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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).

	QC
	CA requirement is needed/justified if operators have corresponding deployment plans

	Ericsson
	CA is needed assuming operators are requesting.

	China Telecom
	Support to specify high speed train requirements with CA.

	CATT
	Support to have such study depending on operator demand.

	MTK
	We support the extension to CA scenarios

	CMCC
	Support

	ZTE
	We respect operators’ demands for CA under HST scenarios and support to study and specify the needed requirements

	Apple
	We support introducing requirements with CA for HST. 

	Xiaomi
	We support to introduce RRM requirements for HST CA scenario.

	vivo
	CA requirements are needed for HST. For NR maybe it is an important feature for some deployment scenarios.

	Samsung
	We support the extension to CA scenarios with limited to FR1

	Vodafone
	On CA, we would support the extension. However, if not done for EN-DC yet, we think that should also be done.
For RRM requirements, there is probably a lot that can be done in the network configuration of the UE if it knows which UEs are on the train. Something may be most useful for “non-dedicated” train deployments and e.g. for medium speed cross through cities. Maybe faster measurement requirements with reduced neighbour cell lists could help? 

	Verizon
	Support. 

	China Unicom
	Support to introduce CA for HST.

	Nokia, Nokia Shanghai Bell
	We can support the introduction of requirements for HST scenarios with CA assuming this is requested. 

	Huawei
	Support, agree with Intel to limit to FR1 CA only, but the applicable conditions of both HST-SFN and DPS need to take into account.



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. 	Comment by CATT: Comments need to be updated.
· 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.

	QC
	We do not see the necessity to use CSI-RS L3 mobility for HST. The main justification for defining CSI-RS L3 mobility requirements in Rel.15/16 was that this is more suited for load balancing because SINR estimation is more accurate. For the case of HST, the UE route is fixed and SSB measurements should be enough for mobility. It is unlikely that the network will perform load balancing in a scenario with very frequent serving cell changes like HST. Furthermore, the SINR estimation will not be accurate because the very large Doppler will degrade the neighbor cell measurements through ISI/ICI.

	China Telecom
	We agree with Intel that the scope can be limited to the CSI-RS requirements/scenarios defined in Rel-16.

	CATT
	Support to have such study based on Rel-16 CSI-RS related requirement.

	MTK
	The advantage of CSI-RS over SSB is on SINR estimation, because CSI-RS experience the interference contributed from neighboring cell PDSCH. However, in Rel-16 RAN4 already identified the issue in SINR reporting and agreed to limit the SINR use case to <5dB. Whether to further spend effort on SINR for HST need further justification. Furthermore, in HST environment, it seems RSRP which reflects the distance to target cells should be a better indicator for handover. In summary, if RAN4 is going to develop requirement for the following Case 3 and 4, sufficient justifications are needed to show the gain over Case 1 and 2.
	Case 1
	SSB-based RSRP

	Case 2
	SSB-based SINR

	Case 3
	CSI-RS based RSRP

	Case 4
	CSI-RS based SINR




	CMCC
	We agree that the study will take Rel-16 CSI-RS related requirements as baseline. 
As for the justification, firstly, since SINR has linear relationship with throughput, SINR is useful in the network. Secondly, as mentioned by MTK, SSB based SINR has issue due to interference from neighbour cell, that’s why we only have requirements for SINR with side condition up to 5dB in Rel-16 NR HST, which will limit the usage of SINR. While above issue could be solved by CSI-RS based SINR. Taking above into consideration, we see the necessity to have CSI-RS based mobility for NR HST. 

	ZTE
	We support to to study and specify CSI-RS based requirements for HST scenarios

	Apple
	We need to understand the feasibility and robustness to extend the existing CSI-RS L3 requirements in R16 to HST. A study phase is suggested. Also, no other WG impacts are expected.
Since CSI-RS L3 measurement will be further discussed in R17, it is also suggested to explore the possibility to coordinate the efforts for both HST and non-HST

	Xiaomi
	We need to understand the benefit by introducing CSI-RS L3 based measurement in HST scenario. We are fine to have a study phase first.

	vivo
	For HST scenario, CSI-SINR would be more accurate compared to SS-SINR due to the availability of more resources for different RRH beams in a given cell. Moreover, in R16, L1-SINR related requirements was introduced. 
Anyway we agree with Qualcomm that the use case for SINR seems not too demanding for R17.
Moreover, if it is based on R16 CSI-RS L3 WI, maybe it would be too restrictive due to the single FFT assumption in R16.
Therefore, we would like to kindly suggest considering this enhancement in future release before we see more justification

	China Unicom
	We support to study CSI-RS L3 based requirements in R16 for HST scenario.

