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1 Introduction
This email discussion is to discuss performance requirements for NR NTN SI. The scope of this email discussion is listed below.
[bookmark: _Hlk527992492][104#53][NR - NTN]  Performance requirements for NTN (Thales)
-	Identify performance requirements (data rates, delay jitter)
-	Identify use cases (e.g. eMBB, URLLC, MTC)
-	User density per NR cell
2 stage email discussion
- First stage is to identify all metrics needed for WGs to carry out analysis 
- Second stage is to converge on the numbers 
Deadline:  Thursday 2019-02-13 

This document collects companies’ views and provides a summary. 
2 Discussion
This email discussion was agreed during the discussion of [1] on RLC enhancements. Ericsson raised the necessity to have some performance guidance on requirements such as data rates and delays. It is however still unclear what performance requirements relative to NR-NTN are needed for WGs to carry out analysis. As requirements may depend on the targeted use case, this email discussion also intends to list all use cases of interest. 
The output of the first stage email discussion will allow identifying the use cases and metrics, while the output of the second-stage email discussion will define the target performance value for each use case. 
 2.1 First stage discussion
Companies are encouraged to provide outputs for this first stage discussion by January 11th, 2019.
To facilitate the discussion, the following performance parameters are proposed:
a) Data rates
b) Target BLER
c) Reliability
d) Latency (RTD) and jitter
e) Min Layer 2 Buffer size requirement
f) Accuracy of UE position (see inputs of SA1 WID HYPOS to TS 22.261)


Q1: Do you find the above performance parameters relevant for the NR NTN SI? 
	Company
	Answer(Yes/No)
	Proposals/Comments

	Nomor Research 
	Yes for eMBB
	Maybe it is not sufficient for mMTC, traffic models may be beneficial. See Q2

	Nokia
	Yes, partly.
	In general, in our view, as baseline, the same KPIs should be used as for 5G NR eMBB/mMTC from TR38.913 Section 7. Furthermore, our understanding is that not all these KPIs are relevant simultaneously for all scenarios and use cases.
Comments:
a) Data rates: PHY (incl. overheads) data rates. Average DL& UL, 5%-ile ‘Cell-edge’ DL & UL. Cell and UE level throughputs.
b) BLER: Not relevant for RAN2  Cellular systems operate with 1st HARQ transmission BLER targets as input (e.g. default 10%), not an output. The used target value should be documented by each company.
c) Reliability: needs to be defined for precise packet latency target. Follow TR38.913 Section 7.9.
d) Latency (RTT) and jitter: Latency will be dominated by the propagation latency (compared to scheduling latencies). Jitter needs to be defined in the context of a given traffic model.
e) Min Layer 2 Buffer size requirement: Assuming propagation delays and control loops have known timing, this can be calculated without simulations. This is more a UE capability requirement which is determined by the other performance requirements. 
f) Accuracy of UE position: Clarify:  i) requirement for NTN to operate or ii) achievable positioning accuracy (NTN used as positioning system/service). 
In our view, the impact of positioning accuracy on performance could be more relevant. TS22.261 (Section 7.4) does not provide any specific positioning requirements for NTN.


	MediaTek
	Yes, but partly
	It would be useful to decouple performance requirements (e.g., data rate and latency) and scenario limitations (e.g., RTD) from implementation requirements (e.g., L2 buffer size). Once performance requirements are clearly identified, then we can discuss how implementation can meet these requirements.
For example: larger propagation time latency will lead to more UL and DL HARQ processes and memory requirements.

	Ericsson
	Yes, partly
	As a first comment, these performance requirements were raised in relation to the study on RLC and PDCP to give guidance on how to design them. We do not believe that they should be should be taken as system simulation parameters as that is up to RAN1 according to the SID. 

For the listed performance parameters 
· a)-d) makes sense to define in this context. 
· e) is important to consider but not a performance parameter itself and we believe that these will be seen when discussing RLC and PDCP and the rate that should be supported.
· f) is also important to consider, but not a performance parameter. Our suggestion would be to instead have this discussion in the mobility discussion. We are also not sure what part of 22.261 is referred to, as there is not much information related to this. 

For both e) and f) we can however agree that it would be beneficial to the study to have guiding numbers on these parameters.


	OPPO
	Yes, more for a/b/c/d
	As commented above, 
· e) would be derivable from latency and datra rate;
· f) is more related to mobility discussion;

	CATT
	Yes but not for f
	F is more related to the issue of mobility. 

	ZTE
	Yes, partial
	Firstly, it’s better to clarify the main targets on parameters definition, e.g., either for RAN2 only or both RAN2 and RAN1.
1. For Data rate and BLER, it seems all of these parameters are related to the RAN1 simulation. For data rate, the typical throughput per cell can be used and typical target BLER:10% without consideration of HARQ can be taken as a baseline since no URLLC usage is preferred by NTN. 10% is just a initial recommended value, the concrete target BLER should be decided with consideration on buffer and link budget.
2. For c ~ e, it makes sense to evaluate these parameters in RAN2, especially, d and e are closely related to the design of HARQ mechanism (i.e.enhancing HARQ or disabling HARQ).
3. For f, there is no need to further specify the dedicated value for NTN SID. It is fine to use the certain relevant parameters to assist the performance evaluation for other metrics and as guidance for scheme design.
Although e) and f) cannot be treated as performance parameters, we still see some benefits to clarify the minimum layer 2 buffer size and the accuracy of UE position at an earlier stage as a reference for scheme design and selection.  

