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Introduction
In the R3_119 meeting, we achieved some agreements:
Turn WA to agreement: The Uu cell ID is used as target Cell ID in both NG and Xn handover signaling.
Introducing time-based parameters for NG HO follows legacy CHO configuration over Uu interface without any RAN2 impact.
Details on time-based NG HO to be further discussed.
This contribution discusses the RAN3-related aspects of the Mobility and Service Continuity Enhancements in NR NTN.
Discussion
2.1 Discussion on time-based NG-HO
In the previous meeting, RAN3 introduced time-based parameters (starting time T1 and duration time T2) for NG-HO, which is transmitted by the RRCReconfiguration message to UE and is considered as a baseline for discussion. 
The time-based trigger condition is introduced as the CHO trigger condition as specified in TS 38.300:
[bookmark: _Hlk131145924]NTN supports the following additional trigger conditions upon which UE may execute CHO to a candidate cell, as defined in TS 38.331 [12]:
-	The RRM measurement-based event A4;
-	A time-based trigger condition;
-	A location-based trigger condition.

It is known that the current 3GPP specification is not supported NG-CHO for TN and NTN. And the time-based trigger condition is useless for NG-HO because the NG-HO is triggered by the Source gNB handover command instead of time. As the moderator mentioned in the email discussion R3-230937, the time-based NG-HO is the same as the Xn-CHO, and the only difference is NGAP procedure is used instead of the XnAP procedure with no impact on RAN2. 
Based on this, we draw an example of a procedure, as shown in Figure 1, which is a mixed type of NG-HO and Xn-CHO. The blue text is Xn-CHO, and the green text indicates the NG-HO. By observing Figure 1, there are several facts need to be clarified that:
1. Only one Target gNB;
2. Time-based parameters are configured by Source gNB instead of Target gNB;
3. Time-based parameters are sent from Source gNB to Target gNB by Handover Required and Handover Request messages;
4. Target gNB prepares the resources for UE in the time window defined by time-based parameters;
5. Handover Command includes the time-based parameters;
6. RRCReconfiguration message includes the time-based parameters;
7. UE shall not execute handover immediately when it receives the RRCReconfiguration message;
8. The Source gNB applies data forwarding to Target gNB by NGAP just after Source gNB sends the RRCReconfiguration message to UE;
9. There is no data discarding mechanism between Target gNB and Source gNB;
Observation 1: the facts of time-based trigger NG-HO are:
1. There is Only one Target gNB;
2. Time-based parameters are configured by Source gNB instead of Target gNB;
3. Time-based parameters are sent from Source gNB to Target gNB by Handover Required and Handover Request message;
4. Target gNB prepares the resources for UE in the time window defined by time-based parameters;
5. Handover Command includes the time-based parameters;
6. RRCReconfiguration message includes the time-based parameters;
7. UE shall not execute handover immediately when it receives the RRCReconfiguration message;
8. The Source gNB applies data forwarding to Target gNB by NGAP just after Source gNB sends the RRCReconfiguration message to UE;
9. There is no data discarding mechanism between Target gNB and Source gNB;
Considering the items listed above, an obvious problem arises. 
[bookmark: OLE_LINK26]For NTN Xn-CHO, the RRCReconfiguration message will send in advance, and the EARLY STATUS TRANSFER is expected to apply to discarding the transmitted data from the Source gNB to UE. 
However, for NGAP, there are Uplink RAN Status Transfer and Downlink RAN Status Transfer messages, which are described in TS 38.413 as “This message is sent by the source NG-RAN node to transfer the uplink PDCP-SN and HFN receiver status and the downlink PDCP SN and HFN transmitter status during intra 5GC NG-based handover” and “This message is sent by the AMF to the target NG-RAN node to transfer the uplink PDCP-SN and HFN receiver status and the downlink PDCP SN and HFN transmitter status during intra 5GC NG-based handover”, respectively. So, these two messages have no discarding data function. There is an Early Status Transfer Transparent Container IE in the Uplink RAN Early Status Transfer and Downlink RAN Early Status Transfer messages, but it is only applicable for DAPS. 
Therefore, in Figure 1, the Source gNB will transmit data to Target gNB just after RRCReconfiguration Message sends to UE. Then, the Target gNB has to buffer the data from Source gNB without the buffered data discarding mechanism. Then, the Target gNB will buffer the data that Source gNB has delivered. After UE successfully accesses Target gNB, the buffered data in Target gNB will be transmitted to UE, which is repeated.
[image: ]
Figure 1: Time-triggered NG-HO procedure
The problem is apparent right now:
a) The Target gNB buffers a large amount of the data from Source gNB, which is challenging for Target gNB. 
b) A long-time date forwarding takes many NGAP resources, and most of the data is useless;
c) UE will receive many data from Target gNB, which Source gNB already transmits; the handover interruption is equivalent to being extended.
Observation 2: the problems of time-based trigger NG-HO are:
a) The Target gNB buffers a large amount of the data from Source gNB, which is challenging for Target gNB. 
b) A long-time date forwarding takes many NGAP resources, and most of the data is useless;
c) UE will receive many data from Target gNB, which Source gNB already transmits; the handover interruption is equivalent to being extended.
So, an enhancement is needed to solve this problem, and several options with pros and cons are listed:
Option 1: Do nothing and wait for NG-CHO to be supported in TN. It seems to work without a change of NGAP with the drawbacks listed in problems a) & b) & c); the advantage is the lowest workload for RAN3 NTN;
Option 2: Early Status Transfer Transparent Container IE is suggested to support CHO. Option 2 can solve all the problems in Option 1, and this enhancement also can be used in future NG-CHO enhancement. So, we prefer Option 2;
Option 3: Introducing a new IE to inform Target gNB to discard the buffered data when UE detaches from the Source gNB. It shall solve problem c). However, the problem a) & b) still exist, and this IE will be of no use after the NG-CHO is introduced;
Proposal 1: the options listed below are advised to discuss in RAN3:
Option 1: Do nothing and wait for NG-CHO to be supported in TN.
