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1	Introduction
The NTN WI is presented in [1], where the following general objectives are defined:
	4.1	Objective of SI or Core part WI or Testing part WI

The 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:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
· Transparent payload is assumed




The RAN4-specific objectives are:
	4.1.4	RAN4
Study the framework how NTN core requirements are defined.

Specify the following requirements [RAN4] (Note 1)
· UE RRM core requirements 
· Study and identify which bands may be potentially relevant to NTN including: 
· Analysis of regulations in the spectrum considered
· Adjacent channel co-existence 
· Considering the potential bands to be used as example for the WID:
· Specify needed generic RF core requirements for the network and the UE such that adjacent channel co-existence scenarios are met and performance of other RF parameters (RX performance, TX signal quality etc.) are subject to acceptable minimum requirements 

· Investigate and specify UE timing & frequency pre compensation accuracy requirements as needed [RAN4].
· 
4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.

Specify necessary UE and network performance requirements for the specified enhancements [RAN4].
Specify RRM test and network conformance tests [RAN4].




The following objective for RAN4 is specified in the section that lists the RAN2 objectives:
	The following control plane procedures enhancements should be specified (see TR 38.821)
…
· Connected mode
· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.
· Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4].




In this document, we discuss the NTN WI and present our view on the possible impact of this WI on RAN4 RRM work. 
2 NTN Scenarios and possible RRM impact
The NTN WID defines different scenarios:
1. LEO
2. GEO
3. Implicit support for HAPS and ATG scenarios.
It is being discussed in RAN whether a separate WI in RAN4 will be created for the ATG scenario, so this scenario will not be discussed in this document.  Regarding LEO, GEO and HAPS scenarios, the following characteristics are important for the definition of RRM and demodulation requirements. Those numbers were taken from the technical report [2] and study item deployments [3].
[bookmark: _Ref54103150]Table 1 – Example of scenarios in the NTN study item / Technical Report.
	
	GEO [2]
Deployment D1
	LEO (600  km - 1200 km) 
Deployment D3 & D4
	HAPS
Deployment D5

	Footprint size [2]
	3500 km
	1000 km
	5-200 km 

	Platform orbit  / altitude [2]
	35786 km
	300 – 1500 km 
	20 km 

	Max Round trip time [3]
	541.46 ms
	28.408 – 51.661 ms
	3.526 ms

	Max differential delay  [3]
	16  ms
	4.44  - 7.158 ms
	0.697 ms

	Max Doppler shift S band[3]
	-
	+/- 48 kHz
	100 Hz due to HAPS motion

	Max Doppler shift Ka band [3]
	For plane 
@30 GHz: +/- 27.7 kHz
	@30 GHz : +/- 720 kHz
	-

	Max Doppler variation in Hz/s S band [3]
	Negligible
	-544 Hz@2GHz
	Negligible

	Max Doppler variation in Hz/s Ka band [3]
	Negligible
	-5.44 kHz/s @ 20GHz (Downlink) 
-8.16 kHz/s @30 GHz (uplink)
	-



The NTN WI defines several communication scenarios: LEO, GEO and implicit support for HAPS and ATG. These scenarios are significantly different, for example, in term of cell-coverage, round trip time, differential delay and max Doppler shift, which might impact on RRM core / Demodulation requirements. 
One topic that might impact the work in RAN4 RRM is related to the propagation delay difference between neighbour satellites. For example, in GEO scenarios, the propagation delay difference of the service link in one cell can be up to 10 ms between different UEs depending on their location [7]. Considering the neighbour cells, the propagation delay difference to the serving cell may exceed 10 ms, especially if those cells are connected to different ground stations. This delay difference might create the case in which the UE misses the SSB/CSI-RS measurements because these signals are not aligned with the SMTCs / measurement gaps. A similar situation may occur as the UE does not know about each of its neighbour cells whether it belongs to the same satellite or not with the serving cell, i.e. is time-synchronized with the serving cell or not. In order to resolve this uncertainty, SMTC enhancements or additional signalling to the UE may be needed. This topic is listed in [2] for both LEO and GEO scenarios, with priority to the LEO scenario due to the mobility, and needs to be addressed by both RAN2 and RAN4 according to the WID. 
The long propagation delay, time-varying delay difference between neighbour satellites and different time synchronization between them requires enhancements on the SMTC configuration and measurement gap configuration, to avoid the situation that the reference signals are missed.  
Additionally, in NTN and the considered transparent architecture there is the possibility of having 2 feeder links, simultaneously for soft feeder link switch, or consecutively for hard feeder link switch. This may impact some timing issues and requirements might need to be discussed in RAN4 RRM. 
In the transparent architecture, the UE might have simultaneously 2 feeder links. This might impact some timing issues and requirements might need to be discussed in RAN4. 
Though it is too early to assess the specific impact on the RRM requirements defined in the TS 38.133 specification, given the status of the discussions on RAN1 and RAN2, Table 2 provides our initial views, which can be considered by RAN4 when starting the NTN work. 
Considering the enhancements proposed in the WID, Table 2 provides initial views on the possible impact to RAN4 RRM requirements (pending the progress in RAN1 and 2) which can be considered by RAN4 when starting the NTN work: 
[bookmark: _Ref54103153]Table 2 - Preliminary assessment of the impact of the NTN WID on the requirements in TS 38.133
	Section
	Comments
	GEO
	LEO 

