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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2 #121, RAN2 has achieved the following agreements and one working assumption: 
	Agreements:
1. Continue in the next meeting, to show the possible signalling gain of the proposal to have some common (C)HO configuration. FFS the number of cells that could be signalled. FFS whether broadcast or groupcast signalling could be used.
2. For location-based CHO for earth-moving cells we follow the solution being investigated for cell reselection to allow the UE to derive the serving cell’s reference locations as the cells move. FFS whether the same mechanism can also be used for the candidate cell’s reference location.
3. Support RACH-less Handover in Rel-18.
4. RACH-less Handover in NR NTN is a L3 mobility procedure (FFS if this is combined with the unchanged PCI approach, if supported) and uses the LTE’s RACH-less Handover procedure as a baseline. FFS on TA acquisition
5. In NTN RACH-less handover, network indicates (implicitly or explicitly) whether NTA in the target cell is identical to the source cell or explicitly provided by the NW.
6. Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. FFS whether to limit the solution to same feeder link/gateway scenario.

Working Assumption: 
In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported


In this paper, we will continue discussing these issues.
2. Discussion
2.1 [bookmark: _Ref131674149]RACH-less
To support RACH-less procedure in NR NTN, based on LTE RACH-less, some functionalities need to be discussed and enhanced.
· Issue 1: TA acquisition.
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command;   is UE self-estimated TA to pre-compensate for the service link delay;  is network-controlled common TA, and may include any timing offset considered necessary by the network;  is a fixed offset used to calculate the timing advance.
NTA is update based on TA Command field in msg2/msgB and MAC CE TA command as follows:
· When TAC ( in msg2/msgB is received:  , where   is the TAC field in msg2/msgB
· When TACs ( provided within the MAC CE is received:  , where  is the TAC field received in MAC CE  command
In LTE, RACH-less is supported only when TA value of the source cell is reused for the targeted cell, or TA=0. In TS 36,331, it is indicated whether target cell TA is 0 or the NTA of any source TAG is reused.
RACH-Skip-r14 ::=					SEQUENCE {
	targetTA-r14					CHOICE {
		ta0-r14							NULL,
		mcg-PTAG-r14						NULL,
		scg-PTAG-r14						NULL,
		mcg-STAG-r14					STAG-Id-r11,
		scg-STAG-r14					STAG-Id-r11
	},
	ul-ConfigInfo-r14				SEQUENCE {
		numberOfConfUL-Processes-r14			INTEGER (1..8),
		ul-SchedInterval-r14			ENUMERATED {sf2, sf5, sf10},
		ul-StartSubframe-r14			INTEGER (0..9),
		ul-Grant-r14					BIT STRING (SIZE (16))
	}																OPTIONAL	-- Need OR
}
For NR NTN intra-satellite HO scenario, the target cell TA is identical to the source cell, as already included in the RAN2 #121 agreement:
1. In NTN RACH-less handover, network indicates (implicitly or explicitly) whether NTA in the target cell is identical to the source cell or explicitly provided by the NW.
It is impossible for the UE TA to be 0 in NTN scenarios. Therefore, the agreement does not mention TA = 0 case. However, since the exact wording was changed to “NTA” rather than “TA” based on company comments, for the NTA part, it is still possible that NTA = 0, and in our understanding, the latter half of the agreement “explicitly provided by the NW” mainly refers to the case that NW will configure NTA = 0 to the UE. If the NW configures a non-zero NTA value, it means the target cell needs to estimate the TA using uplink signals (e.g., SRS) transmitted by the UE. Actually “eNB based TA calculation” has been discussed in LTE RACH-less, and was not adopted because some companies have concerns that the TA value forwarded from the target eNB could expire during the HO, and also the TA value forwarding mechanism requires extra work in RAN1/2/3/4.
RAN2 has agreed to uses the LTE’s RACH-less Handover procedure as a baseline. We think RAN2 should not discuss the case where NTA does not equal to zero based on the aforementioned reasons. The ultimate decision is up to RAN1, as also suggested by RAN4 in the LS (R4-2303239):
	RAN4 assumes the determination of the value for NTA for the different scenarios is up to RAN1.


Proposal 1: In NTN RACH-less handover, NW either indicates NTA in the target cell is identical to the source cell (i.e. intra-satellite handover), or the NTA explicitly provided by the NW is 0. RAN2 will not discuss the case where NTA does not equal to 0.
