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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the last meeting, RAN2 discussed the RACH-based satellite switching with re-sync and had the following agreements:
	· All UEs supporting satellite switch with resync shall be able to perform satellite switch with re-sync without RACH (this does not mean that a UE supporting satellite switch with resync needs to support RACH-less HO)
· CB next meeting to check whether to have a NW indication that UEs in RRC Connected mode need to perform RACH during satellite switch with re-sync


The issue was triggered because some companies think RACH-less procedure requires the UE to accurately estimate the TA (as the network cannot send NTA in RAR to adjust the TA) and may not be feasible in some cases, and would like to keep both options (i.e. RACH-less and RACH-based) in the specification [1].
During RAN2#125, the issue was discussed from both UE and network perspective:
1) If the feasibility of RACH-less satellite switching is questioned on the UE side, the majority of companies would like to mandate the UEs supporting unchanged PCI (i.e. so-called “satellite switching with re-sync” in the spec) to also support RACH-less during this process. And an agreement was made on this aspect as shown above.
2) If the feasibility of RACH-less satellite switching is questioned on the network side or due to some implementation considerations, it is still open whether the network is allowed to use the RACH-based satellite switching (to some of the UEs or all UEs).
Also, in some earlier discussion of the unchanged PCI feature, it has already been taken for granted that RACH-based solution should be supported, e.g. the following was agreed in RAN2#123:
Agreements:
1. In the unchanged PCI case, for RACH-based solution, the UE may trigger RACH immediately after DL synchronizing with the new satellite
In this contribution, we continue to discuss this issue.
2. Discussion
[bookmark: _Ref131674149]In legacy handover (regardless of TN or NTN), the RACH procedure can be triggered by the network (via PDCCH order) or triggered by UE autonomously. In unchanged PCI scenario, even though there is no handover procedure, the UE’s TA will also change due to satellite switch. 
We agree that performing RACH-less can avoid RACH congestion and save some signalling overhead, and have no intention of excluding this procedure. However, we would also like to keep the legacy RACH-based procedure upon TA change due to satellite switching.
Some more practical considerations are given for this:
· If either of the satellite ephemeris/common TA information provided by the network or the GNSS location estimated by the UE cannot meet a high accuracy, the network still needs to adjust the TA information based on the preamble. Note that the ephemeris information and common TA parameters are predictable, the UE will need to predict the real-time value based on the broadcast information corresponding to the epochTime, the estimation error is accumulative. 
· The gateway and gNB may not be co-located. In this case, the propagation delay between gateway and gNB may vary. In this case, the network also needs adjust the TA information based on the preamble.
· There could also be scenarios where the gNB connects to two gateways to reach two satellites, in this case, the variance in the gateway-gNB propagation may also affect the TA accuracy.
· Some processing delay in satellite may be needed which might also affect the TA accuracy, even though during self-evaluation process this was left out for simplicity.
· For RACH-less handover, an LS was sent to RAN1 and RAN4 for confirming the feasibility. In RAN1 reply LS (R1-2213001), the intra-satellite RACH-less handover is claimed as “is possible”, while the inter-satellite case is claimed as “may be possible” which sounds less sure. For unchanged PCI case we never consulted RAN1 or RAN4 on the feasibility of RACH-less unchanged PCI, and it would be safer to keep both possibilities of RACH-less and RACH-based, to leave more freedom for the implementation of satellite operators.
Proposal 1:  For satellite switching with re-sync, both RACH-less and RACH-based procedure are supported.
It could be claimed by some companies that RACH-based unchanged PCI is already supported by the network sending PDCCH order to trigger RACH. However, we think the RACH during satellite switching should allow both network triggered RACH (via PDCCH order) and UE triggered RACH, based on the following reasons:
· The PDCCH order based RACH may require the contention free resources (e.g. dedicated RACH preamble). If all UEs access target cell via CFRA, there may not be enough CFRA resources and some UEs need to wait a long time before sending the preamble, which impacts user experience. Even if CBRA is used (triggered by PDCCH order), sending PDCCH order to all UEs would consume considerable PDCCH resources and some UEs still need to wait.
· Compared with PDCCH order triggered RACH, UE triggered RACH will save 1/2 RTD, in terms of interruption caused by satellite switching.
There could be several ways for this:
· Option 1: Network uses dedicated RRC signalling to configure whether RACH is performed during satellite switching with re-sync;
It could be misunderstood that this option increases signalling overhead. From our perspective, this option will not mitigate the signalling overhead reduction gain brought by the unchanged PCI mechanism, because this indication is piggybacked in the first RRCReconfiguration message sent to UE after UE accessed the cell (when the security has been established and UE capability has been obtained by the network), it will not require an additional RRC message.
It could also be questioned that there is no UE reporting of RACH-less unchanged PCI capability, how the network determines which UE to enable RACH. We think this can be left to network implementation to allow some of the UEs to perform RACH upon satellite switching, while other UEs can wait for PDCCH order to initiate the RACH, in this way RACH collision can be avoided because not all the UEs perform RACH simultaneously.
· Option 2: Network uses 1-bit in the broadcast signalling to configure whether RACH is performed during satellite switching with re-sync;
Some companies may worry that this will introduce RACH congestion issue. From our perspective, “handover signalling overhead reduction” and “RACH congestion avoidance” are the two separate goals of the R18 NTN Connected mode mobility. Unchanged PCI serves the first purpose, while RACH-less serves the other. It is of course ok to combine the two features, but it should also be allowed to use them separately.
To alleviate the RACH congestion issue, it can be further considered to introduce a maximum delay/time window for RACH attempts. After the network indicates in the broadcast signalling that RACH-based should be performed, the network will expect the UEs to finish RACH procedure during this time duration, and the exact time for performing RACH for each individual UE is up to UE implementation and can be distributed to some extent. This will be captured as Option 2b for further discussion.
· Option 3: It is up to UE implementation to decide whether RACH is performed, and the RACH resources are configured by the network in SIB1 (as in legacy);
The spec impact for this option is quite limited. The RACH resources during satellite switching do not need to be changed as the previous satellite and the incoming satellites are served by the same gNB.
Proposal 2:  Downselect from the options on RACH-based satellite switching with re-sync:
· Option 1: Network uses dedicated RRC signalling to configure whether RACH is performed during satellite switching with re-sync;
· Option 2: Network uses 1-bit in the broadcast signalling to configure whether RACH is performed during satellite switching with re-sync;
· Option 2b: On top of the 1-bit indication, network also indicates a maximum delay/time window for RACH attempts;
· Option 3: It is up to UE implementation to decide whether RACH is performed, and the RACH resources are configured by the network in SIB1 (as in legacy).
2. [bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
[bookmark: _Toc423020280]In this contribution, we discussed RACH-based satellite switching with re-sync, and propose the following:
Proposal 1:  For satellite switching with re-sync, both RACH-less and RACH-based procedure are supported.
Proposal 2:  Downselect from the options on RACH-based satellite switching with re-sync:
· Option 1: Network uses dedicated RRC signalling to configure whether RACH is performed during satellite switching with re-sync;
· Option 2: Network uses 1-bit in the broadcast signalling to configure whether RACH is performed during satellite switching with re-sync;
· Option 2b: On top of the 1-bit indication, network also indicates a maximum delay/time window for RACH attempts;
· Option 3: It is up to UE implementation to decide whether RACH is performed, and the RACH resources are configured by the network in SIB1 (as in legacy).
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