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0. Introduction
This is an email discussion for RAN4 R17 non-spectrum work areas: FR1 HST and ATG. Since two independent WI proposals are included in this work area. This email discussion will be divided into two sub work areas:
· Sub work area#1: FR1 HST
· Sub work area#2: ATG
For each sub work area, each issue is justified by objectives. Companies are invited to share views on these issues. If some of the issues can be identified, these issues can be addressed in corresponding R17 WI.

Email discussion on RAN4 non-spectrum work areas: FR1 HST and ATG 
Intended outcome: Email discussion report for RAN#89
1st round comments deadline: 18:59pm UTC, Aug. 06th, 2020. Intermediate summary to August meeting will be provided after 1st round comments.
Final comments deadline: 23:59pm UTC, Sept. 3rd, 2020.
1. Sub work area #1: Rel-17 WI on NR FR1 HST
Related contributions in RAN#88e:
RP-200767  New WID on NR support for high speed train scenario
RP-200766  Motivation for NR support for High speed train scenario in Rel-17 

Here are some key issues which are proposed for Rel-17 in above contributions in RAN#88e.

1.1 Issue 1-1: Carrier Aggregation
Use case:
Only single carrier is considered in Rel-16 NR HST WI. To increase the throughput, carrier aggregation will be adopted in HST scenario. It is necessary to specify enhanced requirements for high speed train scenario with CA.

Objectives:
· RRM 
· Investigate and specify the UE RRM requirements with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST for CA scenario 
· PSS/SSS detection, time index detection, and measurement period for deactivated SCell
· PSS/SSS detection, time index detection, and measurement period for activated SCell
· SCell activation/deactivation delay requirement
· Others are not precluded
· If needed, signalling impact should be discussed in RAN2

· Demodulation 
· Investigate and specify the UE demodulation requirements with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST for CA scenario 
· If needed, signalling impact should be discussed in RAN2

Q1: Companies are invited to share views on this use case and objectives
	Company
	Comments

	Intel
	Support extending the HST RRM and UE Demodulation requirements to CA scenarios. 
· The CA scenarios shall be limited to FR1 inter-band and intra-band CA (i.e. no FR2).
· For UE Demodulation, we prefer to focus on HST-SFN conditions and put low priority for single tap and fading conditions (similar to what was done for LTE).

	
	

	
	

	
	

	
	

	
	

	
	



1.2 Issue 1-2: CSI-RS based mobility for NR HST
Use case:
CSI-RS based L3 measurement is discussed in Rel-16. Considering that CSI-RS based measurement can avoid the underestimation issue existing in SSB based measurement, to guarantee the mobility performance in high speed scenario, it is proposed to consider the CSI-RS based L3 measurement in high speed train scenario.
Objectives: 
· RRM
· Based on Rel-16 CSI-RS based mobility solutions, investigate and specify the UE RRM core requirements with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST for CSI-RS based L3 measurement in high speed train scenario
· Connected mode
· PSS/SSS detection, time index detection, and measurement delay requirements
· beam management related requirements, e.g. L1-RSRP measurement
· other requirements are not precluded if needed
· Investigate and specify the RRM performance requirements of measurement accuracy.
· Specify the RRM test cases related to new core requirements (if defined)
· If needed, signaling impact should be discussed in RAN2

Q2: Companies are invited to share views on this use case and objectives
	Company
	Comments

	Intel
	Support defining HST requirements for L3 CSI-RS based mobility. 
· The scope can be limited to the CSI-RS requirements/scenarios defined in Rel-16. So far there are still quite a lot of leftover topics in R16 CSI-RS RRM WI and many of them may be postponed to Rel-17. Such leftovers shall not be a part of Rel-17 HST discussion.
· PSS/SSS detection is not related to CSI-RS and should be removed. 
· L1-RSRP is already covered in existing Rel-16 HST WI and can be removed.

