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Introduction
In RAN#94-e the WID for Rel-18 IoT NTN was agreed [1] and in RAN#98-e it was updated [2]. The updated objectives of the WID is the following: 
	4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify needed improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1, RAN2]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.

4.1.2	Mobility enhancements
The following mobility enhancements objectives are listed.
-	Support of neighbour cell measurements and corresponding measurement triggering before RLF, using Rel‑17 (TN) NB-IoT, eMTC as a baseline. [RAN2]
-	Support signalling in system information of neighbour cell ephemeris, for eMTC and NB-IoT [RAN2]
-	Re-use the solutions introduced in Rel-17 NR NTN for mobility enhancements for eMTC, with minimum necessary changes to adapt them to eMTC [RAN2]
· Define UE RRM core requirements for the above mobility enhancement features [RAN4].

4.1.3	Further enhancement to discontinuous coverage
-	Study and specify, if needed, mobility management enhancements and power saving enhancements for discontinuous coverage, taking into account the conclusions from the SA2 study FS_5GSAT_Ph2.  [RAN2, RAN3].



In the contribution we focus on the highlighted aspects on other mobility enhancements related to IoT NTN. 
CHO for NTN
Conditional handovers were introduced in NR and E-UTRAN in Rel-16. During the NR NTN Rel-16 Study item it was deemed to have great potential to enhance mobility in NTN. In NR NTN Rel-17 WI it was introduced with a set of enhancements. In IoT NTN Rel-17 it was momentarily discussed, but questions whether it was supported arose and thus no enhancements were considered given the basic use case at the time. For Rel-18 the use case is to support longer connection times, where Conditional Handovers may greatly assist. 

Release 16 CHO procedure
CHO was introduced for both 5G NR and E-UTRAN in Release 16. It involved intensive work as the legacy handover mechanism from E-UTRAN had to be re-adapted to having multiple handover commands. 

Figure 1. Conditional Handover procedure. 
The Conditional handover procedure can be seen in Figure 1. The steps are as follows: 
1. CHO decision. Source eNB decides to attempt to configure CHO. 
2. HANDOVER REQUEST. Handover requests are sent to target eNBs for every target cell. This means that the source eNB may have to send multiple requests to each target eNB. The HANDOVER REQUEST message contains the RRC message HandoverPreparationInformation message. This contains the UE capabilities, Access Stratum configuration and more. These are used for the target eNB to be able to send a suitable handover and RRC configuration in the handover command from the source eNB to the UE. 
3. HANDOVER REQUEST ACKNOWLEDGE. Target eNB sends an acknowledgement if the handover may be performed, for each cell that the source eNB have requested for. This message will contain the RRC message HandoverCommand, which in turn contains the full RRCConnectionReconfiguration message that the target eNB has fully constructed. This contains all the needed configurations for handover command from source eNB to UE to complete the handover. 
4. Source eNB constructs CHO configuration. The source eNB takes all of the configurations from the target cells that acknowledged the Handover Request, gathers these in an RRCConnectionReconfiguration. Furthermore the source eNB decides on a CHO triggering condition for each cell in the CHO configuration. 
5. RRCConnectionReconfiguration containing CHO configuration sent to UE. 
6. RRCConnectionReconfigurationComplete. The UE replies with a complete message. 
7. CHO condition is evaluated. 
8. UE connects to target cell. UE completes the CHO using random access procedure and then sends the RRCConnectionReconfigurationComplete. 

NTN triggers for CHO
The enhancements introduced for NR NTN were the following: 
· Time-based CHO – This is used to trigger CHO to a cell based on the condition of the time being “larger” than a configure threshold. This was considered especially useful in a LEO network where a network can configure CHO in the beginning of a connection and then have the handovers be “timed”.  
· Location-based CHO – This is based on having two reference locations and comparing the distance to both reference locations. The condition is fulfilled when the distance to a first reference location is larger than a first threshold and when the distance to a second reference location is smaller than a second threshold. 
· CHO based on eventA4 – This was introduced for NTN as it would be useful to combine with the other introduced events. 
For both location-based and time-based events, they cannot be configured independently. The above enhancements can be considered as baseline for eMTC. For eMTC we believe that the two most useful events are Time-based and eventA4. 
In RAN2#119-e the following was agreed:
1. CHO enhancements for eMTC NTN (i.e. time/timer based solution) are introduced based on the R17 NR NTN solution. FFS on location-based solution