	Huawei, HiSilicon
	Yes, partly
	A and d are typical performance parameters for RAN2, they can be considered as usual. 
For b, BLER is more a PHY performance parameter, it’s not RAN2 relevant. 
For c, when we discuss handover reliability we can have this reliability parameter.
For e, it is implementation relevant, it can be considered as a performance limit but not performance parameter.
For f, although it is really important, it is out of RAN2 scope.

	Fraunhofer
	Mainly yes.
	We share Ericsson’s views.

	Vodafone
	Mostly yes
	We propose to add Packet drop as additional parameter



	Rapporteur’s summary: 
· Most companies agree with the proposed performance parameters a to d (Data rates,Target BLER, Reliability, Latency (RTD) and jitter)
· Some companies point out that BLER and data rate are related to RAN1 simulations
· Most companies point out that proposed performance parameters e and f (Min Layer 2 Buffer size requirement and Accuracy of UE position) are not performance parameters, but it would be beneficial to have guiding numbers on these parameters.  
· One company proposes to consider KPIs defined in TR38.913
· One company proposes to add packet drop as additional parameter
· One company point out that the proposed parameters may not be sufficient for mMTC



Q2: Do you think other performance parameters need to be defined for the NR NTN SI ? 
	Company
	Answer(Yes/No)
	Proposals/Comments

	Nomor Research
	Yes
	I wonder if HARQ can be applicable for infrequent small messages with low delay requirements. This would allow the usage of HARQ with limited softbuffer requirements and provide enough time for retransmissions even in LEO/GEO case. A possible use case would be Machine UE (e.g. container tracker). Such characteristics cannot be described by data rate only as in the eMBB use cases. Important parameters for this case would be packet/message size and traffic periodicity/message generation period. Similar traffic models have for instance been defined for ,. In this case a periodic traffic model and an event-triggered traffic model have been defined. 

	Nokia
	Yes
	Include additional performance evaluation metrics
· Number of HARQ re-transmissions
· Number of RLC re-transmissions
· DL/UL cell resource utilisation and spectral efficiency 
· UE UL Tx power 
Other (RAN2): number of HO events, RLF events, ...

	MediaTek
	Yes
	Agree with Nomor and Nokia, HARQ should be evaluated.
Mobility performance (handover failure rates and latency) should be investigated.

	Ericsson
	Yes
	Other than the ones mentioned a desired mobility interruption time could be useful to either define or explore.

	OPPO
	Yes
	Agree with the ones mentioned above.

	CATT
	YES
	Agree with the performance should be evaluated above, and the mobility performance should be investigated. 

	ZTE
	Yes
	For the relay UE, the limitations on the traffic and capability should also be clarified, which has impacts on the end to end latency and data rate.
To evaluate the mobility performance, the handover rate, handover failure rate, radio link failure rate and ping-pong rate can also be useful to define.

	Huawei, HiSilicon
	Yes
	Some mobility related performance parameters can be considered, e.g. handover interruption time and handover failure rate

	Fraunhofer
	Yes
	We agree with all metrics proposed above.

	Vodafone 
	Yes
	It would be interesting to investigate the performance of the HARQ and RLC re-transmissions when the round trip delay between the UE and Satellite varies between 40-500 ms. We should also investigate the possibility of switching off the HARQ loop altogether. 
We also propose to have look at the Timing Advance with varying satellite round trip delay (LEO/MEO or GEO Satellites) 



	Rapporteur’s summary: 
· Following additional  performance parameters were proposed
· Number of HARQ re-transmissions
· Number of RLC re-transmissions
· DL/UL  cell resource utilisation
· DL/UL spectral efficiency
· UE uplink power
· Number of HO events
· Handover failure rate
· Handover interruption time
· Radio link failure events
· Latency
· Mobility interruption time
· One company points out that packet/message size and traffic periodicity/message generation period may also be needed for mMTC
· One company points out that HARQ and RLC re-transmissions shall be studied with varying RTT and to investigate the possibility of switching off the HARQ loop altogether




Following use cases via NTN are proposed:
a) Pedestrian UE (eMBB)
b) Vehicular relay UE (eMBB)
c) Stationary relay UE (eMBB)
d) Machine UE – satellite (MMTC)

Q3: Do you find the above use cases relevant for the NR NTN SI?  
	Company
	Answer(Yes/No)
	Proposals/Comments

	Nomor Research 
	Yes 
	

	Nokia
	Yes, partly
	The UE TX power class, antenna configurations and rural/urban scenarios for each use case must be clearly defined. E.g. for relay UE cases, the capability of tracking the (LEO) satellite (tracking model accuracy) and antenna beam width.
Clarifications are needed for each use case:
1. Pedestrian UE (eMBB): OK. We assume this means outdoor UE with low antenna gain.
1. Vehicular relay UE (eMBB): OK. We assume this means outdoor high gain antenna towards the satellite, moving at vehicular speeds up to 30km/h to 500 km/h (relative to Earth) in urban or rural scenarios.
1. Stationary relay UE (eMBB): OK. See above.
1. Machine UE – satellite (mMTC): We assume this means outdoor stationary/moving mMTC UE with low antenna gain (mobile terminal like) e.g. in rural/open sea monitoring scenarios.