	Nokia, Nokia Shanghai Bell
	In Rel-16 NR HST, a performance limitation was encountered; that is, SSB-based SINR measurement accuracy of neighbouring cells deteriorates at high SNR values due to Doppler shift. At the moment, it is not obvious if the CSI-RS based L3 solution can mitigate such a performance limitation and bring the same potential benefits to HST as compared with non-HST scenarios. As such, a study phase is technically sound, considering Rel-16 CSI-RS work is still ongoing. If such a study phase is not foreseeable, the objectives should be prioritized accordingly.  

	Huawei
	We are open to study. In our view, the beam number could be limited in HST scenario. We would like to be careful about the introduction of CSI-RS L3 mobility and more investigation would be appreciated under high speed scenario.



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.
· Propose to study additional enhanced schemes to improve HST single tap and HST-SFN performance including Doppler shift pre-compensation at the UE side.

	QC
	There are multiple TRP schemes discussed in R17 MIMO which may provide better physical layer and signalling design for HST deployment scenarios. Unless it is proven that transmission scheme 2 discussed in R16 has superior performance or other advantages than R17 new schemes, focusing on R17 new schemes is a more efficient approach from our perspective.

	Ericsson
	For multi-DCI based multi-TRP transmission in high speed condition, we are fine to define it in Rel-17 HST WI, as agreed in Rel-16 HST WI. We think RAN4 can reuse the parameters discussed in Rel-16 eMIMO performance part. 
For Rel-17 MIMO features, similar to the discussion in Rel-16 HST WI, since RAN4 heavily rely on RAN1/RAN2 progress, RAN4 cannot start the discussion until RAN1/RAN2 complete the physical layer design. We therefore suggest the high speed scenario for Rel-17 MIMO features are discussed in Rel-17 MIMO WI performance part.

	China Telecom
	OK to include the HST related Rel-16 leftovers in the HST enhancement WI.

	CATT
	We are fine with either way to carry out Rel-17 HST enhancement. It’s more focus to include all HST issue in the same WI

	CMCC
	For transmission scheme 2 in HST, it is a leftover in Rel-16 NR HST, support to specify the related requirements in Rel-17 NR HST.
For HST-SFN enhancement in Rel-17 MIMO WI, the situation is different from transmission scheme 2 in Rel-16 MIMO WI. Transmission scheme 2 in Rel-16 MIMO WI mostly targets for low speed scenario, and in Rel-16 NR HST WI, it is concluded that transmission scheme 2 are also applied high speed scenario. As a result, the requirements will be specified in both WIs. To avoid overlapping work, since some of the test parameters specified for Transmission scheme 2 in eMIMO WI can be reused for HST condition, that is why we have agreement in Rel-16 that Transmission scheme 2 in HST can be started after the the parameters in eMIMO WI are finalized. While HST-SFN enhancement in Rel-17 MIMO WI only targets for high speed scenario, there will be no overlapping work between Rel-17 FeMIMO WI and Rel-17 FR1 NR HST WI, and it is preferred to include all HST issue in the same WI.  

	ZTE
	We support the proposed objectives

	Apple
	Agree with QCOM that the candidate scenarios should be picked up by jointly considering both R16 and R17 related designs. We are OK to have dedicated HST WI for all HST related objectives.

	vivo
	Multi-DCI based M-TRP would be an important scenario for operator’s deployments in HST scenario. R16 eMIMO performance part might not be able to cover this due to lack of time. We are fine with the scope to treat R16 leftover in this WI.
For R17 MIMO features, we think they should follow the same procedure as we agreed for R16 MIMO features that related to HST scenarios.