· Issue 2：UL GRANT for the initial PUSCH
Based on LTE principle, if RACH-less HO is configured, the UE can access the target cell via uplink grant pre-allocated to the UE in RRC message or the UE monitors PDCCH of the target cell for uplink grant. Hence, in NR NTN same approaches can be reused. One way is that the target also can allocate the UL grant during handover preparation and send it to UE in RRCReconfiguration message. Another approach is that after UE is synchronized with the target cell, UE can monitor the PDCCH of target cell to get the dynamic grant. But there is some difference due to the beam related consideration between LTE and NR NTN. In NR NTN legacy RACH procedure, after UE gets the SSB beam Index after sync with the target cell, the UE chooses the RO corresponding to the SSB beam Index to send preamble and the target can get the TX Beam Index related to the UE. In RACH-less procedure, the target gNB can pre-allocate several UL grant resources and each UL grant resources can be associated with the DL SSB beam index which means UE can select the UL grant resource by using the measured DL SSB beam index of the target cell. Then the target gNB can get the TX beam related to UE based on the chosen UL resource. 
Proposal 2: Uplink grant can be provided to the UE in HO command or UE monitors the PDCCH of the target cell to get it. 
· Issue 3: Trigger condition of stopping T304.
In legacy mechanism, the T304 is used to detect HO failure, and is stopped if MAC successfully completes the random access procedure. When RACH-less HO was introduced in LTE, the T304 stop condition is updated: in case of RACH-less, T304 is stopped when MAC indicates successful reception of a PDCCH with UE C-RNTI from the target cell [1]:
	1>	if MAC successfully completes the random access procedure; or
1>	if MAC indicates the successful reception of a PDCCH transmission addressed to C-RNTI and if rach-Skip is configured:
2>	stop timer T304;


In our understanding, same principle can be reused in NR NTN.
Proposal 3: In NTN RACH-less handover, T304 is stopped if MAC indicates the successful reception of a PDCCH with UE C-RNTI from the target cell.
· Issue 4: whether RACH-less Handover in NR NTN implies L3 mobility procedure
In RAN2 #121, RAN2 had a working assumption to support satellite switching without PCI changing (not requiring L3 mobility) for hard satellite switch scenario. And it is FFS whether this can be combined with RACH-less procedure.
In our understanding, it is feasible to combine both. For hard satellite switch without PCI change, 1) NTA is assumed to be zero, which is the same with the NTA for inter-satellite RACH-less HO with changed PCI; 2) UE monitors the PDCCH of target cell for UL grant; 3) after t-Service, the UE performs downlink synchronization with the new satellite, and T304 is stopped if MAC indicates the successful reception of a PDCCH with UE C-RNTI from the target cell.
Proposal 4: For unchanged PCI scenario, RACH-less is supported: 1) NTA is 0 in this case; 2) UE can monitor target cell PDCCH for UL grant; 3) T304 is stopped if MAC indicates the successful reception of a PDCCH with UE C-RNTI from the target cell.
2.2 Signalling reduction
2.2.1 No HO command
In RAN2 #121, the following WA on unchanged PCI was achieved:
Working Assumption: 
1. In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported. 
Proposal 5: Confirm the working assumption from RAN2 #121: “In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported.”
[bookmark: _GoBack]The WA is focused on hard satellite switch scenario. In the following we discuss the enhancement for soft satellite switch. In our understanding, soft satellite switch means the next satellite provides coverage before the previous satellite’s coverage vanishes.
For soft switch, some companies questioned whether there could be SSB timing confusion or PCI collision issues. We think the issue may be addressed by coordination between the two satellites, e.g., the two satellites will transmit by using different beams (corresponding to different SSB indexes) during the time of overlapping coverage. But the case for soft switch with the same PCI may need RAN1 confirmation as well.
To fully address these concerns and avoid involving RAN1, an alternative solution for soft switch is to use different PCIs for previous and incoming satellites, however, same as hard switch, the UE still keeps the configuration from source cell (i.e., the only thing changed is the PCI). The new PCI for target cell can be indicated to the UE in advance via system information of the pervious cell. If different PCIs are used, there is no interference issue. When the t-Service expires, UE updates the configuration using the PCI of coming cell and performs the downlink synchronization with the incoming cell, then accesses to the coming cell. 