	
	

	
	

	
	

	
	

	
	

	
	



1.3 Issue 1-3: enhanced transmission schemes for NR HST demodulation
Use cases:
In Rel-16 NR HST WI, for UE demodulation, transmission scheme 2 (PDSCH is jointly transmitted from two or more adjacent TRPs scheduled by multi-DCI) was discussed. Actually, transmission scheme 2 was firstly discussed in Rel-16 eMIMO WI, it was also identified in HST discussion that this transmission scheme can be applied to high speed train scenario. As for in which WI that the demodulation requirements for transmission scheme 2 with high speed condition are specified, RAN4 has agreed to discuss transmission scheme 2 in eMIMO WI first, then discuss transmission scheme 2 in HST-SFN deployment scenario later after the parameters in eMIMO WI are finalized and HST WI has sufficient TUs for discussion. Since the completion time of eMIMO WI and NR HST WI are same, it is highly possible that there is no time to specify the demodulation requirements for transmission scheme 2 with high speed condition in Rel-16. If this is not done in Rel-16, it is necessary to specify the demodulation requirements for transmission scheme 2 with the high speed condition in Rel-17.
In Rel-17 FeMIMO WI, one of the objectives is to support HST-SFN deployment scenario, including two parts: one is to identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission; the other one is to evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation between DL and UL signal by reusing the unified TCI framework. Since MIMO WI has a larger scope except supporting HST-SFN, it is better that RAN4 work related to high speed scenario can be discussed in a dedicated HST WI.
Objectives:
· Demodulation
· Specify the UE demodulation requirements and test cases for transmission scheme 2 (PDSCH is jointly transmitted from two or more adjacent TRPs scheduled by multi-DCI) if necessary, pending on the progress of Rel-16 NR HST WI
· Specify the UE/BS demodulation requirements and test cases for enhancement to support HST-SFN deployment based on the RAN1 progress in Rel-17 MIMO WI. 
· If needed, signaling impact should be discussed in RAN2

Q3: Companies are invited to share views on this use case and objectives
	Company
	Comments

	Intel
	· For Tx scheme 2 (NCJT with joint PDSCH transmissions from two adjacent TRPs scheduled by multi-DCI), we recommend a short study stage to identify/confirm the benefits for HST use case and decide on requirements subject to the outcome of the studies.
· Support moderator proposal to specify the UE/BS demodulation requirements and test cases for enhancement to support HST-SFN deployment based on the RAN1 progress in Rel-17 MIMO WI. Such work can be prioritized.
· [bookmark: _GoBack]Propose to study additional enhanced schemes to improve HST single tap and HST-SFN performance including Doppler shift pre-compensation at the UE side.

	
	

	
	

	
	

	
	

	
	

	
	



1.4 Issue 1-4: Enhancement for train mounted devices.
This is a new proposal from CMCC which is not captured in the WID in RAN#88E
Use case:
As discussed in Rel-16 NR HST WI, the NR cell coverage is smaller than that of LTE considering the higher operating frequency (e.g. one of the typical ISD is 700 meters in FR1). In order to reduce the deployment cost, one possible solution is to deploy train mounted devices, which could help to increase the coverage.  
In Rel-16 NR HST WI, enhancement requirements, including RRM enhancement and demodulation enhancement, are specified. However, the user terminals are subject to power consumption, cost, etc, the enhancement are limited. Taking cell re-selection enhancement as an example, operation with scaling factor M may not be sufficient in all high speed train deployments. Similar restriction also exists in demodulation enhancement, e.g. only MCS13 is considered for HST-SFN scenario in Rel-16, higher MCS are expected to improve the system performance. Compared with normal user terminals, further enhancement can be considered for train mounted devices.  
Objective:
· Investigate and specify the UE RRM requirements for train mounted devices with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST
· Idle and inactive mode:
· Cell reselection including cell identification and measurement requirements
· Connected mode
· PSS/SSS detection, time index detection, and measurement delay requirements 
· beam management related requirements, e.g. L1-RSRP measurement
· other requirements are not precluded if needed
· Investigate and specify the RRM performance requirements of measurement accuracy.
· Specify the RRM test cases related to new core requirements (if defined)
· Investigate and specify the demodulation requirements for train mounted devices with the same target speed (up to 500km/h) and carrier frequency (up to 3.6 GHz) as Rel-16 NR HST
· The enhancement for CA, CSI-RS based mobility and enhanced transmission scheme are also applied to train mounted devices.
· If needed, signalling impact should be discussed in RAN2