	Samsung
	We should decouple the discussion on HST-SFN optimization in Rel-17 eMIMO WI and HST scheme assumption in Rel-17 FR1 RAN4 led HST WI since these are two WIs introduced in the same release.  
Any requirements regarding to HST-SFN optimization introduced under Rel-17 eMIMO WI should still be specified in rel-17 eMIMO WI.
Rel-17 HST WI should be based on the assumption of transmission schemes from Rel-15/Rel-16 NR design i.e. multi-panel transmission scheme specified in Rel-16

	Verizon
	Support the objective in principle but would like to see the scope clarified, e.g., w.r.t Rel-16/17, with Rel-17 feMIMO WI.

	China Unicom
	We support to include the objectives in HST WI.

	Nokia, Nokia Shanghai Bell
	Should some of these objectives rather be incorporated in the Rel-17 NR_FeMIMO WI?

	Huawei
	We support this objective to specify the performance requirements for transmission scheme 2 in this Rel-17 HST WI taking into account the related progresses in both Rel-16 eMIMO and Rel-17 FeMIMO. Since all the related schemes discussed under Rel-16 and Rel-17 are dedicated to HST scenario, it would be better to consider the whole picture when specifying the requirements to optimize the performance once for all.



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.

	QC
	It should be clarified what are the UE limitations that would not apply to this type of device. It is implied that there are mobility performance issues with the current requirements, based on the HST study done in LTE there were no such issues seen since enhancements were done only for the long DRX cycles. This type of device does not need long DRX since it has no power consumption problems and it will most likely have a lot of data transactions if it serves more UEs.
Also, how would this be differentiated from a “normal” UE? If improved performance is needed for such a device, this can already be implemented.


	Ericsson
	We would like to understand better how the link budget improvements look like before deciding to create further demodulation requirements. For  RRM requirements, if release 16 high speed requirements are sufficient for 500km/h operation is there a significant motivation to make further enhancements?

	CATT
	Need to understand what would be the difference between train mounted UE and the normal UE. 

	MTK
	We think the existing Rel-16 requirement can be directly applicable for train-mounted devices. Not clear about what is the expected enhancement in both RRM and Demod aspects. We are also interested in knowing how network can distinguish different UE types and what could be the difference in scheduling for these different types.

	CMCC
	Firstly, we would like to clarify the motivation to investigate the train-mounted devices in FR1. In order to increase the cell coverage and reduce the deployment cost, train mounted devices solution will be used in the network.
Secondly, in general, the train-mounted devices are expected to provide better performance compared with normal UE, since normal UE are subject to power consumption, cost, etc, which has less impact on train-mounted CPE. 
Thirdly, we would like to provide the consideration in detail on the enhancement of train-mounted devices from demod and RRM aspects as following:
· For demodulation part, in order to improve the demodulation performance for HST-SFN joint transmission, multiple-panel are assumed to deal with the multiple tap signal with different doppler shift. 
· For RRM part, as we discussed in Rel-16, the enhancement may be not sufficient for some scenario or with some configuration. It is suggested to have further enhancement for train-mounted CPE, e.g. remove scaling factor, reduce the number of sampling, etc.
As for the distinguish between train-mounted CPE and normal UE, new UE type or new UE capability can be considered. And we could have detail discussion during the WI.

	ZTE
	This would require almost doubled standardization efforts. We are ok to included into the WID but with a lower priority.

	Apple
	The feasibility to extend the existing HST requirements to train mounted devices should be investigated first. 

	Xiaomi
	We prefer to study the current HST RRM requirements can be reused for train mounted devices.

	vivo
	In our view, it would be difficult to introduce requirements for train mounted device in FR1 at least in current framework of the specs. In FR2 it would be a different story.

	Samsung
	The clarification about difference of “train mounted devices” and “normal UE” is needed, from the demodulation performance perspective. If no different, whether the exited Rel-16 requirement can be applied for it？

	Vodafone
	Two use cases are valid here: 1) CPE, and 2) Repeater. For CPE, it is a bit unclear to us what is the difference though with normal UE. For Repeater, there is no demodulation, so end UE demod should cover things in our understanding.

	Verizon
	Also like to better understand the fundamental differences for the train mounted FR1 devices.

