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1 HST
1.1 Scenarios
· The channel model: 
· HST-SFN scenarios, e.g. the channel mode captured in Section B.3A of 3GPP TS 36.101
· Single tap channel model is  for BS/UE requirements. 

· HST scenarios with high Doppler frequency, e.g. the channel mode captured in Section B.3 of 3GPP TS 36.101
· TDL channel with high Doppler frequency
· Other deployment scenarios are not precluded
· The target speed is up to [500km/h]
· FR1
	Company
	Comments

	CMCC
	Support to specify the above scenarios. 

Regarding the target speed, current high speed train in China is already 400km/h, so we propose to have target speed up to 500km/h. The exact maximum doppler frequency under each channel model can be further discussed in the WI.

HST-SFN is one of the important high speed train deployment scenario. In Rel-15, HST-SFN is not considered due to the limited time. Also, in Rel-15, UE demodulation requirements for 300kn/h (750Hz) HST channel model and 400Hz TDL channel model are specified for UE demodulation requirements. Hence we support to specify the above high speed scenarios in Rel-16.

	MediaTek
	Support above channel models
Target speed 500km/hr can be used as a starting point. Exact value can be up to the conclusion of the study.

	Ericsson
	We believe that prior to creating demodulation requirements, challenges and solutions for RRM in the high velocity environment need to be studied and clarified. 500 km/h is much more challenging than 350 km/h.

For the demodulation requirements, considering the different RS structure for NR, work is needed to identify appropriate frame structures and reference algorithms.

Thus, we think that a staged approach, considering firstly 350 km/h then 500km/h is needed. Considerable work will be needed, and so if this work is undertaken the stages and timescales should take into account the limited time units in RAN4 and whether there are also other priorities in demod.

Regarding IMT-2020, RAN has already observed that the NR specification is capable of fulfilling the mobility requirement. Demodulation requirements are not needed to declare capability to fulfil IMT 2020, thus when prioritizing work there is no need to link the prioritization and timescale to the ITU evaluation.

We do not think that the TDL based channel is needed for high speed scenarios.

To reduce the workload and considering feasibility, the maximum carrier frequency should be 3.6GHz with 30 kHz SCS for TDD.


	vivo
	Support the scenarios. Detailed parameters could be discussed further.

	Intel
	Support the above mentioned scenarios.

	Nokia
	We support introduction of limited number of HST requirements, HST-SFN scenario needs further discussion on actual channel model. Maximum Doppler shift shall be determined not only on operating frequency and velocity but also on NR physical design limitations for all UL channels.

	NTT DOCOMO
	If specified, we suggest to clarify the following points.
· “Up to 500km/h” is unclear. It should be revised as “350km/h and 500km/h”. We consider that the requirements for both 350km/h and 500km/h are needed to cover both the existing and future deployment scenarios.
· RAN architecture is unclear. At least SA, NR-CA and EN-DC should be included in the scope.

	Qualcomm
	Maximum Doppler to be supported should be studied. Also, we do not see the need to include TDL channel models, HST scenarios(including SFN) should be enough to guarantee performance

	Verizon 
	RRM enhancement to support [85mph or 140km/h] mobility by FR2 

· Benefit of vehicle speed service

· Support of uplink and downlink data access

· Specification of high mobility system 

	Huawei
	1: Investigate the transmission scheme for NR HST-SFN

2: Clarify NR HST-SFN means multiple RRHs connecting to one BBU, it is confusing to give an LTE HST-SFN example defined in TS 36.101 section B.3A;

3: Maybe performances under TDL channel models are not needed;

4: Support to define requirements for speed of 500km/h considering the deployment scenario for NR HST and the NR by nature can support such high speed.

5: The maximum Doppler also depends on the specific operating band, not only the velocity, also subcarrier spacing should be taken into account.


Summary:

Discussion points:
· Target speed (FR1)
· Option 1: 500km/h

· Option 2: consider firstly 350 km/h then 500km/h
· Option 3: both 350km/h and 500km/h

· Option 4: 

· Option 1: up to 500km/h. the exact target speed (either band agnostic or band specific) will be decided in WI based on the maximum Doppler decision

· Option 2: up to 350km/h. the exact target speed (either band agnostic or band specific) will be decided in WI based on the maximum Doppler decision

· Maximum carrier frequency (FR1)
· Option 1: up to 3.5GHz for Doppler calculation and channel modeling purpose
· Option 2: further discuss in WI

· Option 2.1: Maximum Doppler shift shall be determined not only on operating frequency and velocity but also on NR physical design limitations for all UL/DL channels.
· Duplex and numerology (FR1)

· Option 1: TDD and 30kHz 
· Option 1.1 TDD and 30kHz and FDD 15kHz

· Option 1.2 TDD and 30kHz and FDD 15kHz, other options are not precluded\

· Option 1.2 TDD and FDD 

· Option 2: will be specified in WI
· Channel model (FR1) will be specified in WI
· The channel model: 
· HST-SFN scenarios, e.g. the channel mode captured in Section B.3A of 3GPP TS 36.101
· Single tap channel model is  for BS/UE requirements. 