Q4: Companies are invited to share views on this use case and objectives
	Company
	Comments

	Intel
	Comprehensive studies on different channel models were made in LTE HST Rel-13 SI. Scenarios with train mounted CPE devices were discussed as well. Based on the past discussion it was observed that the propagation conditions between CPE and regular devices are quite similar and no specific enhancements are needed. Hence, from UE demodulation requirements perspective we do not see a strong motivation to define additional performance requirements for train mounted device and existing HST UE requirements can be reused. 
Furthermore, whether higher MCS comparing to the Rel-16 HST UE can be supported is questionable. Is it planned to introduce additional RX enhancement? If so, some example can be helpful.
We would appreciate proponents to share more motivation on the rationale for additional enhancements and how it could be different from the regular HST UE.

	
	

	
	

	
	

	
	

	
	

	
	



Other issues or objectives to be studied in Rel-17 (if needed).
1.5 Issue 1-5: others
Other issues or objectives to be identified in Rel-17 ( if needed).
Q5: Companies are invited to share views on this use case and objectives
	Company
	Comments

	
	

	
	

	
	

	
	

	
	

	
	

	
	



1.6 Summary for sub work area #1

2. Sub work area #2: Rel-17 WI on ATG for NR
Related contributions in RAN#88e:
RP-200764  Motivation for new WI on air-to-ground network for NR 
RP-200765  New WID on air-to-ground network for NR
[bookmark: OLE_LINK7][bookmark: OLE_LINK26][bookmark: OLE_LINK1]RP-201053  Discussion on ATG network

Here are some key issues which are proposed for Rel-17 in above contributions in RAN#88e.

2.1 Issue 2-1: ATG scenarios and RF requirements
Scenarios:

Air-to-ground (ATG) network refers to in-flight connectivity technique, using ground-based cell towers that send signals up to an aircraft’s antenna(s) of onboard ATG terminal. As a plane travels into different sections of airspace, the onboard ATG terminal automatically connects to the cell with strongest received signal power, just as a mobile phone does on the ground.










[bookmark: OLE_LINK2]In RAN#86 meeting, the new WID (RP-193234) solutions for NR to support non-terrestrial networks (NTN) was approved. The NTN work item aims to specify the enhancements identified for NR NTN (non-terrestrial networks) especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
1. FDD is assumed for core specification work for NR-NTN.
0. NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
1. Earth fixed Tracking area is assumed with Earth fixed and moving cells
1. UEs with GNSS capabilities are assumed.

Although the RAN1/2/3 aspects of standardization work are generally common for satellite, HAPS and ATG, the RAN4 aspects differ very significantly. The node definitions, spectrum considerations and co-existence considerations all differ. In the case of ATG, both base station and UE will be unique types. ATG will operate within existing bands and does not need new bands and band properties to be identified. 

The NTN WI includes development of generic requirements for RAN4, however in practice the work will be separate and different for Satellite, HAPS and ATG. To avoid confusion and overloading of the NTN WI and the low dependency between RAN1-3 work and RAN4 work for ATG, it is proposed that the ATG RAN4 work is performed within the context of this WI. The proposal to split off RAN4 work is exceptional for the NTN work due to the large and complex scope of covering quite different types of system and low dependency on RAN1-3.