	Nokia, Nokia Shanghai Bell
	It seems these objectives are similar to those in Issues 1-1, 1-2 and 1-3. In addition to larger ISD as compared to the deployment scenario without train mounted devices, there is also a need to understand what the other differences are in order to determine if (and what) requirements should be enhanced. What would be a typical deployment scenario for train mounted devices? Does this issue have higher priority than the previous issues (1-1, 1-2, and 1-3) without train mounted devices?

	Huawei
	We are open to discussion. If the clear benefit is identified, we can work on the specific RRM and demodulation requirements for it to further improve the high speed train performance. 

Like most of companies, we also would like to understand whether there could be some different design for train mounted UE type, which will bring in the additional gain compared to the UE which is discussed under Rel-16.

For the time being, maybe we can add a general objective for optimization of train mounted devices to improve the performance on top of the proposed objective in this section.



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

	Nokia, Nokia Shanghai Bell
	The preference is to start this work item when the Rel-16 one is closed.

	
	

	
	

	
	

	
	

	
	

	
	



1.6 Summary for sub work area #1
17 companies participate in the email discussion for sub work area#1 NR FR1 HST.

For issue 1-1: carrier aggregation, all 17 companies support to specify high speed train requirements with CA. So moderator recommends including carrier aggregation into Rel-17 NR FR1 HST WI.
Proposal 1-1: it is recommended to include issue 1-1 (carrier aggregation) into Rel-17 NR FR1 HST WI.

For issue 1-2: CSI-RS based mobility for NR HST, 9 companies support to define HST requirements for L3 CSI-RS based mobility based on the CSI-RS requirements/scenarios defined in Rel-16. 5 companies think more justification on the benefit is needed to extend the existing CSI-RS L3 requirements to HST scenario.

Proposal 1-2: it is recommended to clarify the use case and benefits of L3 CSI-RS based mobility in HST scenario in Rel-17 NR FR1 HST WI.
 
For issue 1-3: enhanced transmission schemes for NR HST demodulation, 14 companies discuss this issue and all support to specify the enhanced transmission scheme for NR HST in Rel-17. 
· Transmission scheme 2 is a leftover issue from Rel-16. RAN4 agreed to introduce transmission scheme 2 in Rel-16 if sufficient TUs are available. However, due to the limited timeline, transmission scheme 2 cannot be finalized in Rel-16 HST WI. 2 companies suggest studying the benefits for transmission scheme 2 first. 1 company suggests to also study additional enhanced schemed to improve HST single tap and HST-SFN performance at the UE side.
· For the UE/BS demodulation requirements based on RAN1 Rel-17 eMIMO WI, 3 companies prefer to specify the related requirements under Rel-17 eMIMO WI. Other 11 companies support to specify all the HST related requirements n HST WI.

Proposal 1-3: it is recommended to include issue 1-3 (enhanced transmission schemes for NR HST demodulation) into Rel-17 NR FR1 HST WI. Whether a study phase for transmission scheme 2 and whether other enhanced schemes should be included in HST WI need further discussion.

For issue 1-4: Enhancement for train mounted devices, 15 companies discuss this issue, 12 of them would like to better understand what is the difference between train mounted UE and normal UE, and how to distinguish different UE types, 2 companies think this issue should be study first or low priority. Moderator recommends 

Proposal 1-4: it is recommended to clarify the scenario and difference between train-mounted UE and normal UE, a “study phase” in Rel-17 NR FR1 HST WI can be considered. 

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:
[image: ]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 trials and commercial operation [https://inflight.telekom.net/ean/] of proprietary ATG solutions, 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

	QC
	· The relationship between the ongoing NTN work and this work needs to be clarified first. The current NR system design does not support such large cell radii and high Doppler spreads/shifts. It seems that some RAN1 study/design is needed to ensure that the system actually works. Also, the RAN4 scope seems rather large because a full set of requirements are needed and co-existence studies have to be performed.

