRACH performance evaluations.

Concerning the PRACH channel model, there was some confusion regarding the naming conventions of TDL propagation models in the Rel-15 discussions. We want to restate the RAN4 conventions here [11, Appendix G.2.2]:
	The propagation conditions used for the performance measurements in multi-path fading environment are indicated as a combination of a channel model name and a maximum Doppler frequency, i.e., TDLA<DS>-<Doppler>, TDLB<DS>-<Doppler> or TDLC<DS>-<Doppler> where ‘<DS>‘ indicates the desired delay spread and ‘<Doppler>’ indicates the maximum Doppler frequency (Hz).



[bookmark: _Hlk14620079]Hence the previously discussed propagation model of “TDLC300-100” does not make sense, since a maximum Doppler frequency of 100Hz is not compatible with the HST scenario. 
Upon checking with Nokia's test and simulation resources, we confirm that the correct Doppler value for the TDL propagation model must be chosen (even in the single tap case discussed later on).
The Doppler spectrum imposed on each TDL tap should match the speed of the train, in addition to how the position changes of the train impact the propagation environment. The Doppler value should match the value of a UE moving at 350kph.
Proposal 6: RAN4 to consider a TDL propagation model with a Doppler spread matched to the value of a UE moving at 350kph, whenever feasible.
The accompanying simulation results [12] show a strong dependency of the performance requirements to the inclusion of the correct Doppler value in the TDL propagation environment. Hence, this part of the system setup must necessarily be aligned between all contributors.


Discussion Rel-16 efforts
From Rel-15
Following the previous section, we propose to take all lessons learned into account for Rel-16, and use DM-RS configuration 1+1+1, configure PT-RS, and fix the TDL channel modelling. 
The efficacy of configuring PT-RS for Doppler compensation (especially in DM-RS configurations without additional positions) is shown in [15].
The DM-RS 1+1+1 configuration was also previously found to provide the best results in other WGs [8], albeit that other parts of the configuration there do not fully match previous discussions from RAN4 Rel-15.

Single tap TDL
Following the plenary’s decision of single tap TDL propagation condition modelling, is feasible without too much effort from the Rel-15 starting point. Single tap TDL is akin to AWGN modelling with an additional (and invisible) phase rotation and doppler spectrum (“Jakes spectrum”) addition.
However, the Doppler effect still needs to be correctly modelled, even though only one tap is present. This step cannot be skipped.

SFN
Following the plenary’s decision of single frequency network (SFN) modelling of the time dependent propagation environment, we want to propose the use of a non-directional SFN layout, as previously used in other WG1 [8]:
	A SFN deployment is adopted, as shown in Figure 1, where an infinite number of RRHs are equidistantly distributed along the track, and the UE connects to the 4 nearest RRHs that share the same cell ID. 
[image: ]
Figure 1. Deployment of HST-SFN
UE moves along the railway track, and experiences different Doppler shifts and path delays at different locations. To check UE’s performance, 
· A number of UE locations along the track are chosen, and link level simulation (LLS) is performed for each location to evaluate the throughput performance for each numerology. 
· Then throughput average of all the locations can be the performance of this numerology.
· Performance of different numerologies are compared.

To simplify the evaluation, no handover is considered.



PUSCH UL timing adjustment
The topic of minimum performance requirements for UL timing adjustment has not yet been discussed in NR for Rel-15. 
The BS can do the timing offset estimation (TOE) in PUSCH using the two reference signals DM-RS and PT-RS. Additionally, LTE allowed for the configuration of SRS in the PUSCH UL timing adjustment test, ostensibly to allow for improvement or replacing of the PUSCH based TOE.
Most of the test setup and parameters from LTE can be re-used [13, section 8.2.2] [14, section 8.2.2], in particular the moving UE SNR @ 70% TPUT performance metric, optional SRS configuration, and moving propagation scenario 2.
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
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	Ud
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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.
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Following section 2.1 and the previous Rel-16 discussion, we summarize our proposed HST PUSCH configuration as follows:
Proposed test parameters for Rel-16 HST PUSCH
Table: Proposed test parameters for Rel-16 HST PUSCH
	Parameter
	Value

	Transform precoding
	Disabled
	Enabled

	Number of Tx
	1
	1

	Number of Rx
	2
	2

	Number of layers
	1
	1

	DM-RS type
	type 1, CDMgroup=2
	type 1, CDMgroup=2

	Number of DMRS symbols
	DM-RS 1+1+1, l0=2
	DM-RS 1+1+1, l0=2

	symbols length
	14
	14

	start symbol index
	0
	0

	Time domain resource allocation type
	type A
	type A

	Frequency domain resource
	Full applicable test bandwidth
	Full applicable test bandwidth

	MCS index
	2
	2

	Carrier frequency (GHz)
	3.6GHz
	3.6GHz

	Propagation condition
	HST 3 like, 350kph,
single tap TDL,
non-directional SFN
	HST 3 like, 350kph,
single tap TDL,
non-directional SFN