	MediaTek
	Yes, maybe
	From NTN perspective, is there really a big difference between pedestrian, vehicular and stationary UEs (as long as handover is not involved)? Maybe consider eMBB and MTC case first.

	Ericsson
	Only partly
	For each use case:
a) This is OK.
b) OK if what is referred to here is the Uu connection between gNB and UE(the relay node).
c) Same as b)
d) OK, but given that the work on MMTC for NR has not started we believe that eMBB should be prioritized for this study item.

	OPPO
	Yes, partly
	If the definition of the various UE types is mainly on low/high antenna gain and low/high mobility, we suggest to clarify that aspect, and in that case, the ‘relaying’ functionality seems out of the scope / concern?

	CATT
	YES
	

	ZTE
	Yes
	It is appreciated that the performance requirements and user density for different use cases and UE types are identified separately to have more efficient simulations.  For Vehicular UE (relay note), the UE speed can be up to 500km/h which should be highlighted.
In addition to the listed 4 use cases and UE types, we suggest to add Stationary relay UE (MMTC). Due to the limited UL power of Machine UEs, it may be difficult for such UE to connect to the satellite directly. Having a stationary relay UE in the MMTC case can be considered  to help improve the success rate of connection.

	Huawei, HiSilicon
	Yes, partly
	Firstly eMBB should be considered as a priority because MMTC for NR is still unclear. Secondly in each scenario the corresponding UE capability should be identified, e.g. for Pedestrian UE it only has limited power and low gain antenna, and for relay UE it may be equipped with high gain antenna and long lasting power supply. 

	Fraunhofer
	Yes, but
	We agree with OPPO that the UE types in terms of low/high antenna gain and mobility should be clarified. Even if relaying is very interesting it should be down prioritized until discussion on relaying is finalized.

	Thales
	Yes, partly
	eMBB needs to be considered in priority

	Vodafone
	Yes with additional comments
	As IoT device deployments are increasing, and Satellites could provide an alternative coverage and connectivity for IoT devices in sparsely populated areas, we propose to include IoT as one of the cases to be studied. 



	Rapporteur’s summary: 
· Most companies agree with the proposed use cases with additional comments:
· UE Tx power class, antenna configurations, rural/urban scenarios, indoor/outdoor conditions, UE speed shall be specified
· One company proposes to  have only one eMBB use case, as the eMBB use cases may be quite similar as long as handover is not envolved
· One company asks if relaying functionalities are out of scope
· One company proposes that relaying is down prioritized  as discussions on relaying are still ongoing
· One company asks for an additional use case: stationary relay UE (mMTC)
· Three companies propose to down prioritize mMTC use cases



Q4: Do you think other use cases need to be defined for the NR NTN SI ?
	Company
	Answer(Yes/No)
	Proposals/Comments

	Nomor Research 
	No
	

	Nokia
	Yes
	· Traffic models for DL and UL, must be defined for both eMBB and MTC use cases a) - d). It is preferable to reuse existing traffic models from terrestrial studies. E.g. based on TR36.814 Section A.2.1.3
· eMBB model: FTP Model 1 0.5MB or 2MB file size)
· Alt. 1 mMTC model: FTP Model 2 with very small file size (20 - 100 bytes) and large (possibly fixed) inter-arrival time
· Alt. 2 mMTC model: TR45.820 Section E.2, MAR periodic
· Specify generic reference satellite constellations for LEO for each use cases: i) Near-Polar Walker Star circular orbits and ii) Walker Delta circular orbits. 
The geometry corresponding to a given LEO satellite constellation and UE locations, such as elevation angle, distance to satellite and angle from satellite, determine the radio access (RAN1) and mobility (RAN2) performances in the satellite network. 
E.g.
· Near-Polar Walker Star: Iridium –like orbits
· Walker Delta: Globalstar –like orbits

	MediaTek
	No
	

	Ericsson 
	No
	These use cases should be sufficient for the SI.

	OPPO
	No
	

	CATT
	No
	

	ZTE
	No
	

	Huawei, HiSilicon
	No
	

	Fraunhofer
	Yes, but
	As Nokia stated, it might be beneficial to specify generic reference satellite constellations. And traffic models for eMBB and mMTC needs to be defined together by reviewing the models proposed here: TR45.820 and TR36.885.