	Ericsson
	Our understanding is that the NTN WI will create RAN1/2 support for NTN devices, including ATG. Creation of the RAN4 specifications is envisaged to be part of that WI.
However, although the RAN1-3 aspects are very similar for the different types of NTN system, the RAN4 aspects differ dramatically. The ATG is closer to existing operation in RAN4. 
Generally speaking, we do not support the principle of splitting the RAN4 requirements associated with a feature into a different WI from the feature itself. The WI justification explains the circumstances why this is an exceptional case though, and indeed the NTN RAN4 work will be huge and complex if both Satellites and ATG are mixed. In this circumstance, we can understand and support the motivation to do the RAN4 work in this WI and focus the NTN RAN4 part on the Satellite paradigm.

	Deutsche Telekom
	We largely agree with the Ericsson comments and support splitting of this particular ATG work in RAN4 into a dedicated WI
· Co-existence with terrestrial networks
· The evaluation for ATG should be frequency agnostic with focus on FR1 bands
· Support of multiple frequency band for the ATG system, incl. inter-frequency mobility. Also evaluation of inter-system mobility from ATG to terrestrial networks.
· Study methods for doppler compensation, TA and PRACH optimisation
· Study potential of higher EIRP ATG terminals

	China Telecom
	We support this work, and suggest to list n1 and n78 as the example bands as well.

	CATT
	We share the previous companies’ comment that RAN4 work on ATG can be split from the NTN WI since ATG is quite different from satellite. It will not benefit the progress if ATG and NTN RAN4 work are done in the same WI given the huge work load for both feature. 

	MTK
	We understand operator’s deployment interest but we are not clear about the benefit to have some early RAN4 discussion in parallel with RAN1/RAN2. In our understanding, RAN4 is expect to leverage the designs in RAN1/RAN2 and specify the corresponding requirement. We suggest to handle this issue in NTN. If RAN4 does not have sufficient time to finalize all requirements in NTN, then RAN4 can discuss the priority to proceed. 

	CMCC
	For the relationship between NTN and ATG in Rel-17 and the motivation of a separate ATG WI led by RAN4, as we have stated in WID (RP-200765) jusfacation that there are mainly two aspects:
Firstly, the NTN WI includes ATG enhancement only in RAN1-3, and NTN does not cover ATG core and performance requirements in the scope of RAN4. From the perspective of requirements, ATG and NTN are completely different, whether in terms of requirements system or device type. The NTN focuses on satellite, while the ATG may need to define aircraft CPE or ATG base stations. The NTN WI does not define ATG core /performance requirements and does not support the implementation of ATG in RAN4. NTN and ATG are completely independent research directions in RAN4.
Secondly, If the NTN and ATG were defined under one WI, this would add more complexity and workload to RAN4. As suggested by CMCC and some companies, A separate ATG WI led by RAN4 which considers the independence of ATG and helps to reduce work complexity. RAN4 may consider first defining RF core requirements and co-existence simulations, which are completely independent and not affected by the progress of NTN in RAN1-3. For RRM and DEMOD, RAN4 can be determined according to the progress of NTN in RAN1-3, which is the normal working process of RAN4. Therefore, it is necessary to specify features to core specifications of RF requirements for ATG in RAN4.
In order to meet the request of operators and ATG industry, CMCC propose that a separate ATG WI led by RAN4 in Rel-17.

	ZTE
	We tend to agree with CMCC and Ericsson The basic RAN1/2/3 feature of ATG is still defined in NTN WID, however from RAN4 perspective, different coexistence scenarios and different network layout could be foreseen for satellite system and ATG system, if we mixed these two system together, this RAN4 WID will be very big and complicated. In addition, interested companies are ATG and satellite are also different, if mixed together, then work progress and completion will be also impacted by each other, from that perspective,we support to have splitting WID for ATG and satellite.

	Apple
	We support to have dedicated ATG WI, which can be differentiated from NTN WI focusing more on satellite-based communication. 

	Xiaomi
	We support to have dedicated ATG WI.

	OPPO
	In principle we are ok with separate item for ATG, the WID contents seems include two phases:
1st study phase: 
· Identify key characteristics; 
· Study and specify the framework how ATG core requirements are defined; 
· Identify the potential band(s); 
· Perform co-existence evaluation 
2nd requirement phase:
· Specify new UE/BS type(s)
· Specify RF requirements
· Specify test procedures
It would be helpful to have more thoughts on the targeting power class, how to do studies in each item, and what kind of requirements will be defined in the spec to align the understanding among companies.
Besides, there might be another NTN RAN4 WI then it would be good to consider how to cooperate with each other and finally how to combine the requirements in the spec during the WI.