And then RAN2#119bis-e the following was agreed:
Agreements:
1. For eMTC over NTN, for both earth-moving and earth-fixed cell scenarios, we introduce location based CHO triggering events

Since both the location-based CHO and the time-based CHO has been agreed, the question is whether the event A4 should be introduced. We believe that the event A4 can be used as a standalone event or combined with time-based CHO. Thus we propose:
Proposal 1: Introduce CHO trigger based on event A4 as in NR NTN.
However, given the IoT NTN use case, there can be room for some simplifications or enhancements compared to what was introduced for NR NTN. One such enhancement that was mentioned in some of the contributions is that the conditional events may be configured independently. For IoT NTN this would make sense as the use case is not as demanding as that of NR NTN. However, as was mentioned in RAN2#121, there is an issue where a CHO condition may be fulfilled when the signal strength is very weak. Thus it would be possible that a UE may perform handover to a cell with very poor signal quality, causing RLF and similar.  
Proposal 2: RAN2 to discuss whether to allow NTN CHO events to trigger independently.

Ephemeris signalling in CHO
The RRCReconfiguration containing the SystemInformationBlockType31Dedicated for each target cell is supplied by the target eNB as explained in Section 2.1. The maximum number of cells that can be configured in a conditional handover is 8. This means that there will potentially be 8 ephemeris elements along with the other NTN configurations. The conditional reconfiguration can thus be prohibitively large, despite a reasonable amount of cells being configured. Thus there is a need to be able to shrink the size of a CHO command to a reasonable size. 
Observation 1: CHO command may become prohibitively large when ephemeris elements are repeated. 
Proposal 3: RAN2 to work on reducing the size of the CHO handover command.
When performing handovers in an NTN, it is very likely that the handover candidates will either originate from the same neighbouring eNB, or even more likely, from the same satellite. Thus it should come as no surprise that it should be very much possible to reduce the size of the CHO command by ensuring that ephemeris elements are not repeated. Thus we think that CHO should be enabled by ensuring that the ephemeris is sent per eNB or per satellite. 
Proposal 4: Only the needed/unique ephemeris is sent in the CHO command, i.e ephemeris elements are not repeated if from the same eNB or satellite.
The ephemeris for the target cells are provided in dedicated SIB31. SIB31 is a part of the RRCConnectionReconfiguration, which in turn according to 36.331 is entirely constructed by the target eNB in HandoverCommand:
----------------------- 36.331 V17.4.0 -----------------------
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This message is used to transfer the handover command generated by the target eNB.
Direction: target eNB to source eNB/ source RAN
HandoverCommand message
-- ASN1START

HandoverCommand ::=					SEQUENCE {
	criticalExtensions					CHOICE {
		c1									CHOICE{
			handoverCommand-r8					HandoverCommand-r8-IEs,
			spare7 NULL,
			spare6 NULL, spare5 NULL, spare4 NULL,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		criticalExtensionsFuture			SEQUENCE {}
	}
}

HandoverCommand-r8-IEs ::=			SEQUENCE {
	handoverCommandMessage				OCTET STRING (CONTAINING DL-DCCH-Message),
	nonCriticalExtension				SEQUENCE {}							OPTIONAL
}

-- ASN1STOP

	HandoverCommand field descriptions

	handoverCommandMessage
Contains the entire DL-DCCH-Message including the RRCConnectionReconfiguration message used to perform handover within E-UTRAN or handover to E-UTRAN, generated (entirely) by the target eNB.



----------------------- 36.331 V17.4.0 -----------------------
The source eNB will then construct the full CHO command using the received RRCConnectionReconfigurations and then send to the UE. The issue with this procedure in trying to ensure that the ephemeris signaling is optimized is that the source eNB cannot re-construct anything in the RRCConnectionReconfigration of the target eNB, so the eNB would be unable to for instance remove elements from the target cell’s RRCConnectionReconfiguration in the CHO command being prepared. 
Observation 2: The source eNB cannot change the received RRCConnectionReconfigurations associated with target cells.
Thus in order to solve this problem, RAN2 needs to find a way to enable a target eNB to reduce the amount of ephemeris elements in a RRCConnectionReconfiguration. 
Proposal 5: RAN2 to discuss signaling to enable target eNB to reduce the amount of ephemeris elements in the CHO configuration to the UE.
RACH less in IoT NTN
RACH-less was introduced in Release 14 for E-UTRAN. It enables a UE to skip performing random access during a handover. This is to improve the delay of handovers in some certain cases. In release 14 RACH-less can only be performed in the following cases, related to the TA: 
· When TA to the target cell is equal to zero
· When TA to the target cell is equal to the TA of the source cell