Form the trial of proprietary ATG solution, some characteristics could to be considered for ATG network deployment scenarios:

· Extreme large inter-site distance (ISD) and large coverage range: In order to control the network deployment cost and considering the limited number of flights, large ISD is preferred, e.g., about 100km to 200km. At the same time, when the plane is above the sea, the distance between the plane and the nearest base station could be more than 200km and even up to 300km. Therefore, ATG network should be able to provide up to 300km cell coverage range.
· Utilizing non-disjoint operators’ proprietary frequency for deploying both ATG and terrestrial networks: Operators are interested to adopt the same frequency for deploying both ATG and terrestrial networks to save frequency resource cost, while interference between ATG and terrestrial networks becomes nonnegligible and should be addressed. Especially, from China Mobile’s point of view, 4.8GHz is an interesting frequency for deploying both ATG and terrestrial NR network.
· Much powerful on-board ATG terminal capacity: On-board ATG terminal can be much powerful than normal terrestrial UE, e.g., with higher EIRP via much larger transmission power and/or much larger on-board antenna gain.

Considering the particularity of ATG network deployment, the following aspects should be addressed in a new ATG work item. 
· Extreme large cell coverage range (e.g., up to 300 kilometres) and flight speed (e.g., up to 1200km/h).
· Coexistence requirements between ATG and terrestrial network.
· ATG BS/UE core and performance requirements

Objectives:
Specify features to core specifications of RF requirements for coexistence between ATG and IMT terrestrial network [RAN4]
· Identify key characteristics where it is absolutely necessary to differentiate ATG BS and UEs from ground based BS and UEs
· Aim to reuse existing requirements for BS and UE where possible. 
· Study and specify the framework how ATG core requirements are defined.
· This includes identifying whether the requirements are captured within the existing specifications or new specifications are created.
· Determine whether conducted, OTA or both types of requirement are required for both the BS and UE
· Identify the potential band(s) to be used as example for ATG (e.g. n79) 
· Perform co-existence evaluation for ATG network (e.g. ACLR, ACS)
· Specify new UE/BS type(s) for ATG network if necessary
· Taking into account identified differences between ATG and ground based systems
· Specify RF requirements for ATG UE/BS
· Considering the results of co-existence simulations in terms of impact on emissions and RX requirements, cell sizes and link budgets, technology capabilities, likely BS and UE architectures and other relevant aspects.
· Specify test procedures for ATG BS conformance testing
· Determine at an early phase whether conducted, OTA or both types of testing are needed

Q1: Companies are invited to share views on objectives
	Company
	Comments
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2.2 Issue 2-2: RRM/Demod requirements 
· The typical speed for civil aircraft are ranging from 900km/h to 1200km/h, and ISD of ATG BS are ranging from 100km to 300km which is also much larger than that of terrestrial NR network, which may have impact on RRM requirements. So RRM core requirements for ATG UE should be discussed.
· Channel model for ATG UE and BS could be different from legacy NR UE and BS. Doppler frequency shift and Tx/Rx antenna configuration between ATG UE and BS could also be different compared with legacy NR. ATG UE and BS demodulation requirements should also be discussed. 
· The progress and outcome of Rel-17 NTN work item can be taken into account for ATG RRM and Demodulation requirements.

Objectives:
· Specify RRM core requirements for ATG UE. [RAN4]
· Considering the different nature of ATG UEs and their view of the network, increased cell sizes and other relevant aspects.
· Specify RRM performance requirements and test cases for ATG UE type. [RAN4]
· Identify and specify demodulation performance requirements and test cases for ATG UE/BS. [RAN4]
· Taking into account different cell sizes

Q2: Companies are invited to share views on objectives
	Company
	Comments

	
	

	
	

	
	

	
	

	
	

	
	

	
	



2.3 Issue 2-3: others
Other issues or objectives to be identified in Rel-17 ( if needed).
Q3: Companies are invited to share views on this use case and objectives
	Company
	Comments

	
	

	
	

	
	

	
	

	
	

	
	

	
	




2.4 Summary for sub work area #2
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