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Introduction
RAN#80 approved a new SI on solutions evaluation for NR to support Non-Terrestrial Network. The RAN1 objectives of the SI for physical layer are reported as follows [1]:
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.

Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]
A significant difference of Non-Terrestrial Network (NTN) compared to terrestrial network is the simultaneous presence of a very large propagation delay (up to hundreds of milliseconds) and a very large Doppler shift (up to several SCS) due to the fast moving of (LEO) satellites. 
Regarding timing advance acquisition during the initial access procedure, in RAN1#102-e [2] it was decided that:
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)

In RAN1#103e [3], targeting the acquisition of UL synchronization for initial access of users in RRC idle/inactive mode, it further was decided that:
· In NTN, the network may broadcast 
· A common timing offset value 
· FFS details of the common timing offset
· FFS: A common timing drift rate
· Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

Where:
is derived from the User specific TA self-estimation
 is derived at least from the common timing offset value if broadcasted by the network. The granularity of  and whether  is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.
· depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
·  is specified in TS 38.211 section 4.1. 
· Note: UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.

In the past RAN1#104e [4], the following further progress was made, leaving for further study the operation of open and closed loop TA control:
· An NTN UE in RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
· For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.

So far, TA acquisition was investigated from the perspective of users performing initial access and for users updating their TA in RRC_CONNECTED state during their dwelling time in a cell. There was no decision concerning the acquisition of TA in the target cell for RRC_CONNECTED users performing handover. In this contribution, we discuss several issues related to timing advance acquisition and their impact on the system performance in general, and more particularly on their impact on the overhead related to handover procedures for RRC connected UEs.

Discussion on timing advance acquisition
Timing advance acquisition through a RACH procedure applies to two cases of figure
· RRC idle/inactive users performing initial access to the network and acquiring a first timing advance value before uplink transmission;
· RRC connected users already under the control of a source gNB already having a user-specific timing advance value controlled by the source gNB and performing handover towards a target gNB, thus needing to acquire a new timing advance value for the the uplink synchronization with the target gNB. 
The current contribution targets acquisition of the timing advance value when entering a new cell in one of the two cases of figure here-above, and does not refer to the timing advance tracking during the dwelling time of an RRC active UE within a given cell, which can be performed by the network through timing advance correction commands.
Considerations on timing advance acquisition during initial access for RRC idle/inactive UEs
For the case of RRC idle/inactive UEs, autonomous timing advance pre-compensation at the UE side is necessary. This can rely on location information at the UE-side, possibly combined either with satellite ephemeris or other non-UE-specific assistance provided by the network. 
As per the current decisions, the self-acquired TA value is computed as a sum of at least:
· NTA, a user specific value, location dependent, representative of the RTT between the user equipment and the satellite RTT(UE-sat), and that the UE can autonomously acquire based on its own GNSS and ephemeris knowledge;
· X, a value derived at least from the common timing offset value, broadcasted by the network and representative of the RTT between the satellite and the reference point where DL/UL frame alignment is observed from network perspective, RTT(RP-sat); this reference point is under network control and the UE needs not know its exact location.
One reasonable network implementation corresponds to the case where DL/UL frame alignment is achieved at the gNB, which greatly simplifies gNB implementation. In this case, X corresponds to the RTT between the gNB and the satellite and needs to be regularly updated by the network, since the gNB to satellite distance is evolving with the satellite movement.
Another discussed option would be to consider that DL/UL frame alignment is achieved at the satellite side (X=0). This implies that gNB would have to handle large time-varying DL/UL frame misalignment with important impact on the gNB complexity, which is an important drawback for this option.
In any case, the NTN UE performing initial access and being able to measure several cells potentially deployed by different satellites in sight needs to know which satellite deploys each cell in order to autonomously acquire NTA for a given cell based on the distance between its own location and the satellite. How the UE becomes aware of this information needs to be further discussed.
[bookmark: _Toc68278195]Observation 1: It is assumed that the NTN UE knows the mapping between cell ID and the satellite deploying the cell before initial access.
When the UE uses self-acquired pre-compensation, it should signal the used value to the network during the initial access process, in order for the gNB to be able to compute the full TA value and perform UL scheduling accordingly. In the absence of this value, the network can only assume that the UE experiences the maximum round trip time in the cell, which can cause unnecessary latency for the UL scheduling.
[bookmark: _Toc68278199]Proposal 1: UEs using self-acquired timing advance for initial access signal the pre-compensation value NTA to the network during the initial access process.
GNSS-based TA acquisition may be long/inaccurate and the GNSS module may not be available in the same time as the NR module, which may cause further acquisition delays. It is useful for the network to broadcast a default NTA_default value (e.g. representative of a UE in the beam centre or in other position taken as a reference) to be used by UEs having difficulties in acquiring GNSS-based self-acquired TA in a reliable manner in a reasonably short time interval. In a forward compatible manner, signalling such a default value will be useful for future releases UEs without GNSS capability.
[bookmark: _Toc68278200]Proposal 2: In NTN, the network broadcasts a beam-specific default value NTA_default of the user-specific NTA value for initial access purposes.