	SCS and BW
	30kHz/10MHz
	30kHz/10MHz

	PT-RS
	K_PT-RS=2 and L_PT-RS=1
	K_PT-RS=2 and L_PT-RS=1

	Timing offset
	0
	0

	Frequency offset
	0
	0

	Code block group, Frequency hopping, Limited buffer rate matching
	Disabled
	Disabled

	Number of HARQ transmissions 
	4
	4

	Testing metric
	SNR @70% of maximum throughput
	SNR @70% of maximum throughput




Proposed test parameters for Rel-16 HST PUSCH for UL timing adjustment:
[bookmark: _Hlk14624395]Table: Proposed test parameters for Rel-16 HST PUSCH for UL timing adjustment
	Parameter
	Value

	Transform precoding
	Disabled

	Number of Tx
	1

	Number of Rx
	2

	Number of layers
	1

	DM-RS type
	type 1, CDMgroup=2

	Number of DMRS symbols
	DM-RS 1+1, l0=2

	symbols length
	12

	start symbol index
	0

	Time domain resource allocation type
	type A

	Frequency domain resource
	Full applicable test bandwidth

	MCS index
	2

	Carrier frequency (GHz)
	3.6GHz

	Propagation condition
	LTE moving propagation scenario 2, 350kph

	SCS and BW
	30kHz/10MHz

	PT-RS
	K_PT-RS=2 and L_PT-RS=1

	Timing offset
	0

	Frequency offset
	0

	Code block group, Frequency hopping, Limited buffer rate matching
	Disabled

	Number of HARQ transmissions 
	4

	SRS ports
	1

	SRS comb
	combOffset-n2 = 0

	SRS time domain
	nrofSymbols = n1
startPosition = 1

	SRS frequency domain
	b_SRS=0, c_SRS chosen for maximum in test bandwidth

	Testing metric
	SNR @70% of maximum throughput




Summary PRACH
Following section 2.1 and the previous Rel-16 discussion, we summarize our proposed HST PRACH configuration as follows:
Proposed test parameters for Rel-16 HST PRACH:
Table: Proposed test parameters for Rel-16 HST PRACH
	Parameter
	Value

	Restricted Set
	A
	B

	PRACH Format
	0
	0

	N_CS
	15
	15

	Logical sequence index
	384
	30

	nu
	0
	30

	Number of Tx
	1
	1

	Number of Rx
	2, 8
	2, 8

	Carrier frequency (GHz)
	3.6GHz
	3.6GHz

	Propagation condition
	TDLC300-a, where a is 350kph Doppler equivalent
	TDLC300-a, where a is 350kph Doppler equivalent

	Timing offset
	0
	0

	Frequency offset
	350kph Doppler equivalent
	350kph Doppler equivalent

	Testing metric
	False alarm probability: 0.1%
missed detection: 99%
	False alarm probability: 0.1%
missed detection: 99%





Conclusion
In this contribution we have provided our views on the work decided to be carried out in the new WI NR high speed train performance requirements (NR_HST). We have made the following observations and proposals:

Lessons learned from Rel-15 efforts
1. DM-RS configuration 1+1 is unreliable in achieving 70% of the maximum throughput, in all tested bands.
Observation 4: For DM-RS configuration 1+1+1, the maximum allowable doppler frequency shifts covers the complete range of options.
Based on these observations we make the following proposals on how to configure the HST PUSCH minimum performance requirement system, which are mostly in line with the discussions at RAN4#91 [4]:
1. RAN4 to consider using DM-RS configuration 1+1+1 in the Rel-16 HST PUSCH minimum performance requirement system configuration to achieve a reliable test.
Proposal 8: RAN4 to consider configuring PT-RS (KPT-RS=2 and LPT-RS=1 or 2) in the Rel-16 HST PUSCH minimum performance requirement system configuration to improve feasibility at common DMRS configurations, such as DMRS 1+0 and DMRS 1+1, and to maximise TPUT.
Proposal 9: In case PUSCH TDRA is Type A is chosen, RAN4 to consider aligning the Rel-16 HST PUSCH DM-RS position configuration with the non-HST case, i.e., the default value l0=2 (DM-RS is Type 1).
Proposal 10: RAN4 to consider PRACH FO matching the Doppler shift experienced by a UE moving at 350kph.
Proposal 11: RAN4 to only consider UEs moving at constant maximum velocity for HST PRACH performance evaluations.
Proposal 12: RAN4 to consider a TDL propagation model with a Doppler spread matched to the value of a UE moving at 350kph, whenever feasible.

