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2.1	 Common (C)HO configuration delivery
In RAN2#121bis-e meeting, some issues were left for common (C)HO configuration delivery, which are shown below:
	· Postponed to the next meeting. Proponents need to show how this would work (when/where the information is broadcast, whether the UE (C)HO command is sent before/after the broadcast signalling, etc.). Focus on the quasi-Earth Fixed Cell case.


In the following, we further study the issues left for common (C)HO configuration delivery.
2.1.1	Parameters transmitted in the common configuration for neighbor cells
During current HO procedure, the target cell will transfer common information, i.e. field of spCellConfigCommon, to UE via dedicated RRC signaling. Actually, this part is the same for all the UEs which perform HO to the same target cell.
Besides, considering this common information is broadcasted by the target cell via SIB1, there is no security issue if it is provided via broadcast by the serving cell.
According to the analysis above, it is straightforward to send servingCellConfigCommon of the neighbor cells via common signaling.
Proposal 1: The servingCellConfigCommon of the neighbour cells can be broadcasted by the serving cell for the intention of (C)HO.
2.1.2	Mechanism for transmission of common configuration for neighbor cell
If the common configuration is broadcasted in SIB, two options can be further studied:
· Option 1: Using existing SIB to transfer the common configuration for neighbour cell;
· Option 2: Defining one new SIB to transfer the common configuration for neighbour cell.
In fact, the common configuration for neighbor cell is only used to transfer the common configuration of the neighbor cell. It is mainly used for the HO procedure. If the information is included in existing SIBs, both the inactive/idle UEs and connected UE have to receive the common configuration of the neighbor cell, even if it is not necessary for these UEs. This introduces negative impacts to the UEs which does not support or has no interests on common signaling configuration. Hence, it is not suitable to include this information in the existing SIB.
On the other hand, when new SIB is defined to transfer the common configuration of the neighbor cell, only the UE which is interested in the information will acquire the information. There will no influence to inactive/idle UE and connect UE who does not support or has no interest on the common configuration mechanism. If new SIB is defined, the legacy mechanism can be reused, i.e. the SIB scheduling information is included in SIB1 and the UE which is interested in the information can acquire the information based on the scheduling information in SIB1.
Proposal 2: Define one new SIB, i.e. SIBx, to transfer the common configuration for neighbour cells.
Considering the trajectory of the satellite can be predicted, most UEs will perform handover to only one or two adjacent target cell(s) in the upcoming direction. Hence, the network needs to broadcast the common configuration of these adjacent target cell(s) considering it is high probability the UE will be switched to these cells. And common configuration of the other neighbour cells is not needed to be broadcasted.
Proposal 3: The network broadcasts the common configuration of the adjacent target cell(s) based on the trajectory of the satellite, the number is FFS.
2.1.3	Procedure for transmission of common configuration for neighbor cells
In Figure 1, we illustrate the procedure for how common (C)HO configuration works. The procedure can be summarized as following:
Step 1: The UE acquires the scheduling information for common (C)HO configuration from SIB1 upon particular time, e.g. based network indication or one duration before t-Service. 
The scheduling information for (C)HO may include the window length where SIBx is broadcasted, the periodicity of SIBx as legacy, wherein SIBx indicates the common configuration of the neighbor cell per Proposal 2. 
Considering the common configuration for (C)HO is only be applied for handover execution, so it only requires to be provided before the handover execution. So it doesn’t need to be broadcast periodically continuingly as other SIB.
For quasi-Earth Fixed Cell, considering the UEs starting HO at the time close to t-Service, one option is to introduce one time offset Duration in SIB1. SIBx can be broadcasted after the time [t-Service - Duration] instead of the whole serving time. And the UE only monitors SIBx during the time [t-Service - Duration, t-Service]. Another solution is network could broadcast one indication via Paging to inform the UE to acquire the SIBX.
Step 2: The UE starts to monitor SIBx according to the scheduling information in SIB1 if the UE supports common (C)HO configuration. 