· HST scenarios with high Doppler frequency, e.g. the channel mode captured in Section B.3 of 3GPP TS 36.101
· TDL channel with high Doppler frequency
· Other deployment scenarios are not precluded
· RAN architecture

· SA single CC, NR-CA and study the case of EN-DC
· FR2 Vehicle Speed Service
· Target speed (FR2)

· Option 1: 140km/h

· Maximum carrier frequency (FR2)

· Option 1: FR2 band

1.2 Investigate and specify the UE RRM core/performance requirements 

· RAN4 will further decide if non C-DRX should be considered. 

· Cell reselection requirements including cell identification and measurement requirements
· Cell identification requirements for connected mode .

· Measurement delay requirements for connected mode.

· Measurement accuracy requirements in connected mode
· If needed other requirements are not precluded

· Investigate and specify the RRM performance requirements of measurement accuracy.

· Specify the RRM test cases related to new core requirements (if defined):

· Cell reselection requirements

· Cell identification requirements for connected mode.

· Measurement delay requirements for connected mode.

· Measurement accuracy requirements in connected mode
· Other test cases are not precluded if the core requirements are specified.

· If needed, signalling impact should be discussed in RAN2
	Company
	Comments

	CMCC
	Support to specify above RRM requirements.
The above requirements have been specified for LTE high speed scenarios. We believe at least the above requirements need to be considered for NR high speed. Other requirements can also be considered if needed.

	MediaTek
	Support to investigate the impact on RRM requirements. It is important to first identify the feasible deployment and parameter configurations (e.g., SMTC periodicity) for HST, and then specify the core requirements and test cases based on some conditions.

	Ericsson
	See comments above; RRM impact should be investigated and specified firstly considering 350km/h then 500km/h in a staged approach.

	vivo
	Support

	Intel
	Support to investigate the above mentioned RRM requirements. 
We think it’s premature to limit RRM requirement conditions at the beginning, e.g. Cell identification/measurement with non-DRX also could be investigated if any improvement is needed. RLM requirement may also need to be listed in the explicit scope for investigation.

	Nokia
	Support to introduce RRM core requirements for the NR HST scenario to be based on analysis and necessary simulation results.

	NTT DOCOMO
	We suggest to take the following points into consideration:

· The requirements on UL timing, RLM, SCell activation delay for HST

· These depends on the target speed and/or the results of discussion in Rel-16 LTE HST.
· The beam management related requirements for HST, e.g., L1-RSRP measurement

	Qualcomm
	RRM requirements should be investigated. Base don the LTE studies, we could limit the study to longer DRX cycles unless the deployment scenarios have changed.

	Huawei
	Support to specify RRM requirements in NR HST. The RRM requirements in idle mode is worth investigating as well.


Summary:

Discussion points:
· RRM requirements (FR1)

· Option 1: cell identification and measurement delay requirements are limited to DRX case
· Option 2: except for Cell reselection requirements, RRM scope is limited to CONNECTED mode 
· Other RRM requirements

· Study the impact on RLM 

· Study the impact on UL timing, RLM, SCell activation delay for HST
· Study whether to introduce the beam management related requirements for HST

· RRM requirements in IDLE mode

1.3 Investigate and specify BS and UE demodulation requirement
· UE demodulation requirements and test cases for NR PDSCH 
· Other requirements are not precluded if needed. 
· BS demodulation requirements and test cases for NR PUSCH 
· Other requirements are not precluded if needed
	Company
	Comments

	CMCC
	Support to specify above BS and UE demodulation requirements.

	MediaTek
	Support 

	Ericsson
	See comments above; there should be a staged approach and RRM requirements should be in place in order to develop demodulation requirements. The workload is potentially large, and thus staging and prioritization should take into account if there are other work or priorities for demod.

	vivo
	Support

	Intel
	Support

	Nokia
	UE and BS demod requirements need to be discussed separately. Maximum Doppler shift shall be determined not only on operating frequency and velocity but also on NR physical design limitations for all UL channels.

	NTT DOCOMO
	We suggest to further clarify the target requirements for BS/UE demodulation. At least the following requirements are needed:
· PDSCH/PUSCH for HST-SFN (350km/h)

· PDSCH/PUSCH for HST-SFN (500km/h)
In addition, the following BS requirements are still under discussion or dropped in Rel-15. If those requirements are not specified in Rel-15, it should be specified in Rel-16. 
· PRACH restricted set A for preamble format 0
· PRACH restricted set B for preamble format 0
· PUSCH for UL timing adjustment

	Qualcomm
	See our comments on the first point related to demod tests and channels to consider

	Verizon
	Specify both BS and UE demodulation requirements for FR2

	Huawei
	Support


Summary:

All companies agree to specify the BS and UE demodulation requirements for the target HST scenarios in section 1.1

Discussion points:
· UE requirements

· Option 1: PDSCH demodulation requirements

· BS requirements

· Option 1: PUSCH demodulation requirements

· Additional BS requirements

· Option 1: PRACH restricted set A for preamble format 0

· Option 2: PRACH restricted set B for preamble format 0
· Option 3: PUSCH for UL timing adjustment
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