	Thales
	No
	



	Rapporteur’s summary: 
· Most companies consider the proposed use cases sufficient, with following comments
· One company proposes to define traffic models
· Two companies ask to specify reference constellations 






User density shall also be defined. It is proposed to define a targeted number of users per km² for each use case.
Q5: Do you agree with the above proposal for the NR NTN SI ?
	Company
	Answer
	Proposals/Comments

	Nomor Research 
	Yes 
	

	Nokia
	Yes, partly.
	Including clarifications. See our comments to Q1-Q4.
User density or call density can be both considered to be defined. E.g. eMBB the call density is more relevant, while in mMTC is the user density.

	MediaTek
	Yes
	User density might vary dramatically in different use cases such as eMBB and MTC. Thus, should be defined for different use cases.

	Ericsson
	Yes, partly
	User densities or other types of densities may be defined, but they should also be defined along with maximum sizes of the cells. It is questionable if it is possible to have extremely large cells with very large user densities if NR rel-15 is taken as baseline. What is perhaps better to define is number of active connections, number of connection attempts and/or number of paging attempts.

	OPPO
	Yes
	

	CATT
	YES
	

	ZTE
	Yes
	The user density or call density can be further defined for each UE type and use case. For example, we can have the following definition:
Pedestrian UE (eMBB): 0.00024 device/km2
Vehicular relay UE (eMBB): 0.00008 device/km2
Stationary relay UE (eMBB): 0.00008 device/km2
Machine UE – satellite (MMTC):  0.0004 device/km2
Or, we can define the user density along with the percentage of each UE type and use case. For example, the user density is 0.0008 device/km2 while 30% are pedestrian UE (eMBB), 10% are vehicular relay UE (eMBB), 10% are stationary relay UE(eMBB) and the remaining 50% are Machine UE - satellite (MMTC). 
We assume all the UEs evaluated are in outdoor scenarios. 
Since the user density in different latitude may be different, it is appreciate that the user densities for typical latitude regions are defined separately rather than a common user density value for all latitudes.


	Huawei, HiSilicon
	No
	It is premature to define a targeted user density, because we are not sure about the whole cell throughput for NTN cell and data rate requirement per UE, so it is difficult for us to predict a reasonable user density.

	Fraunhofer
	Yes, but
	Maybe it is better to determine a maximum number of supported users per area given a predefined system setup. 

	Thales
	No
	In agreement with the above proposals:
· UE density may depend on UE type
As suggested, number of active connections, connection and paging attempts may also be defined

	Vodafone
	Yes
	User densities, or device densities, should be planned but the projections must be realistic and sustainable. 
For dense urban areas, for example, using a reference from GERAN Spec 45.820 Annexe E, 40 devices per household (50 Bytes per device per day) may be unrealistic now, however in 10-year time the device densities could surpass these numbers.
The device density and projected increase, is particularly important in rural or sparsely populated areas. 
We propose to define a realistic device densities for dense-urban, urban and rural environments with a projected increase per 5/10 years. 



	Rapporteur’s summary: 
· Most companies agree to define user density with additional comments
· One company points out that user density shall be use case dependent
· One company points out that maximum cell size shall also be specified with user density
· One company mentions that  it would be preferable to define a latitude dependent user density
· One company points out that call density may be more relevant for eMBB
· One company points out that defining number of active connections, number of connection attempts and/or number of paging attempts may be more relevant
· One company points out that it may be premature to define user density as cell throughput for NTN cell and data rate requirement per UE are not yet defined
· One company proposed to define realistic device densities for dense-urban, urban and rural environments with a projected increase per 5/10 years






2.2 Second stage discussion

	Rapporteur’s introduction: 
The first stage discussion highlights the need for clarifications as there was some confusion between key performance indicators, scenario constraints and implementation requirements.
Moreover, it is not clear from the first email discussion what performance targets need to be selected and defined as part of the study item from a RAN2 perspective.
The first part of the second stage discussion intends to clarify which KPI shall be considered and which performance targets need to be defined.



2.2.1 Further discussion on performance parameters
Companies are encouraged to provide comments on following proposals that are based on the first stage email discussion.
Proposal 1a: The same KPIs as defined in TR38.913 for 5G NR eMBB/mMTC are considered.
Note 1: Buffer size is an implementation requirement
Note 2: Accuracy of UE position is considered as a scenario constraint
Note 3: RTD is considered as a scenario constraint
Proposal 1b: Following performance parameters are considered as most relevant for this SI from a RAN2 perspective:
	KPI
	Performance metrics

	Data rates
	Data rates (incl. overheads):
· Peak DL & UL
· 5th-percentile ‘Cell-edge’ DL & UL

	User plane latency
	· Number of HARQ re-transmissions
· Number of RLC re-transmissions

	Reliability
	As defined in clause 7.9 of TR38.913

	DL/UL cell resource utilisation and Peak spectral efficiency  [bps/Hz]
	· DL& UL
· 5th-percentile ‘Cell-edge’ DL & UL

	Mobility interruption time
	As defined in clause 7.7 of TR38.913: The target for mobility interruption time should be 0ms
Note: HO failure rate and radio link failure could also be characterized

	Area traffic capacity
	Adapted from TR38.913(clause 7.14). As site density is not relevant for satellite systems, another formula is proposed:
area capacity (bps/m2) = 
satellite beam density (satellite beam/m²) x bandwidth (Hz) x spectrum efficiency (bps/Hz/spot beam)


