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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 the last 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 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 acquiring a new timing advance value during 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. 
GNSS-based methods suffer from long acquisition times, and the cases when the accuracy and/or availability of the GNSS is problematic needs to be taken into account. In the case of Option 1, imprecise localization is a source of errors on the self-acquired TA value. In the case of Option 2, the difference between the local times at the gateway and at the UE is also source of errors on the self-acquired TA value. If these these errors are above a given tolerance, the RACH preamble can arrive at the gNB outside of the RACH window and cause interference and thus performance degradation. Some evaluation of the performance impact caused by the UEs trying to access the network with self-acquired TA based on imprecise localization/local time could be useful to evaluate if further protection methods are needed 
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: _Toc54303893]Observation 1: For RRC idle/inactive UEs, an evaluation of the performance impact caused by the UEs trying to access the network with self-acquired TA based on imprecise localization/local time is needed.
[bookmark: _Toc54303894]Observation 2: UEs using self-acquired timing advance pre-compensation should signal the pre-compensation value to the network during the initial access process.

Considerations on timing advance acquisition during handover of RRC active UEs
In the previous meeting, the notions of UE-specific TA and common TA have been used in different manners by different companies. Waiting to have a unified definition of these terms, we consider the following notation convention in this contribution:
· The full TA value TAfull is UE specific and accounts for the propagation time between the UE and its serving gNB (e.g. located in a terrestrial gateway if the satellite is a bent pipe transparent payload);
· The common TA value TAcommon is beam/cell specific and accounts for the propagation delay between a virtual UE situated in a reference point in the cell/beam (e.g. beam center) and its serving gNB. If used for pre-compensation purposes, this value (or some equivalent) needs to be broadcasted in the cell/beam;
· The differential TA value TAdiff is UE specific, positive or negative, in such a manner that TAfull=TAcommon+TAdiff
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.
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 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: _Toc54303895]Observation 3: In LEO systems with fixed beams (moving footprint), for a RRC connected UE performing handover, the source cell and the target cell are often collocated.
In this case (and in fact for all handover scenarios labelled “case 1” here-above), the value of TAfull remains unchanged between the source and the target cell, even if different common TA values can correspond to different cells, that is, in case 1 handovers,

	 
RRC connected UEs performing case 1 handover in a LEO system do not need to acquire a new TA value 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 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.
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: _Toc54303896]Proposal 1: 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
[bookmark: _GoBack]
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 and proposals:
Observation 1: For RRC idle/inactive UEs, an evaluation of the performance impact caused by the UEs trying to access the network with self-acquired TA based on imprecise localization/local time is needed.
Observation 2: UEs using self-acquired timing advance pre-compensation should signal the pre-compensation value to the network during the initial access process.
Observation 3: In LEO systems with fixed beams (moving footprint), for a RRC connected UE performing handover, the source cell and the target cell are often collocated.

Proposal 1: Support network assistance indicating to the UE whether to skip timing advance acquisition during handover.
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