Considerations on timing advance acquisition during handover of RRC active UEs
In the past RAN1#104-e meeting, some offline discussions summarized in [5] tackled the issue of RACH-less handover, which was proposed to be de-prioritized in RAN2. Nevertheless, the discussion in the current document is independent on the status of RACH-less HO decisions. If RACH-less HO is supported in the current release, finding a reliable mean of self-acquisition of the TA value in the target cell is obviously mandatory. If RACH-less HO is not supported, it is of utmost importance to find a mean of alleviating the signaling due to handover, which is way higher than in terrestrial networks. RACH capacity is limited in NTN mainly since the supported cells are large. Moreover, frequent and/or massive handovers of all users in the system caused by the network architecture of a LEO system itself lead to an excessive signaling overhead and an extra burden on the already loaded RACH resource. 
[bookmark: _Toc68278196]Observation 2: In LEO systems, methods for alleviating the load on the RACH capacity and the signaling charge due to handover are necessary, regardless of the status of RACH-less HO in Rel.17.
RRC connected UEs are under network control and have a timing advance value representative of the actual measured radio propagation time, which is more reliable than autonomously self-acquired timing advance. The round-trip time between the UE in RRC connected mode and the serving gNB, at a given time, can be written as 
RTT(UE-gNB)=TA+RTT(gNB-RP)
Where
· TA is the user-specific timing advance value, known by the UE under network control and updated by the network through the timing advance update command procedures, 
· RTTRP-gNB is a cell-specific value known by the network (and not necessarily known by the UE).
When performing a handover from a source to a target cell, a RRC connected UE will be in one of the two following cases, depending on the network topology, which is partly unknown by the UE:
· Case 1: source and target cell/beams are deployed by a same satellite and served by a same gateway
· Case 2: source and target cell/beams are deployed by different satellites and/or different gateways
In a typical terrestrial deployment, when performing a handover from a source to a target cell, which are usually situated at different geographical locations, the radio conditions and the respective timing advance values of the UE significantly change when moving from the source to the target cell. The UE needs to acquire a new timing advance value with respect to the new target gNB, which is usually uncorrelated with the timing advance value of the gNB in the source cell, this being one of the main reasons preventing the adoption of RACH-less handover mechanisms in terrestrial networks.
In a satellite system, the network topology is significantly different. Especially for LEO systems with fixed beams (moving footprint), for a RRC connected UE performing handover, the source cell and the target cell are in many cases deployed by a same satellite and controlled by a same terrestrial gateway. In other words, the source and target gNBs are in many cases collocated and the UE radio conditions/propagation delays are identical between the source and the target gNBs.
[bookmark: _Toc68278197]Observation 3: In LEO systems with fixed beams (moving footprint), for a RRC connected UE performing handover, the gNBs of the source cell and respectively the target cell are often collocated.
In this case (and in fact for all handover scenarios labelled “case 1” here-above), the value of RTTUE-gNB remains unchanged between the source and the target cell, that is:
RTT(UE-gNBsource)= RTT(UE-gNBtarget)
Let us denote by ΔRP= RTT(gNBsource- RPsource)- RTT(gNBtarget-RPtarget). For reasonable implementations of the reference point for DL/UL frame alignment (e.g. at the gNB, at the satellite), for collocated gNBs generating cells deployed by a same satellite, RTT(gNBsource- RPsource)= RTT(gNBtarget-RPtarget) and thus ΔRP=0. If for some reason this value is non-null in case 1, this value is fixed for each combination of (source, target) cells. By taking into account the fact that 
RTT(gNB-sat)=RTT(gNB-RP)+RTT(RP-sat)= RTT(gNB-RP)+X
It follows that, even if ΔRP is non-null, for collocated gNBs with cells deployed by the same satellite, the UE can easily deduce ΔRP in the following manner:
ΔRP= RTT(gNBsource- RPsource)- RTT(gNBtarget-RPtarget) = Xtarget-Xsource
Therefore, it follows that, for RRC connected UEs performing handover from a source to a target cell deployed by a same satellite and served by a same gateway,
TAtarget=TAsource[+Xtarget-Xsource]
RRC connected UEs performing case 1 handover in a LEO system do not need to acquire a new TA value through RACH procedure when handed over to the target cell. The RACH procedure during case 1 handover can be simplified, or even skipped altogether. Since the UE is not supposed to be fully aware of the network topology, some assistance information is needed from the network side in order to inform the UE that it can skip the TA acquisition and follow a simplified handover procedure to access a given target cell. Such assistance can be provided by a cell specific indication, or in an UE specific manner as part of the handover command.
[bookmark: _Toc68278198]Observation 4: RRC connected UEs performing handover from a source to a target cell deployed by a same satellite and served by a same gateway need not acquire timing advance through a RACH procedure.
In the other cases labelled here-above as “case 2”, the UE needs to acquire a new TA value, but yet again some simplifications are still possible. Some implementation-based methods can for example be applied, since the majority of the handovers are caused by the satellite movement and can be anticipated in a deterministic manner. If such methods are not implemented, TA acquisition through a classical RACH procedure is possible at the cost of the associated overhead.
[bookmark: _Toc68278201]Proposal 3: Support network assistance indicating to the UE whether to skip timing advance acquisition during handover. 
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Figure 1: Timing Advance estimation overview