	Connection density
	As defined in clause 7.17 of TR38.913: The target for connection density should be 10 000 (TBC) device/km2
A QoS to ensure a system packet drop below 1% shall also be targeted

	Mobility
	As defined in clause 7.18 of TR38.913 (max. user speed at which a defined QoS can be achieved)
This depends on usage scenarios: pedestrian up to 20 km/h, stationary 0 km/h and vehicular up to 200 km/h
Then high speed train up to 500 km/h and airplanes up to 1000 km/h




	Company
	Comments

	Ericsson
	Comments on individual parameters:
· Data rates: Peak UL & DL is sufficient
· User plane latency: For evaluating the UP latency, consider the number of combined HARQ and RLC retransmissions. I.e maximum number of HARQ/RLC transmissions = X
· Reliability: The reliability should be within the user plane latency boundary
· DL/UL cell resource utilisation and Peak spectral efficiency: DL&UL is sufficient
· Connection density/area traffic capacity: The area traffic capacity would be tied to the connection density and the data rates, so we believe area traffic capacity is redundant in this case.


	MediaTek
	Agree on above KPIs and Performance metrics in proposal 1b.

	Huawei, HiSilicon
	Agree on above KPIs and Performance metrics in proposal 1b.

	Nomor Research GmbH
	Agree on above KPIs and Performance metrics in proposal 1b.

	Nokia
	We do not support specifying new performance targets for NTN. The KPIs definition in TR38.913 can be reused but without the numerical values for required performance, such as reliability, latency, data rates, etc.

Further comments for Proposal 1b and the corresponding Table.
· In the Table there are several parameters which are more relevant to RAN1 thus we propose to amend to reflect this:
Proposal 1b “Following performance parameters are considered as most relevant for this SI from a RAN2 and RAN1 perspective”
· In our view, all target KPI values should be removed, e.g. “0m interruption time” or “packet drop below 1%”. In our understanding this Table is meant to list the performance metrics to be evaluated rather than performance requirements.
· The ‘Peak DL & UL’ data rates should be defined more precisely, e.g. “95%-ile DL & UL” data rates. In addition, the average cell data rate could be included as well.
· The ‘User plane latency’ performance metric should be presented in terms of “average”, “5%-ile” and “95%-ile” values
· The ‘reliability’ metric evaluation should be adapted to the NTN latency conditions, rather than simply re-using the URLLC requirements.
· The ‘Mobility interruption time’ and ‘Connection density’ items could be removed. The HO and RLF performance numbers can be considered as part of the ‘Mobility’ item. The achievable ‘Connection density’ is an output rather than a requirement and should not be listed as such (10 000 device/km2)
· Under the ‘Mobility’ item, the “defined QoS” is not to be used as requirement, therefore we suggest removing this.
Under the ‘Mobility’ item, the target UE velocities to be evaluated must be aligned with the NTN scenario agreements in RAN2 and TR38.821.

	ZTE
	(1)In addition to the above KPIs, we think the KPI "user experience data rate" shall be included in the KPI table as well, which is a more useful KPI in the evaluation of UE density. 
In 38.913, the evaluation of the user density in "Extreme long distance coverage in low density areas" is based on the consideration that "Evaluate how many users can be served per cell site when the range edge users are serviced with the target user experience data rate. ". Therefore, without the "user experience data rate", it will be hard to check whether the user density can be achieved or not.
(2) About the connection density, we should first clarify the defined density is only for active UEs or both active and idle UEs. The user density for both active and idle UEs and call density for active UEs should be considered.
As we mentioned in the first stage, the user density or call density can be further defined for each UE type and use case by giving a density value along with the percentage of each UE type and use case (i.e. Pedestrian UE (eMBB), Vehicular relay UE (eMBB), Stationary relay UE (eMBB), Machine UE – satellite (MMTC)).

	
	

	
	




	Rapporteur’s summary: 
· Most companies agree with the performance parameters from Proposal 1b
· As some performance parameters are more relevant to RAN1, one company proposes to modify proposal 1b as follows: “Following performance parameters are considered as most relevant for this SI from a RAN2 and RAN1 perspective”
· One companies asks to remove all numerical values as the table was only meant to list performance metrics
· One company asks for an additional KPI “user experience data rate”
· One company asks to define the maximum number of HARQ/RLC transmissions for evaluating the UP latency
· The ‘reliability’ metric evaluation should be adapted to the NTN latency conditions, rather than simply re-using the URLLC requirements.
· Other individual comments on KPIs that are difficult to summarize but that are captured in the updated TP:
· Data rates: Peak UL & DL is sufficient
· Reliability: The reliability should be within the user plane latency boundary
· DL/UL cell resource utilisation and Peak spectral efficiency: DL&UL is sufficient
· Connection density/area traffic capacity: The area traffic capacity would be tied to the connection density and the data rates, so we believe area traffic capacity is redundant in this case.
· The ‘Peak DL & UL’ data rates should be defined more precisely, e.g. “95%-ile DL & UL” data rates. In addition, the average cell data rate could be included as well.
· The ‘User plane latency’ performance metric should be presented in terms of “average”, “5%-ile” and “95%-ile” values
· The ‘Mobility interruption time’ and ‘Connection density’ items could be removed. The HO and RLF performance numbers can be considered as part of the ‘Mobility’ item. The achievable ‘Connection density’ is an output rather than a requirement and should not be listed as such (10 000 device/km2)
· Under the ‘Mobility’ item, the “defined QoS” is not to be used as requirement, therefore we suggest removing this.
· Under the ‘Mobility’ item, the target UE velocities to be evaluated must be aligned with the NTN scenario agreements in RAN2 and TR38.821.
· About the connection density, we should first clarify the defined density is only for active UEs or both active and idle UEs. The user density for both active and idle UEs and call density for active UEs should be considered.
· User density or call density can be further defined for each UE type and use case by giving a density value along with the percentage of each UE type and use case 