In Rel-16/Rel-17 and now in Rel-18, RACH less was discussed in the context of NTN, mainly due to the fact that with the UE performing self-synchronization, the TA is calculated by the UE. This means that the conditions related to Rel-14 RACH less may be different. Recently, an LS exchange on RACH less was exchanged between NR NTN and RAN1, and the reply from RAN1 is the following (R2-2300020):
RAN1 would like to thank RAN2 for their LS in R1-2210807 (R2-2211017) and provide response to the following question asked by RAN2.
	For mobility enhancement in Rel-18 NR NTN, RAN2 has discussed RACH-less handover. RAN2 would like to check with RAN1 in which of the following listed scenarios RACH-less handover is possible.

(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

ACTION:	RAN2 respectfully asks RAN1 to provide response to the above question.



RAN1 response
For scenario (1), from RAN1 perspective the RACH-less handover is possible, assuming the following notes can be satisfied, when UE UL transmission synchronization can be maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell.
For scenario (2)-(4), from RAN1 perspective the RACH-less handover may be possible, assuming the following notes can be satisfied, when UE UL transmission synchronization can be maintained by applying pre-compensation using the assistance information, e.g., epoch time, ephemeris, common TA, of the target cell.
Note 1: RAN1 assumes that the RAN4 UL synchronization requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission in the target cell.
Note 2: gNB is expected to provide valid assistance information of the target cell to UE.
Note 3: gNB is expected to ensure the UE can perform the UL transmission while respecting common TA and UE processing time.

In the context of IoT E-UTRAN, this should to IoT NTN Rel-18 mean that RACH-less should be possible in IoT NTN for eMTC. Thus we believe that RACH-less should be enabled for IoT NTN. As a start, we believe that the Rel-14 RACH-less can be applicable and then depending on progress in NR NTN, IoT NTN can introduce the same enhancements. Thus we propose:
Proposal 6: RACH-less is enabled for eMTC NTN at least with Rel-14 conditions on TA. RAN2 to further discuss enhancements related RACH less.
Furthermore, as CHO is being introduced for IoT NTN in Rel-18, there can be a lot of benefits in enabling CHO to work with RACH less. This can bring UE energy savings as well as ease network congestion when performing handovers. 
Proposal 7: CHO can be combined with RACH less.

Performing mobility by releasing an NTN UE
For NB-IoT NTN, it is envisioned that mobility will be performed using RLF and re-establishment procedures. In other words, an NB-IoT UE will connect to a cell and if configured, the UE will perform neighbour cell measurements. A separate way of performing mobility for NB-IoT is if a network releases the UE and re-directs the UE. This is likely to be the case in many for earth-fixed cells, especially if neighbour cell measurements are not supported by the UE. This is because performing an RLF procedure is likely to be a waste of time and UE power consumption. A figure of the difference between performing RLF based mobility and releasing a UE in time can be seen in Figure 2. 


Figure 2. Difference between relying on a) RLF and re-establishment and b) releasing a UE.
To make sure that mobility functions well in an earth-fixed scenario, we suggest that RAN2 considers the possibility of using RRC Connection Release to perform mobility. 
Proposal 8: RAN2 to consider enabling NB-IoT mobility using RRC release in an earth-fixed scenario.

Conclusion
In this contribution we discussed issues related to other mobility enhancements for NTN. 
Observation 1: CHO command may become prohibitively large when ephemeris elements are repeated. 
Observation 2: The source eNB cannot change the received RRCConnectionReconfigurations associated with target cells.

Proposal 1: Introduce CHO trigger based on event A4 as in NR NTN.
Proposal 2: RAN2 to discuss whether to allow NTN CHO events to trigger independently.
Proposal 3: RAN2 to work on reducing the size of the CHO handover command.
Proposal 4: Only the needed/unique ephemeris is sent in the CHO command, i.e ephemeris elements are not repeated if from the same eNB or satellite.
Proposal 5: RAN2 to discuss signaling to enable target eNB to reduce the amount of ephemeris elements in the CHO configuration to the UE.
Proposal 6: RACH-less is enabled for eMTC NTN at least with Rel-14 conditions on TA. RAN2 to further discuss enhancements related RACH less.
Proposal 7: CHO can be combined with RACH less.
Proposal 8: RAN2 to consider enabling NB-IoT mobility using RRC release in an earth-fixed scenario.
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