Proposal 6: For soft switch, RAN2 consider a no-HO-command solution of keeping the radio configuration but only changing the PCI.
2.2.2 With HO command
In RAN2 #121, common (C)HO configuration was discussed, and the signalling gain is yet to be proven.
Agreements:
1. Continue in the next meeting, to show the possible signalling gain of the proposal to have some common (C)HO configuration. FFS the number of cells that could be signalled. FFS whether broadcast or groupcast signalling could be used.
From our perspective, there are still several issues to be addressed before going for this solution:
1) Broadcast or groupcast signalling, as already in the FFS. We think at least groupcast signalling is not appropriate since this requires RAN1 to design the G-RNTI but RAN1 is not involved in the WID objective of HO enhancement. From RAN2 perspective, grouping the UE requires additional discussion on e.g. the criteria for grouping, whether there is assistance information for grouping, how to inform the UE of grouping results, etc.
2) Identifying which IEs in the HO command can be common configuration, this should be a case-by-case discussion. The maximum SIB size also needs to be considered. For instance, if the common configuration of a candidate target cell takes about 80 bytes, at most 4 neighbour cells can be included in the SIB. In contrast, the current SIB19 can broadcast the assistance information of 8 neighbour cells, meaning that some neighbour cell common information may need to be included in the dedicated signalling. Besides the common configuration, RAN2 also needs to discuss how to handle the UE specific parts of the HO command, e.g. how to inform UE. 
3) Analysing the signalling reduction gain, as already in the FFS. Note that this should be compared with delta configuration. The existing mechanism already allows delta configuration of HO command. Furthermore, broadcasting common configuration introduces the additional overhead to the system information, especially considering if this is a cell-level configuration then some parts of the common signalling may not be applicable for some UEs (e.g. if the UEs are not in the coverage of corresponding neighbour cells). This drawback should also be taken into consideration.
4) Exception procedures handling, e.g. if a UE does not receive the common configuration successfully, what is the corresponding behaviour of the UE and NW. A possible solution is that after the UE receives the common configuration the UE can give a feedback to the network or the UE needs to read the target cell’s system information which will increase the handover interruption. To resolve this issue, more complex enhancement maybe introduced.
Based on the above, we think this solution should be deprioritized.
Proposal 7: On extracting common (C)HO configuration, groupcast signalling is not considered since RAN1 is not involved in the objective. If broadcast signalling is to be used, the justification of signalling overhead reduction should take delta signalling in existing HO command as baseline, and also consider the excessive signalling if the cell-level configuration of some neighbour cells are irrelevant to some UEs (e.g. if the UEs are not in the coverage of such neighbour cells).
3. [bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
[bookmark: _Toc423020280]In this paper, we discuss mobility enhancements for Rel-18 NTN. The following observations and proposals are provided:
Proposal 1: In NTN RACH-less handover, NW either indicates NTA in the target cell is identical to the source cell (i.e. intra-satellite handover), or the NTA explicitly provided by the NW is 0. RAN2 will not discuss the case where NTA does not equal to 0.
Proposal 2: Uplink grant can be provided to the UE in HO command or UE monitors the PDCCH of the target cell to get it. 
Proposal 3: In NTN RACH-less handover, T304 is stopped if MAC indicates the successful reception of a PDCCH with UE C-RNTI from the target cell.
Proposal 4: For unchanged PCI scenario, RACH-less is supported: 1) NTA is 0 in this case; 2) UE can monitor target cell PDCCH for UL grant; 3) T304 is stopped if MAC indicates the successful reception of a PDCCH with UE C-RNTI from the target cell.
Proposal 5: Confirm the working assumption from RAN2 #121: “In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported.”
Proposal 6: For soft switch, RAN2 consider a no-HO-command solution of keeping the radio configuration but only changing the PCI.
Proposal 7: On extracting common (C)HO configuration, groupcast signalling is not considered since RAN1 is not involved in the objective. If broadcast signalling is to be used, the justification of signalling overhead reduction should take delta signalling in existing HO command as baseline, and also consider the excessive signalling if the cell-level configuration of some neighbour cells are irrelevant to some UEs (e.g. if the UEs are not in the coverage of such neighbour cells).
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