For quasi-Earth Fixed Cell, the UE may start to monitor SIBx at the duration [t-Service - Durations, t-Service]. Another solution is UE starts to monitor SIBx upon reception the indication that informing UE to acquire SIBx.
Step 3: The network send (C)HO command without common (C)HO configuration to the UE supporting common (C)HO configuration. 
The order of the step 2 and step 3 may change and this is up to network implementation.
Step 4: the UE starts HO using the target cell common configuration in SIBx.
If the UE does not receive common configuration in SIBx, the UE could indicate to the network or just listen to the SIB1 of the target cell to acquire servingCellConfigCommon of the target cell.
 [image: ]
Figure 1: Illustration on how (C)HO configuration works
Based on the procedure shown in Figure 1, it is proposed that:
Proposal 4： The procedure in Figure 1 can be adopted as the baseline for common (C)HO configuration:
· Step 1: The UE acquires the scheduling information for common (C)HO configuration from SIB1 upon the specified time e.g. upon t-service- duration, or upon reception of indication from NW. 
· Step 2: The UE starts to monitor SIBx according to the scheduling information in SIB1 if the UE supports common (C)HO configuration.
· Step 3: The network send (C)HO command without common (C)HO configuration.
· Step 4: the UE starts HO using the target cell common configuration in SIBx.
Notes: The order of step 2 and step 3 is up to NW implementation.
2.2 RACH-less
In RAN2#121bis-e meeting, various agreements were achieved for RACH-less. Based on the agreement, there are some FFS left to further discussion.
2.2.1	Combining with PCI unchanged scenario
In RAN2#121bis-e meeting, it was agreed that:
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, unless major technical issues are identified by RAN1.
It can be seen that satellite switching without PCI changing (not requiring L3 mobility ) is supported at least for hard satellite switch unless major technical issues are identified by RAN1.
In PCI unchanged scenario, the UE can be switched to the target satellite with the same cell configuration except the satellite specific information. So, the UE can keep the UE specific configuration unchanged, i.e. the UE does not need to perform reconfiguration, except TA acquisition as well as DL synchronization in PCI unchanged scenario. Thus, it can be seen that PCI unchanged scenario is one specific case of inter-satellite handover with same gateway/gNB.
Observation 1: PCI unchanged scenario is one specific case of inter-satellite handover with same gateway/gNB.
And it has been agreed in RAN2#121bis-e meeting that:
1. NTN RACH-less HO is supported for Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB;
2. NTN RACH-less HO can be supported for intra-satellite handover with different feeder links, i.e., with gateway/gNB switch, inter-satellite handover with gateway/gNB switch, and inter-satellite handover with same gateway/gNB.
Based on the agreements above, it can be seen that RACH-less can be supported for inter-satellite HO with same gateway/gNB. Hence, taking Observation 1 into account, RACH-less can also be combined with PCI unchanged scenario. In this case, the network could indicate implicitly or explicitly NTA of the target cell to the UE like RACH-less handover, e.g. using other signalling instead of handover command. If RACH-less is combined with PCI unchanged scenario, the UE does not need to perform RACH procedure to acquire TA but just DL synchronization procedure. This simplifies the whole RACH-less procedure in inter-satellite HO with the same gateway/gNB and is beneficial to the latency reduction for PCI unchanged scenario.
It is proposed that:
Proposal 5: RACH-less can be combined with PCI unchanged scenario considering NTN RACH-less HO can be supported for inter-satellite handover with same gateway/gNB.
2.2.2	NTA handling in RACH-less HO command
For Intra-satellite handover with the same gateway/gNB, the same TA of the source cell can be indicated in the HO command. For intra-satellite handover with gateway/gNB switch, inter-satellite handover with gateway/gNB switch, and inter-satellite handover with same gateway/gNB, the target cell should estimate whether requirements in 38.133[2] can be satisfied considering the satellite speed as well as the UE position. And it seems further study is needed for how to indicate NTA in HO command. Some companies think it is simple to follow PUSCH in MSGA in 2-step RA, i.e. NTA is assumed to 0. In our understanding, this is simple. So we propose that two kinds of NTN values can be included in HO command, i.e. NTA = 0 and NTA = NTA of the source cell. And whether it is feasible to apply NTA = 0 in the target cell is up to the network implementation.