Proposal 2a: The following use cases shall be considered in priority:
· Pedestrian UE (eMBB)
· Vehicular relay UE (eMBB), with Uu connexion between the gNB and the relay UE
· Stationary relay UE (eMBB) , with Uu connexion between the gNB and the relay UE
Note: mMTC is therefore down prioritized for this SI 

Proposal 2b: For each use case, following UE capabilities should be identified 
· Tx Power
· Antenna gain
· Speed

	Company
	Comments

	Ericsson
	· Identifying Tx Power and antenna gain would be RAN1 work. We would however be OK with given relative indications of Tx power and antenna gain if it helps with RAN2-related studies.
	Scenario
	Description

	Pedestrian
	· Low UE antenna gain
· Low UE power
· Low UE speed (5km/h)

	Vehicular relay
	· Medium UE antenna gain
· Medium UE power
· High UE speed (900km/h max)

	Stationary relay
	· High UE antenna gain
· High UE power
· Low UE speed (~0km/h)





	MediaTek
	Agree with Ericsson, for proposal 2a, would aeroplane-based UEs be one use case? E.g., onboard WiFi.

	Huawei, HiSilicon
	Agree with Ericsson, the relative indications are ok for us.

	Nomor Research GmbH
	From standardisation point of view, it would be preferred to down prioritize mMTC in the first phase. Nevertheless it should be considered in the second phase of the standardisation of NTN networks.  

	ZTE
	(1) For Proposal 2a, in addition to the above use cases, we suggest to add Airplane relay UE (eMBB) as a separate use case to be considered.
“Targeted usage-scenarios with satellite access are pedestrian, stationary in building, on board vehicle, high speed train or airplanes. Stationary in building, on board vehicle, high speed train or airplanes usage-scenarios may require a relay UE. The priority of the Rel-16 study will be on pedestrian and on board vehicle usage-scenarios.” As mentioned in the latest SI RP-182880,  coverage of aircraft routes is a brightened dot of NTN service. It is meaningful to highlight it as a typical use case.
Additionally, the LOS probability is almost 1 for airplanes. While for Vehicular Relay UE on the ground, the LOS probability varies as the angle changes with the topographic features. The PATHLOSS, AtmosphereLoss, RainLoss may also be different for Airplane relay UE and Vehicular Relay UE on the ground, causing performance differences. With the above consideration, we suggest to add Airplane relay UE (eMBB) as a separate use case.
(2) For Proposal 2b, in addition to the Tx power, antenna gain and speed, we suggest to take UE height into consideration due to different UE height is with different LOS probability. The UE speed relative to satellite varies for UEs in different heights which will lead to  different HO rates.
(3) About UE speed: 3km/h is used as typical speed for pedestrain UE. For Vehicular relay UE, the max UE speed is 500m/h, which has already captured in 38.811.
(4) About the UE antenna gain: 
For Vehicular relay UE ,the typical value should be 43.2 or 8 dBi. Whether 43.2 or 8 dBi is used depends on what kind of typical antenna is used for vehicular. If VSAT is used, the antenna gain should be 43.2dBi. If antenna array, for each element, it should be 8dBi.
For Stationary relay UE, usually the antenna is VSAT, the antenna gain is 43.2dBi as mentioned in 38.811.
For Airplane relay UE, similar to Vehicular relay UE, the antenna gain is 43.2 dBi for VSAT and 8 dBi for antenna array.
(5) About the UE power for Stationary relay UE, it is 33dBm for typical VSAT terminal as mentioned in 38.811.
With the above suggestions, we propose the following table:
	Use case
	Description

	Pedestrian UE (eMBB)
	· Low UE antenna gain (typically 0dBi)
· Low UE power (typically 23dBm)
· Low UE speed (typically 3km/h max.)
· UE height(0km)
Note: UE height (0km) represents all the UEs on the ground regardless of the local altitude.