Discussion Rel-16 efforts.
Proposed test parameters for Rel-16 HST PUSCH
	Parameter
	Value

	Transform precoding
	Disabled
	Enabled

	Number of Tx
	1
	1

	Number of Rx
	2
	2

	Number of layers
	1
	1

	DM-RS type
	type 1, CDMgroup=2
	type 1, CDMgroup=2

	Number of DMRS symbols
	DM-RS 1+1+1, l0=2
	DM-RS 1+1+1, l0=2

	symbols length
	14
	14

	start symbol index
	0
	0

	Time domain resource allocation type
	type A
	type A

	Frequency domain resource
	Full applicable test bandwidth
	Full applicable test bandwidth

	MCS index
	2
	2

	Carrier frequency (GHz)
	3.6GHz
	3.6GHz

	Propagation condition
	HST 3 like, 350kph,
single tap TDL,
non-directional SFN
	HST 3 like, 350kph,
single tap TDL,
non-directional SFN

	SCS and BW
	30kHz/10MHz
	30kHz/10MHz

	PT-RS
	K_PT-RS=2 and L_PT-RS=1
	K_PT-RS=2 and L_PT-RS=1

	Timing offset
	0
	0

	Frequency offset
	0
	0

	Code block group, Frequency hopping, Limited buffer rate matching
	Disabled
	Disabled

	Number of HARQ transmissions 
	4
	4

	Testing metric
	SNR @70% of maximum throughput
	SNR @70% of maximum throughput



Proposed test parameters for Rel-16 HST PUSCH for UL timing adjustment:
	Parameter
	Value

	Transform precoding
	Disabled

	Number of Tx
	1

	Number of Rx
	2

	Number of layers
	1

	DM-RS type
	type 1, CDMgroup=2

	Number of DMRS symbols
	DM-RS 1+1, l0=2

	symbols length
	12

	start symbol index
	0

	Time domain resource allocation type
	type A

	Frequency domain resource
	Full applicable test bandwidth

	MCS index
	2

	Carrier frequency (GHz)
	3.6GHz

	Propagation condition
	LTE moving propagation scenario 2, 350kph

	SCS and BW
	30kHz/10MHz

	PT-RS
	K_PT-RS=2 and L_PT-RS=1

	Timing offset
	0

	Frequency offset
	0

	Code block group, Frequency hopping, Limited buffer rate matching
	Disabled

	Number of HARQ transmissions 
	4

	SRS ports
	1

	SRS comb
	combOffset-n2 = 0

	SRS time domain
	nrofSymbols = n1
startPosition = 1

	SRS frequency domain
	b_SRS=0, c_SRS chosen for maximum in test bandwidth

	Testing metric
	SNR @70% of maximum throughput



Proposed test parameters for Rel-16 HST PRACH:
	Parameter
	Value

	Restricted Set
	A
	B

	PRACH Format
	0
	0

	N_CS
	15
	15

	Logical sequence index
	384
	30

	nu
	0
	30

	Number of Tx
	1
	1

	Number of Rx
	2, 8
	2, 8

	Carrier frequency (GHz)
	3.6GHz
	3.6GHz

	Propagation condition
	TDLC300-a, where a is 350kph Doppler equivalent
	TDLC300-a, where a is 350kph Doppler equivalent

	Timing offset
	0
	0

	Frequency offset
	350kph Doppler equivalent
	350kph Doppler equivalent

	Testing metric
	False alarm probability: 0.1%
missed detection: 99%
	False alarm probability: 0.1%
missed detection: 99%




References
[1] RP-191026, Email discussion summary of RAN4 NR Rel-16 HST scope, Intel Corporation, RAN#84.
[2] RP-191027, Way forward on RAN4 Rel-16 NR RRM and demod scope, RAN4 chairman (Samsung), RAN#84.
[3] RP-191512, New WID on NR support for high speed train scenario, CMCC, RAN#84.
[4] R4-1907243, WF on high speed related requirements for NR BS demodulation in Rel.15, NTT DOCOMO, INC., RAN4#91.
[5] RP-191024, Email discussion summary of RAN4 NR Rel-16 RRM scope, Intel Corporation, RAN#84.
[6] TR 38.802, Study on new radio access technology Physical layer aspects, V14.2.0.
[7] TR 38.913, Study on scenarios and requirements for next generation access technologies, V15.0.0.
[8] RP-181985, Collection of evaluation results for high speed train performance with R15 numerologies, CMCC, Ericsson, MTK, ZTE, Qualcomm, Intel, Nokia, Huawei, RAN#81.
[9] R4-1904720, Way forward on high speed related requirements for NR BS demodulation in Rel-15, NTT DOCOMO, RAN4#90-Bis.
[10] R4-1906368, NR Rel-15 HST evaluation results, Nokia, Nokia Shanghai Bell, RAN4#91.
[11] TS 38.104, NR; Base Station (BS) radio transmission and reception, V15.6.0.
[12] R4-1908133, NR Rel-16 HST simulation results, Nokia, Nokia Shanghai Bell, RAN4#92.
[13] TS 36.104, Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception, V15.7.0.
[14] TS 36.141, Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) conformance testing, V15.7.0.
[15] R4-1908282, Discussion on maximum Doppler shift in uplink for Rel-16 NR high speed train scenarios, Nokia, Nokia Shanghai Bell, RAN4#92.

image1.png