Proposal 6: The HO command for RACH-less could indicate the UE to apply one of the following NTA:
-	NTA = 0 
-	NTA = NTA of the source cell
2.2.3	Pre-allocated UL grant handling
It has been agreed that pre-allocated UL grant can be applied in RACH-less HO. But different from LTE, some other features, for example, configuredGrantTimer and autonomous (re)transmission are supported in NR. In the following, we discuss the features one by one.
configuredGrantTimer
This timer is used to control whether new transmission can be performed for the HARQ process. If configuredGrantTimer is running, new transmission of the same HARQ process ID using configured grant is not allowed. It is essential in CG in NR. Hence, it is proposed that:
Proposal 7: For pre-allocated UL grant in RACH-less HO, support configuredGrantTimer in RACH-less HO command. 
Autonomous retransmission
In CG-SDT, it may happen that the network does not receive the initial transmission of CG-SDT and no feedback is sent to the UE. So, one timer cg-SDT-RetransmissionTimer was defined. When cg-SDT-RetransmissionTimer, expires, but configuredGrantTimer does not expire for the initial transmission for CG-SDT, the UE will perform autonomous retransmission for the initial transmission for CG-SDT.
Unlike LTE, the UE can perform retransmission based on PHICH. In order to improve the transmission robust, autonomous retransmission is needed. So it is suggested define one retransmission Timer in pre-allocated uplink grant for RACH-less HO.
Proposal 8: For pre-allocated UL grant in RACH-less HO, define one retransmission timer. When the retransmission timer in RACH-less expires, the UE performs autonomous retransmission.
2.2.4	HARQ mode
In Rel-17 NTN, HARQ mode B was defined. In HARQ mode B, the UE does not expect retransmisison scheduling for one uplink HARQ process. 
For UL grant scheduled in PDCCH, retransmission can only be performed based on network scheduling. Hence, HARQ mode B is not suitable for UL grant scheduled in PDCCH.
Proposal 9: In RACH-less HO, it is up to the network implementation to ensure that HARQ mode A is applied for UL grant scheduled in PDCCH.
For pre-allocated UL grant, only one shot, i.e. RRCReconfigurationComplete transmission, is needed. Per Proposal 8, the UE can perform retransmission based on the new defined retransmission timer even there is no network scheduled retransmission. And the UE assumes successful RACH-less HO when the UE receives UE Contention Resolution Identity MAC CE. So, it is feasible that both HARQ mode A and HARQ mode B are applicable for pre-allocated UL grant.
So, it is proposed that:
Observation 2: It is feasible that both HARQ mode A and HARQ mode B can be supported for pre-allocated UL grant.
Proposal 10: In RACH-less HO, HARQ mode A can be supported for pre-allocated UL grant. FFS HARQ mode B can be supported for pre-allocated UL grant in RACH-less HO.
2.2.5	RACH-less HO completion for dynamic grant
It has been agreed that 
1. At least for pre-allocated grant, for the confirmation of RACH-less HO completion we reuse of LTE approach, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field. FFS if anything else is needed for dynamic grant
But it is still FFS for the UE behavior for dynamic grant. In the email discussion[3], 3 options were provided:
	Proposal 4: for the confirmation of RACH-less HO completion
Option 1 (22/25): reuse of LTE approach, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field.
Option 2 (5/25): the reception of target cell PDCCH addressed to the UE’s C-RNTI.
Option 2a (3/25): the reception of target cell PDCCH addressed to the UE’s C-RNTI indicating one new transmission for UL or DL.