	Vehicular relay UE (eMBB)
	· Medium UE antenna gain (typically 43.2dBi or 8dBi)
· Medium UE power (typically 33dBm)
· High UE speed (typically 500km/h max.)
· UE height(0km)

	Stationary relay UE (eMBB)
	· High UE antenna gain (typically 43.2 dBi)
· High UE power (typically 33dBm)
· Low UE speed (0km/h)
· UE height(0km)

	Airplane relay UE (eMBB)
	· Medium UE antenna gain (typically 43.2dBi or 8dBi)
· Medium UE power (typically 33dBm)
·  High UE speed (typically 1000km/h max.)
· UE height(10km)




	
	

	
	

	
	




	Rapporteur’s summary: 
· Concerning Proposal 1a:
· Two companies ask to add “Airplane relay UE (eMBB)” as use case
· One company mentions it will be important to consider mMTC use cases in the second phase of the standardization of NTN
· Concerning Proposal 1b:
· One company points out (and two other companies agree) that UE Tx power and antenna gain is RAN1 work, but RAN2 could give relative indications
· One company  proposes to add UE height for each use case






2.2.2 Discussion on targeted performance values
Please provide inputs on performance parameters for which target values need to be defined.
	Company
	Performance parameters 

	Thales
	· Peak data rate (DL/UL)
· Activity factor 
· Traffic model

	Ericsson
	· Peak data rate
· Combined retransmissions (UP latency)
· Reliability
· Targeted mobility interruption
· Connection density


	Huawei, HiSilicon
	· Peak data rate (DL/UL)
· Activity factor 
· Reliability
· Connection density


	Nomor Research GmbH 
	Proposed values by Thales and Ericsson are fine in case mMTC is down prioritized. Otherwise packet sizes and packet periodicity will be required as well. 

	Nokia
	We do not support specifying new performance targets for NTN. 
The KPIs definition in TR38.913 can be reused but without the numerical values for required performance, such as reliability, latency, peak data rates, etc.
Proposal 3: Traffic model used in 5G NR can be adopted with parameters adapted to the NTN scenario.

	ZTE
	The activity factor is somehow related to the traffic model.
For example, if the traffic model is full buffer, the activity factor is 1. If the traffic model is FTP Traffic Model 1/3(see TS36.814 A.2.1.3.1), the activity factor equals to user/packet arrival rate λ. Maybe the activity factor is not needed if the traffic model is defined.

	
	

	
	







Please propose reference values for the performance parameters 
	Company
	Performance parameters 

	Thales
	
	Scenario
	Peak data rate (DL/UL)
	Overall user density 
	Activity factor 

	Pedestrian
	10/1 Mbps
	10/km2
	20%

	Vehicular relay
	50/25 Mbps
	10/km2
	20%

	Stationary relay
	200/100 Mbps
	10/km2
	20%





	Ericsson
		Scenario
	Peak data rate(DL/UL)
	Combined retransmissions 
	Reliability
	Targeted mobility interruption
	Connection density

	Pedestrian
	20/5 Mbps
	8
	10-4
	1s
	5/km2

	Vehicular relay
	50/25 Mbps
	4
	10-4
	1s
	5/km2

	Stationary relay
	175/100 Mbps
	2
	10-4
	1s
	5/km2





	Huawei, HiSilicon
		Scenario
	Peak data rate(DL/UL)
	Reliability
	Connection density
	Activity factor

	Pedestrian
	10/1 Mbps
	10-4
	5/km2
	20%

	Vehicular relay
	50/25 Mbps
	10-4
	10/km2
	30%

	Stationary relay
	500/250 Mbps
	10-4
	5/km2
	N/A




	Nomor Research GmbH
	Proposed values by Thales and Ericsson are fine in case mMTC is down prioritized.

	Nokia
	We do not support specifying new performance targets for NTN. 
The KPIs definition in TR38.913 can be reused but without the numerical values for required performance, such as reliability, latency, peak data rates, etc.

	ZTE
	We think the KPI  "user experience data rate" shall be included in the table as well. In TR 38.913, the evaluation of the user density in "Extreme long distance coverage in low density areas" is processed by "Evaluate how many users can be served per cell site when the range edge users are serviced with the target user experience data rate. ". Therefore, we think the similar approach shall be considered in the evaluation of the user density in NTN scenario.
For the user density, considering the user density are evaluated separately for different scenarios (e.g. different cell coverage, speed, services) in 38.913, we want to clarify the assumption for the user density in NTN, do we intent to have a common target user density for all scenarios  (e.g. GEO, LEO or cell with different coverage) or we intent to have different target user density for different scenario.
For the KPI table proposed by companies:
(1) As mentioned under Proposal 1b, it should be clarified firstly of the defined user density here is only for active UEs or both active and idle UEs.
(2) As we mentioned in the first stage, the user density or call density can be further defined for each UE type and use case by giving a density value along with the percentage of each UE type and use case (i.e. Pedestrian UE (eMBB), Vehicular relay UE (eMBB), Stationary relay UE (eMBB), Machine UE – satellite (MMTC)).
(3) As mentioned in 2.2.2, the activity factor is somehow related to the traffic model.
For example, if the traffic model is full buffer, the activity factor is 1. If the traffic model is FTP Traffic Model 1/3(see TS36.814 A.2.1.3.1), the activity factor equals to user/packet arrival rate λ. Maybe the activity factor is not needed if the traffic model is defined.
The following table is given as an example of the performance parameters in our understanding:
Note: The total user density for all types of UEs in either active and idle state is X/km2. (The value of X and the percentage for each UE type can be evaluated when the  KPI "user experience data rate"is clearly defined.)
	Scenario
	Peak data rate(DL/UL)
	Reliability
	User density-percentage
	Traffic model