	Intel
	· As mentioned in the motivation paper ATG systems are already available in certain markets based on 4G. Also, some 5G ATG trials were recently announced. In 4G timeframe, the respective systems did not require specification changes and were handled in an implementation-specific manner. Some additional clarifications from the proponents are encouraged to understand why a similar approach does not work for NR.
· The exact RF requirements needs further discussion and we prefer to conduct studies first to identify RF impacts before a final decision on the requirements is made (e.g. whether new UE/BS types are required). For both BS and UE requirements, we prefer to minimize the changes to the RF requirements, and they shall be limited to the case where it is absolutely necessary.
· For the co-existence studies between ATG and IMT terrestrial network, we are interested to know if co-channel or adjacent channel scenarios are proposed to be in the scope.
· For UE test methods, it is expected that RF/BB modules can be tested independently using conducted test methods. So, we do see sufficient motivation to apply OTA testing.

	Samsung
	We support to split of this ATG WI in RAN4 into a dedicated WI, considering NTN RAN4 work will heavily relay on the progress of RAN1/2  design

	Vodafone
	This does not seem the right way to go about this discussion. We have drones, satellites, and planes. We tried to look at this in LTE days but everybody indicated that one should just use a different frequency layer for different altitudes to manage the use case. We should have a more high-level discussion first about what we are trying to achieve and what deployment assumptions should be made, and how this is different from other aerial use cases (noting that we have not yet even agreed to copy the basic RAN2 drone enhancements from LTE to NR – which probably has wider usage in the mid-term).

	Verizon
	We see promising market opportunities for ATG. We agree with CMCC and other companies to split this int a dedicated WI in RAN4.

	China Unicom
	We support to split NTN and ATG to two individual WIs. RAN4 lead ATG WI in Rel-17 is proposed to focus on the performance requirements of CPE and UE/BS in the aircraft.

	Nokia, Nokia Shanghai Bell
	With regard to the first objective, should ATG UE be also differentiated from NTN UE rather than just comparing with terrestrial-based UE? Even though, the deployment scenario for ATG differs from NTN ones, the two UE entities might share similar characteristics, e.g., high transmit power, high antenna directivity, radiation patterns.

	Huawei
	We are OK to have this dedicated ATG work item since the work for ATG is some kind of independent from NTN.

As CMCC clarified, the physical layer and high layer related issues are now under discussion in RAN1~3 for ATG, based on which the RRM and demodulation work can be conducted. But in our view the RF work such as co-existence simulations can be conducted firstly. 

In our understanding, a number of objectives for core part are suggested to be considered in WI:
· Identify the potential band(s) to be used as example for ATG (n79)
· The co-existence study is needed
· Agree on the assumption of parameters for evaluation, including inter-cell distance, normal height for aircraft, beam width, antenna tilt angles
· Adjacent channel co-existence with adjacent channel terrestrial network.
· Analysis based on regulations for the example band(s)
· If the same channel can be used for both ATG and terrestrial IMT network, the study about co-channel co-existence is necessary and it may have an impact on RAN1.
· Evaluation of performance for ATG
· Scenario under consideration: Public cell
· Link budget may need be analyzed
· Specify RAN4 requirements
· Specify the potential BS RF requirements to ensure the co-existence
· Specify the potential UE RF requirements
The following objectives are suggested for RF performance part
· Specify the BS RF conformance testing

We are not in favor to define OTA testing. We wonder if the link budget evaluation can meet the requirement to know what kind of antenna gain is needed, and since this is for FR1 only the conductive requirements would be sufficient to ensure the performance.


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

	QC
	Current PRACH design may not be sufficient for 900km/h to 1200km/h speed. Given the large ISD considered in ATG scenario, the speed to ISD ratio is quite close to non-highspeed scenario in NR, hence RRM core requirements enhancements might not be needed.

	Ericsson
	As commented for 2-1, this is an unusual approach of splitting RAN4 into a different WI which in general we prefer not to do, but in this circumstance it can be justified.

