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Introduction
RAN2 sent an LS to ask in which NTN scenarios RACH-less handover is possible [1]. The LS provides a list of scenarios including 
(1) Intra-satellite handover with the same feeder link, i.e., with same gateway/gNB
(2) Intra-satellite handover with different feeder links, i.e, with gateway/gNB switch
(3) Inter-satellite handover with gateway/gNB switch
(4) Inter-satellite handover with same gateway/gNB

In this contribution, we discuss the possibility of RACH-less handover in various NTN scenarios.  
Discussion
In legacy handover procedure, after receiving handover command via RRC connection reconfiguration from source cell, a UE sends random access preamble to target cell. After the UE receives random access response from target cell, which includes timing advance (TA) command, it sends handover complete via RRC connection reconfiguration complete to target cell. 
In RACH-less handover, after receiving handover command from source cell, the UE waits for uplink grant from target cell. Once it receives uplink grant, it sends handover complete via RRC connection reconfiguration complete to target cell. Since there is no random access in the targe cell, the RACH-less handover solution offers significant reductions in the data connectivity interruption time at each handover, and hence reduced overall handover execution time. 
There are two use cases of RACH-less handover in LTE. In the first case, target cell is a small cell, which implies the TA value of the target cell is equal to 0. In the second case, the TA value of the target cell is equal to the TA value of the source cell. 
It seems natural that in the first scenario in RAN2 LS, i.e., intra-satellite handover with the same feeder link, the TA value of target cell is equal to the TA value of source cell. 
Observation 1: For intra-satellite handover with the same feeder link, the TA value of target cell is equal to the TA value of source cell. 
In NR NTN, the TA update in RRC connected mode is based on both open and closed control loops. Specifically, in the following TA formula,
,
the UE specific TA  and the common TA  are autonomously maintained by UE in terms of open control loop. The UE specific TA  is derived from satellite ephemeris and UE’s own GNSS location. The common TA  is calculated using network indicated parameters. 
In the second scenario in RAN2 LS, i.e., intra-satellite handover with different feeder links, common TA value of serving cell is different from that of target cell. In the last two scenarios in RAN2 LS, i.e., inter-satellite handover with same gateway/gNB or inter-satellite handover with gateway/gNB switch, both UE specific TA value and common TA value of serving cell are different from those of target cell. 
Overall, in the last three scenarios in RAN2 LS, TA value of target cell is different from that of source cell. 
Observation 2: In the last three NTN handover scenarios in RAN2 LS, TA value of target cell is different from that of source cell. 
It should be noted that the satellite ephemeris and common TA parameters of target cell are included in the handover command in NR NTN, since the IE reconfigurationWithSync contains ntn-Config. With these parameters, UE is able to calculate TA value of target cell. 
It is required that UE’s initial transmission timing error shall be less than or equal to , where the timing error limit value  is specified in Table 7.1C.2-1 of [2], as in Figure 1. For example, for uplink signals with SCS=15 or 30 kHz, the  value is  or  when SSB signals have SCS=15 kHz. These timing error limits are about 20% or 33% of the respective CP lengths.   
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[bookmark: _Ref117932880]Figure 1: Timing error limit for NTN
Note the timing error limit in UE’s initial transmission timing error is based on satellite ephemeris and common TA parameters of target cell. With satellite ephemeris and common TA parameters of target cell contained in handover command, in RACH-less handover, the first uplink transmissions to target cell (i.e., handover complete) is supposed to have the same timing error limit. 
Observation 3: If RACH-less handover is applied for NTN, the TA value used in the uplink transmission of handover complete to target cell is derived from the indicated uplink synchronization assistance information of target cell contained in TA command, with timing error less than 33% of CP length.   
If the timing error limits are up to 33% of the CP length, the target cell can decode the first uplink transmission of handover complete. After the initial uplink transmission, the target cell is able to use closed loop TA control of the UE. Hence, it is possible to support RACH-less handover in the last three scenarios in RAN2 LS. Hence, we have the following proposal. 
Proposal 1: RACH-less handover is possible for all the following listed scenarios:
· Intra-satellite handover with the same feeder link, i.e., with same gateway/gNB
· Intra-satellite handover with different feeder links, i.e, with gateway/gNB switch
· Inter-satellite handover with gateway/gNB switch
· Inter-satellite handover with same gateway/gNB

The corresponding draft reply LS on RACH-less handover in NTN is in [3]. 
Conclusion
In this contribution, we provided our views on the possibility of RACH-less handover in various NTN scenarios. Our observations and proposal are as follows:
Observation 1: For intra-satellite handover with the same feeder link, the TA value of target cell is equal to the TA value of source cell. 
Observation 2: In the last three NTN handover scenarios in RAN2 LS, TA value of target cell is different from that of source cell. 
Observation 3: If RACH-less handover is applied for NTN, the TA value used in the uplink transmission of handover complete to target cell is derived from the indicated uplink synchronization assistance information of target cell contained in TA command, with timing error less than 33% of CP length.   
Proposal 1: RACH-less handover is possible for all the following listed scenarios:
· Intra-satellite handover with the same feeder link, i.e., with same gateway/gNB
· Intra-satellite handover with different feeder links, i.e, with gateway/gNB switch
· Inter-satellite handover with gateway/gNB switch
· Inter-satellite handover with same gateway/gNB
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Table 7.1C.2-1: Te_ntn Timing Error Limit

Frequency

SCS of SSB

SCS of uplink

Range signals (kHz) signals (kHz) T.
1 15 15 29"64*T,
30 24*64* T,
60 N/A
30 15 24*64*T,
30 22*64*T,
60 N/A

Note 1:  T.is the basic timing unit defined in TS 38.211 [6]