Herein, Option 1 has been agreed. But there are some supports for option 2 and option 2a. For option 2, as we explained in the email discussion, it may not work due to some issues may happen for UL grant scheduled by PDCCH. Hence, we suggest revise it as option 2a. But for simplicity, we think it is not necessary to bring two different solutions for dynamic grant and pre-allocated UL, i.e., one unified solution is sufficient. Hence, it is proposed that:
Proposal 11: For dynamic grant in RACH-less HO, for the confirmation of RACH-less HO completion we reuse of LTE approach, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field.
2.2.6	Whether to release UL grant if pre-allocated after RACH-less HO completion
The pre-allocated UL grant which is configured in (C)HO command is used to transfer HO complete message to the target cell. If the RACH-less HO has completed, the pre-allocated UL grant can be released since it may be not suitable for other traffic. 
And in LTE RACH-less [4], when the UE receives a PDCCH addressed to C-RNTI in RACH-less, the UE will release rach-Skip which includes the configuration of pre-allocated UL grant. In NR NTN, the similar mechanism can be reused.
	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;
2>	if daps-HO is configured for any DRB:
3>	stop timer T310 for the source PCell, if running;
3>	for each DAPS bearer trigger UL data switching, as specified in TS 36.323 [8];
2>	release rach-Skip;
/Omitted/


So the pre-allocated UL grant can be released when RACH-less HO has completed.
Proposal 12: The pre-allocated UL grant can be released when RACH-less HO has completed.
Conclusion
In this document, we analyse issues for HO enhancement in NTN, and we find the observations and proposls as following:
Common (C)HO configuration delivery:
Proposal 1: The servingCellConfigCommon of the neighbour cells can be broadcasted by the serving cell for the intention of (C)HO.
Proposal 2: Define one new SIB, i.e. SIBx, to transfer the common configuration for neighbour cells.
Proposal 3: The network broadcasts the common configuration of the adjacent target cell(s) based on the trajectory of the satellite, the number is FFS.
Proposal 4： The procedure in Figure 1 can be adopted as the baseline for common (C)HO configuration:
· Step 1: The UE acquires the scheduling information for common (C)HO configuration from SIB1 upon the specified time e.g. upon t-service- duration, or upon reception of indication from NW. 
· Step 2: The UE starts to monitor SIBx according to the scheduling information in SIB1 if the UE supports common (C)HO configuration.
· Step 3: The network send (C)HO command without common (C)HO configuration.
· Step 4: the UE starts HO using the target cell common configuration in SIBx.
Notes: The order of step 2 and step 3 is up to NW implementation.
RACH-less:
Observation 1: PCI unchanged scenario is one specific case of inter-satellite handover with same gateway/gNB.
Proposal 5: RACH-less can be combined with PCI unchanged scenario considering NTN RACH-less HO can be supported for inter-satellite handover with same gateway/gNB.
Proposal 6: The HO command for RACH-less could indicate the UE to apply one of the following NTA:
-	NTA = 0 
-	NTA = NTA of the source cell
Proposal 7: For pre-allocated UL grant in RACH-less HO, support configuredGrantTimer in RACH-less HO command. 
Proposal 8: For pre-allocated UL grant in RACH-less HO, define one retransmission timer. When the retransmission timer in RACH-less expires, the UE performs autonomous retransmission.
Proposal 9: In RACH-less HO, it is up to the network implementation to ensure that HARQ mode A is applied for UL grant scheduled in PDCCH.
[bookmark: _GoBack]Observation 2: It is feasible that both HARQ mode A and HARQ mode B can be supported for pre-allocated UL grant.
Proposal 10: In RACH-less HO, HARQ mode A can be supported for pre-allocated UL grant. FFS HARQ mode B can be supported for pre-allocated UL grant in RACH-less HO.
Proposal 11: For dynamic grant in RACH-less HO, for the confirmation of RACH-less HO completion we reuse of LTE approach, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field.
Proposal 12: The pre-allocated UL grant can be released when RACH-less HO has completed.
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