	Deutsche Telekom
	· Study possibilities to reuse work from NTN
· Identification or definition of appropriate aeronautical channel models considering Line-Of-Sight path; simple ground bounce (specular reflection); diffuse random component resulting from multiple reflections/diffractions from irregular terrain.
· Modified antenna beamforming based on fact that a visibility to BS is different in ATG (Line-Of-Sight path) and location of UE could be known.
· Speeds up to 1200Km/h are foreseen. Higher speeds may have to be examined for usage in non-business aviation (e.g. military)

	CATT
	Same comments as 2.1

	MTK
	The challenges and the corresponding solutions in NTN, e.g., large delay and large Doppler, are now discussed in RAN1. It is preferred to wait for RAN1 conclusion before introducing RAN4 requirements.

	CMCC
	· For the NTN issues such as Timing, UL time and frequency synchronization enhancements are being discussed in RAN1-2, As we know the progress of RAN1, new PRACH design is the 2nd priority in RAN1, TA compensation solutions with UE implementation or GPS positioning which are under RAN1 discussion can also meet the NTN/ATG.
· As CMCC’s views on 2-1. For RRM and DEMOD, RAN4 can be determined according to the progress of NTN in RAN1-3, which is the normal working process of RAN4. The RRM/Demod requirements can be carried out as a second priority depending on RAN1-3 progress of NTN WI and it will not affect the first priority of the RF core requirements for ATG in RAN4.


	ZTE
	Regarding the channel model for ATG network, we think that the two ray model for large scale channel model and AWGN or Rice model for small scale channel model could be used,
Regarding the RRM discussions, we prefer to list within objective in the scope, we think that doppler freq shift for ATG system should also be taken into account, whether we need to pre-compensation for doppler freq error or via define the RRM/Demod requirement based on new simulations should be part of WID discussion. 

	Apple
	Depending on RAN1 design, we can further evaluate if new RAN4 requirements are needed. 
It seems there is no RAN1 related scope. Can we assume NTN related design specified in RAN1 can directly apply to ATG?

	Xiaomi
	Whether the NTN related design and assumption can be applied to ATG need to be clarified firstly, then we can identify the RRM/demod impact for ATG UEs.

	Intel
	Similar to RF, a study is preferred in order to identify the possible RRM impacts and required enhancements first. Given large ISD it is not clear whether enhancements are needed and many requirements can be potentially reused.

	Samsung
	Based on current Rel-15 RAN1 feature, not all the long format can fulfil the scenario, considering the large ISD of ATG
Meanwhile, given the target carrier frequency with 4.8G and velocity about 900km/h to 1200km, the Doppler shift is very larger, which maybe out of the tracking ability. If no change for RAN1 PHY design, the value of Doppler should be careful design

	Vodafone
	Same comment as 2.1

	Verizon
	Same as in 2.1. Though not a desirable thing to do, for the particular case, we support a dedicated effort.

	China Unicom
	If NTN related design and assumption can be applied to ATG directly, we can identify the RRM/Demod impact for types of ATG UEs.

	Nokia, Nokia Shanghai Bell
	Tight coordination between this WI and the NTN WI maybe needed to ensure physical, MAC, etc. enhancements made by RAN1 and RAN2 are ready and compatible with ATG. When is the expected starting time for this WI? An alignment with NTN WI maybe necessary since there is a dependency on RAN1 and RAN2 enhancements for ATG. 
Regarding channel models, link budget, etc. for ATG, it is necessary to understand what the differences are with NTN and terrestrial-based networks. It might be possible to reuse channel models developed for NTN or terrestrial-based networks with minor modifications.      

	Huawei
	In principle, we are OK with the proposed objectives. For the RRM and demodulation performance requirements, it is better to first agree on the ATG network deployment scenario and have the agreement on the related physical layer and high layer designs. Based on those agreement, we can evaluate the RRM measurement performance, handover procedure and etc to determine the RRM requirements to be specified. The same things are needed for demodulation performance requirements.