	 Idle/Inactive state mobility
	RAN2 has agreed that the NR cell selection / reselection will be the baseline for NTN, but there are still open topics about satellite/HAPS ephemeris based cell reselection [6]. Additionally, considering the satellite / HAPS movement and large propagation delays, neighbour cell measurements might be impacted.
	
	x

	Connected state mobility
	There are no agreements in place yet in RAN1 or RAN2. During the study item some enhancements were discussed. Additionally, the baseline NR handover requirements assume regularity of SSB transmissions, which might not be ensured in NTN, due to the large propagation delays and satellite/satellite movement. The list of challenges are listed in [2], as well as the list of proposed enhancements, which include enhancements to measurement configuration / reporting, mobility configuration and conditional handover, which might need new requirements in RAN4. 
	x
	x

	Random Access
	The WID lists potential enhancements on the PRACH sequence and format, which would require new demodulation requirements, and extension of the ra-ResponseWindow, so the requirements might be impacted, pending decisions on other groups.
	x
	x

	UE transmit timing
	There will be an impact, depending on the UL pre-compensation agreements in RAN1. 
	x
	x

	MRTD / MTTD
	Not impacted in Rel-17 NTN. 
	
	

	Radio Link Monitoring
	Likely to have no impact, considering the current status of discussions and what was captured on TR 38.821.
	
	

	Interruption
	Needs to be checked pending the discussions in other groups. 
	
	

	BWP switch
	The requirements are currently defined from the moment in which the UE gets the switch command, or the timer is expired. Therefore, it is unlikely that the requirements are changed. However, some changes to the BWP operation are listed in the WID, so RAN4 should follow the discussions in RAN1/2. 
	
	

	Link Recovery (BFD/CBD)
	There is no progress in RAN1 and RAN2 regarding beam management yet, so it is unclear whether the enhancements discussed in the WID would impact the existing requirements. 
	
	

	Measurement Procedure
	Might be impacted. The NR measurement procedures are based on the periodic reception of SSBs or CSI-RS signals during the SMTCs. Due to neighbour satellite / HAPS movement and large propagation delay, the reception of signals might occur outside of the SMTCs. The WID proposes some enhancements to SMTCs / measurement gaps and RAN4 impact depend on the progress in RAN1/RAN2.
	x
	x



RAN4 to study at least the LEO and GEO scenarios in order to determine whether the same RRM / Demodulation requirements can be defined.  
3 UE timing and frequency synchronization accuracy
Among the specific RAN4 objectives there is the investigation and specification of UE timing and frequency pre-compensation accuracy requirements as needed. The Work Item has only started in RAN1 and RAN2 in the last WG meeting, in August, so the definition of the UL time and frequency synchronization enhancements for this scenario is still ongoing.  Considering this specific topic, the following was agreed in the last RAN1 meeting [4]: 
	UL time and frequency synchronization
Agreement:
· In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
· its position 
· a reference time and frequency
· And, based on one or more of these elements together with additional information (e.g., serving satellite ephemeris or timestamp) signalled by the network, can compute timing and frequency, and apply timing advance and frequency adjustment at least for UE in RRC idle/inactive mode.
· FFS:  Details on additional information signalled from network
Agreement:
In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the following potential contributions:
· The User specific TA which is estimated by the UE:
· Option 1: The User specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network:
· FFS: Details on serving satellite ephemeris indication 
· Option 2: The User specific TA is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network
· The Common TA if indicated by the network:
· FFS: The need and details of Common TA indication 
· FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)




The discussion about UL time and frequency synchronization has just started in RAN1. The agreements in RAN1 #102 include at least the support for UEs which can derive based on their GNSS implementation one or more of: its position, a reference time and frequency. It is still open for discussion which additional information signalled from the network can aid in the computation of timing and frequency. 