Impact on the overhead related to handover procedures
In LEO (NGSO) satellite systems with fixed beams, the satellite’s earth footprint is slipping continuously relatively to earth surface due to satellite movement. All UEs, even if not moving relatively to earth surface, have to be periodically handed over from beam to beam and satellite to satellite. This can lead to a huge amount of signaling, which is resource and time consuming, especially due to the fact that all UEs in the system constantly perform handover, and also to the long Round Trip Time (RTT) existing between a UE and the base station (on-board base station in case of regenerative satellite, earth-based base station in case of transparent satellite).
Without network-based TA assistance, unnecessary TA estimation procedures happens during periodic HO between beams/cells belonging to the same satellite, and over-provisioning of RACH resources have to be made to cope with TA estimation during HOs. 
The current proposal allows RACH resources to be saved ad HO procedures to be faster.

Conclusions
Based on the discussion in this contribution, we make the following observations:
Observation 1: It is assumed that the NTN UE knows the mapping between cell ID and the satellite deploying the cell before initial access.
Observation 2: In LEO systems, methods for alleviating the load on the RACH capacity and the signaling charge due to handover are necessary, regardless of the status of RACH-less HO in Rel.17.
Observation 3: In LEO systems with fixed beams (moving footprint), for a RRC connected UE performing handover, the gNBs of the source cell and respectively the target cell are often collocated.
Observation 4: RRC connected UEs performing handover from a source to a target cell deployed by a same satellite and served by a same gateway need not acquire timing advance through a RACH procedure.

We propose the following:
Proposal 1: UEs using self-acquired timing advance for initial access signal the pre-compensation value NTA to the network during the initial access process.
Proposal 2: In NTN, the network broadcasts a beam-specific default value NTA_default of the user-specific NTA value for initial access purposes.
Proposal 3: Support network assistance indicating to the UE whether to skip timing advance acquisition during handover.
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