In our understanding, a number of objectives for core part are suggested to be considered in WI:
· Evaluation of performance for ATG
· Agree on the assumption of parameters for evaluation, including inter-cell distance, normal height for aircraft, beam width, antenna tilt angles and channel model
· Identify the maximum Doppler shift and evaluation of impact on demodulation and RRM performance
· Based on RAN1/RAN2 conclusions
· Specify RAN4 requirements
· RRM core requirements
The performance part is suggested to include:
· Specify the RRM test cases
· Specify the necessary BS and UE demodulation performance requirements under ATG channel model with high Doppler shift



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

	Deutsche Telekom
	Characteristic to be considered:
· We assume that geographical location should be known to UE from an aircraft bus. Location of BS is known as well. So, the cell selection procedure could be designed to use such information in order to mitigate problems where UE is attempting to select not appropriate cell (e.g. in case that UE is receiving stronger signal from a cell which is beyond the max cell size limit).
· Airport and low altitude coverage – system should be capable to provide connectivity at an airport and at low height. Functionality of airport BS could be modified (e.g. there is no need to provide 300km cell range at an airport)
· The ATG system from an air interface perspective should also support low and slow-moving platforms (helicopters, drones etc)
· Target area of the ATG networks is supposed to be quite large region or even more whole continent. It has to be considered that BS could be connected via complicated backhaul with greater RTT.
· Enhanced monitoring and reporting capabilities should be studied – e.g. SON modification for ATG proposes – allowing continuous reporting of RF values or specific parameters.

	CMCC
	For cell selection procedure, This relates to the progress of the RAN2 discussion, but does not affect the definition of the RF core requirements first. 
For airport and low altitude coverage. This is an implementation issue, and operators can choose not to deploy ATG base stations at airports and low altitude coverage when deploying ATG networks
For the arget area and other enhancements , Since RAN4 is first time to start research related to ATG, we could use the basic scenario as a starting point to meet the implementation of ATG, and then carry out research related to scenarios and capabilities enhancement in the next release.

	ZTE
	ATG UE EMC is quite different from commercial handled NR UE as ATG UE should comply with aviation industry EMC standard to protect the aircraft functionality; ATG EMC should also been taken into account;
2.Regarding the airport BS, we could further discuss that scenario, however frankly speaking, these scenarios will coexist with other airport altimeter with some isolation regions, this should be regional requirements instead of general requirements i think;
3. regarding the complicated backhual with greater RTT, this should be up to the implementation. 

	Nokia, Nokia Shanghai Bell
	With regard to the geographical location concept, it is worth noting such a concept is also being considered and developed as part of the NTN WI.   

	[bookmark: _GoBack]Huawei
	We are open to discussion. The mechanism based on “ UE and BS know the location seems under discussion in RAN1. 
One response to support low and slow-moving platforms: such application is attractive. But for this ATG under discussion, the expected ISD for BS is very large and thus the seamless coverage could only be provided in a certain altitude. In order to support low and slow-moving platforms, the density of ATG BS needs be increased, which may cause more interference to ground IMT BS. Maybe for such use case, the ATG L1/L2 mechanism could be reused but more study on the requirement and co-existence would be needed if the same frequency is used for both ATG and ground IMT BS.
To ZTE, the scope would seem too broad if we also take EMC into account. We wonder if it is such urgent to include EMC requirements for the first version of ATG devices. Maybe it is difficult to conduct such EMC test since the test environment might need involve aircraft.

	
	

	
	




2.4 Summary for sub work area #2
17 companies participate in the email discussion for sub work area#1 NR FR1 HST.

For issue 2-1: ATG scenarios and RF requirements, 18 companies discuss this issue, 13 companies support to have dedicated WI for ATG. Based on majority view, moderator recommends to include issue 2-1 into Rel-17 NR ATG WI. 

Proposal 2-1: it is recommended to include issue 2-1 (ATG scenarios and RF requirements) into Rel-17 NR ATG WI. 

For issue 2-2: RRM/Demod requirements, almost all companies agree that physical layer design in NTN should be considered in ATG. So for RRM/Demod requirements, RAN4 needs to wait the progress of NTN in other WGs. 

Proposal 2-2: it is recommended to include issue 2-2 (RRM/Demod requirements) into Rel-17 NR ATG WI as second priority depending on the progress of NTN WI in RAN1/2.
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