One of the main objectives of the GNSS-assisted time pre-compensation is to guarantee that the preamble transmission of the initial RACH attempt will be time aligned and decodable at the gNB, and at the same time minimize interference to adjacent UL time slots/symbols without violating the frame structure. In a similar way, UE-specific frequency pre-compensation will be needed in UL to compensate for the large frequency offsets caused by Doppler on feeder and access links. This is required to avoid frequency misalignments between multiple UL transmissions, resulting into loss of orthogonality and inter-carrier interference at the satellite. 
It has been observed in [5] that considering GNSS as the original time source, there will be several sources of inaccuracy to deal with,  such as: lag of the ephemeris information, precision of the ephemeris data, GNSS inaccuracy, delay on GNSS-information conversion, orbit perturbations and altitude modelling. In particular the GNSS inaccuracy may depend on several parameters, such as signal blockage, multipath reflections, interference and jamming, quality of the GNSS device and delay in GNSS information conversion etc.   
 There are several sources of inaccuracy for estimating the time/frequency synchronization between UE and gNB by using GNSS location: lag of the ephemeris information, precision of the ephemeris data, GNSS inaccuracy, orbit perturbations and altitude modelling, delay on GNSS-information conversion at the UE and atmospheric delays. 
RAN4 to investigate the required accuracy of external reference to be used for UE timing & frequency pre-compensation and how this compares with the accuracy provided by GNSS in a practical setup.  
4 Conclusions
1. The NTN WI defines several communication scenarios: LEO, GEO and implicit support for HAPS and ATG. These scenarios are significantly different, for example, in term of cell-coverage, round trip time, differential delay and max Doppler shift, which might impact on RRM core / Demodulation requirements.
1. The long propagation delay, time-varying delay difference between neighbour satellites and different time synchronization between them requires enhancements on the SMTC configuration and measurement gap configuration, to avoid the situation that the reference signals are missed.
1. In the transparent architecture, the UE might have simultaneously 2 feeder links. This might impact some timing issues and requirements might need to be discussed in RAN4
  Considering the enhancements proposed in the WID, Table 2 provides initial views on the possible impact to RAN4 RRM requirements (pending the progress in RAN1 and 2) which can be considered by RAN4 when starting the NTN work: 
Table 2 - Preliminary assessment of the impact of the NTN WID on the requirements in TS 38.133
	Section
	Comments
	GEO
	LEO 

	 Idle/Inactive state mobility
	RAN2 has agreed that the NR cell selection / reselection will be the baseline for NTN, but there are still open topics about satellite/HAPS ephemeris based cell reselection [6]. Additionally, considering the satellite / HAPS movement and large propagation delays, neighbour cell measurements might be impacted.
	
	x

	Connected state mobility
	There are no agreements in place yet in RAN1 or RAN2. During the study item some enhancements were discussed. Additionally, the baseline NR handover requirements assume regularity of SSB transmissions, which might not be ensured in NTN, due to the large propagation delays and satellite/satellite movement. The list of challenges are listed in [2], as well as the list of proposed enhancements, which include enhancements to measurement configuration / reporting, mobility configuration and conditional handover, which might need new requirements in RAN4. 
	x
	x

	Random Access
	The WID lists potential enhancements on the PRACH sequence and format, which would require new demodulation requirements, and extension of the ra-ResponseWindow, so the requirements might be impacted, pending decisions on other groups.
	x
	x

	UE transmit timing
	There will be an impact, but depends on the UL pre-compensation agreements in RAN1. 
	x
	x

	MRTD / MTTD
	Not impacted in Rel-17 NTN. 
	
	

	Radio Link Monitoring
	Likely to have no impact, considering the current status of discussions and what was captured on TR 38.821.
	
	

	Interruption
	Needs to be checked pending the discussions in other groups. 
	
	 

	BWP switch
	The requirements are currently defined from the moment in which the UE gets the switch command, or the timer is expired. Therefore, it is unlikely that the requirements are changed. However, some changes to the BWP operation are listed in the WID, so RAN4 should follow the discussions in RAN1/2. 
	
	

	Link Recovery (BFD/CBD)
	There is no progress in RAN1 and RAN2 regarding beam management yet, so it is unclear whether the enhancements discussed in the WID would impact the existing requirements. 
	
	

	Measurement Procedure
	Might be impacted. The NR measurement procedures are based on the periodic reception of SSBs or CSI-RS signals during the SMTCs. Due to neighbour satellite / HAPS movement and large propagation delay, the reception of signals might occur outside of the SMTCs. The WID proposes some enhancements to SMTCs / measurement gaps and RAN4 impact depend on the progress in RAN1/RAN2.
	x
	x



1. [bookmark: _GoBack]RAN4 to study at least the LEO and GEO scenarios in order to determine whether the same RRM / Demodulation requirements can be defined.  
The discussion about UL time and frequency synchronization has just started in RAN1. The agreements in RAN1 #102 include at least the support for UEs which can derive based on their GNSS implementation one or more of: its position, a reference time and frequency. It is still open for discussion which additional information signalled from the network can aid in the computation of timing and frequency. 
There are several sources of inaccuracy for estimating the time/frequency synchronization between UE and gNb by using GNSS location: lag of the ephemeris information, precision of the ephemeris data, GNSS inaccuracy, orbit perturbations and altitude modelling, delay on GNSS-information conversion at the UE and atmospheric delays. 
RAN4 to investigate the required accuracy of external reference to be used for UE timing & frequency pre-compensation and how this compares with the accuracy provided by GNSS in a practical setup.  
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