	Pedestrian
	10/1 Mbps
	10-4
	TBD
	FTP 1/3

	Vehicular relay
	50/25 Mbps
	10-4
	TBD
	Full buffer

	Stationary relay
	500/250 Mbps
	10-4
	TBD
	Full buffer

	Airplane relay 
	360/72 Mbps
	10-4
	TBD
	Full buffer




	
	




	Rapporteur’s summary: 
· Following  performance parameters are proposed by most companies
· Peak data rate (DL/UL)
· Reliability
· Connection density
· Traffic model or Activity factor
· One company mentions that activity factor is related to traffic model
· One company proposes the following additional performance parameters 
· Targeted mobility interruption
· Combined retransmissions (for UP latency)

· Four companies provided values for performance requirements, discussions will be needed to merge these numbers
· One company does not support providing specific performance requirements for NTN
· One company points out that some clarifications are needed from above discussions:
· It was proposed to add the KPI “user experience data rate”
· It was proposed to define user density  depending on scenarios
· It was asked to specify if  user density is related to active users only 
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4 Proposed text 
Note: for information only, no feedback is expected from companies. The text proposal will be adapted according to the outcomes of the email discussion
[bookmark: _Toc530555912]----- start of text proposal -----
7 Radio protocol issues and related solutions
[bookmark: _Toc530555913][bookmark: _Toc530555914]7.1 KPI and evaluation assumptions
7.1.1 	KPI and performance metrics
KPIs have been defined in TR38.913. From a RAN2 perspective, following KPIs and performance metrics have been identified as most relevant for the study: 
User density or call density can be further defined for each UE type and use case by giving a density value along with the percentage of each UE type and use case

	KPI
	Performance metrics

	Data rates	Comment by Thibault Deleu: It was proposed to include a user experience data rate, to be discussed
	Data rates (incl. overheads):
Peak, average, 5th-percentile, 95th-percentile DL & UL
· 5th-percentile ‘Cell-edge’ DL & UL

	User plane latency
	· Number of HARQ re-transmissions
· Number of RLC re-transmissions
(Average, 5th-percentile  and 95th-percentile)

	Reliability
	As defined in clause 7.9 of TR38.913TBD

	DL/UL cell resource utilisation and Peak spectral efficiency  [bps/Hz]
	DL& UL
· 5th-percentile ‘Cell-edge’ DL & UL

	Mobility interruption time
	· Maximum UE speed at which a defined QoS can be achieved
· Mobility interruption time
· HO failure rate
· Radio link failure
As defined in clause 7.7 of TR38.913: The target for mobility interruption time should be 0ms
Note: HO failure rate and radio link failure could also be characterized

	Area traffic capacity	Comment by Thibault Deleu: May be removed as potentially redundant with connection density
	Adapted from TR38.913(clause 7.14) because
As site density is not relevant for satellite systems, another formula shall be considered
A new formula is proposed:
area capacity (bps/m2) = 
satellite beam throughput/beam foot print area


	Connection and call density
	· Connection density for active and inactive UEs
· Call density for active UEs
As defined in clause 7.17 of TR38.913: The target for connection density should be 10 000 (TBC) device/km2
A QoS to ensure a system packet drop below 1% shall also be targeted

	Mobility
	As defined in clause 7.18 of TR38.913 (max. user speed at which a defined QoS can be achieved)
This depends on usage scenarios: pedestrian up to 20 km/h, stationary 0 km/h and vehicular up to 200 km/h
Then high speed train up to 500 km/h and airplanes up to 1000 km/h




7.1.2 Use case and UE assumptions

Three different use cases are considered:	Comment by Thibault Deleu: Airplane relay may be added depending on discussions
	Use case
	Description

	Pedestrian UE (eMBB)
	· Low UE antenna gain (typically 0dBi)
· Low UE power (typically 23dBm)
· Low UE speed (typically 5km/h max.)

	Vehicular relay UE (eMBB)
	· Medium UE antenna gain (typically 8dBi)
· Medium UE power (typically 33dBm)
· High UE speed (typically 250km/h max.)

	Stationary relay UE (eMBB)
	· High UE antenna gain (typically 41dBi)
· High UE power (typically 39dBm)
· Low UE speed (0km/h)




7.1.3 Performance evaluation assumptions
	Parameter
	Value

	Peak data rate

	

	Combined retransmissions
	

	Reliability

	

	User density

	

	Targeted mobility interruption

	

	Traffic model

	

	Activity factor	Comment by Thibault Deleu: To be discussed as traffic model and activity factor may be redundant

	



7.1.4 	Delay
[no text change, see Section 7.1.1 in the lastest version of TR38.821] 





----- end of text proposal -----