Option 2: Early Status Transfer Transparent Container IE is suggested to support CHO.
Option 3: Introducing a new IE to inform Target gNB to discard the buffered data when UE detaches from the Source gNB.
Proposal 2: We prefer Option 2 because it can solve the problems in Observation 2.
[bookmark: OLE_LINK40]2.2 The long propagation delay impact on time-based NG-HO & Xn-CHO of EMC
[bookmark: OLE_LINK41]The time-based parameters (starting time T1 and duration time T2) are introduced in NG-HO and Xn-CHO in the previous meeting. The time-based parameters are sent from Source gNB to Target gNB on XnAP/NGAP, and the Target gNB prepares the resources to use from T1 to T1+T2. And the time-based parameters [T1, T1+T2] are sent to UE in the RRCReconfiguration message by Source gNB. 
The Target gNB begins to reserve RACH resources to the UE at T1, and Target gNB stops to reserve RACH resources to the UE at T1 + T2. Accordingly, UE will begin to send the RACH preamble to the NTN satellite at T1, and UE will not send the RACH preamble at T1+T2. UE and Target gNB strictly follow the time window of [T1, T1+T2].
Based on this precondition, a situation would happen in time-based NG-HO & Xn-CHO for transparent load displayed in Figure 2. A UE starts to transmit the preamble just before T1+T2. And at T1+T2, Target gNB releases the RACH resource to the UE before the preamble is delivered to Target gNB, so the RACH procedure fails. 
[bookmark: OLE_LINK43]This situation is not expected to happen frequently in TN time-based CHO because the propagation delay Δdelay between UE and Target gNB is very short. However, for transparent satellite NTN, the preamble is transmitted to the NTN satellite, which passes this message to Gateway. Then, the Gateway delivers the preamble to Target gNB. The maximum propagation delay between UE and LEO satellites is 25.77ms for 600km high LEO satellites and 41.77ms for 1200km high LEO satellites [1]. For GEO cases, the Δdelay is larger. Therefore, the time delay Δdelay is apparent for NTN. If the UE starts to access Target gNB from T1+T2–Δdelay to T1+T2, the situation in Figure 2 will happen.
[image: ]
Figure 2: A situation would happen in time-based NG-HO & Xn-CHO for transparent satellite
From UE's point of view, it follows the rule of the time-based triggered handover, but accessing Target gNB failed to exceed the time window defined by time-based parameters. It is contradictory. 
In addition, in the time window from T1 to T1+Δdelay, Target gNB reserves the resources for UE, but Target gNB shall not receive the preambles from UE, which is a waste of the resource.
Observation 3: The apparent propagation of NTN HO will bring two problems:
1) If the UE starts to access Target gNB from T1+T2–Δdelay to T1+T2, the access procedure is expected to fail;
2) The Target gNB cannot receive the preamble from UE between T1 to T1+Δdelay.
Therefore, the time offset Δdelay should be used in Target gNB to shift the time window [T1, T1+T2] to [T1+Δdelay, T1+T2+Δdelay], and the UE keeps legacy. This approach can solve the problems stated in Observation 3. The time offset may be related to TA (Time Advantage).
Proposal 3: a time offset Δdelay is suggested to be used in Target gNB to shift the time window [T1, T1+T2] to [T1+Δdelay, T1+T2+Δdelay], and the UE keeps legacy. The time offset may be related to TA (Time Advantage).
Conclusion and Proposal
Our proposals are summarized below.
Observation 1: the facts of time-based trigger NG-HO are:
1. There is Only one Target gNB;
2. Time-based parameters are configured by Source gNB instead of Target gNB;
3. Time-based parameters are sent from Source gNB to Target gNB by Handover Required and Handover Request message;
4. Target gNB prepares the resources for UE in the time window defined by time-based parameters;
5. Handover Command includes the time-based parameters;
6. RRCReconfiguration message includes the time-based parameters;
7. UE shall not execute handover immediately when it receives the RRCReconfiguration message;
8. The Source gNB applies data forwarding to Target gNB by NGAP just after Source gNB sends the RRCReconfiguration message to UE;
9. There is no data discarding mechanism between Target gNB and Source gNB, i.e., no EARLY STATUS TRANSFER;
Observation 2: the problems of time-based trigger NG-HO are:
a) The Target gNB buffers a large amount of the data from Source gNB, which is challenging for Target gNB. 
b) A long-time date forwarding takes many NGAP resources, and most of the data is useless;
c) UE will receive many data from Target gNB, which Source gNB already transmits; the handover interruption is equivalent to being extended.
Observation 3: The apparent propagation of NTN HO will bring two problems:
1) If the UE starts to access Target gNB from T1+T2–Δdelay to T1+T2, the access procedure is expected to fail;
2) The Target gNB cannot receive the preamble from UE between T1 to T1+delay.
Proposal 1: the options listed below are advised to discuss in RAN3:
Option 1: Do nothing and wait for NG-CHO to be supported in TN.
Option 2: Early Status Transfer Transparent Container IE is suggested to support CHO.
Option 3: Introducing a new IE to inform Target gNB to discard the buffered data when UE detaches from the Source gNB.
Proposal 2: We prefer Option 2 because it can solve the problems in Observation 2.
Proposal 3: a time offset Δdelay is suggested to be used in Target gNB to shift the time window [T1, T1+T2] to [T1+Δdelay, T1+T2+Δdelay], and the UE keeps legacy. The time offset may be related to TA (Time Advantage).
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