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Introduction

In the last meeting there was a discussion on whether the R18 NTN enhancements (especially satellite switching with re-sync, i.e. PCI unchanged) can be applied to NTN regenerative payload, and it was agreed to continue the discussion in the RAN plenary meeting:

	Companies interested to support satellite switch with resync with regenerative payload are invited to bring this discussion to the RAN plenary


In this paper, we provide our views on this issue.

 Discussion

Satellite Switching with re-sync in Rel-18

As we illustrated in [1], a critical issues have become an obstacle for non-Geo satellite communication network to be widely deployed, which is the frequent and unavoidable handover for UEs (seconds, tens of seconds or hundreds seconds of HO frequency), even they are in stationary mode due to the high speed movement (e.g. 7.56 km/s) of satellite. Moreover, this will result in significant signaling overhead, power consumption, as well as degrading the service performances caused by service interruption due to HO signaling latency.

Observation 1: the critical issues which will impact on the widespread application of non-Geo NTN service is the frequent and unavoidable handover for UEs (seconds, tens of seconds or hundreds of HO frequency), even they are in stationary mode due to the high speed movement (e.g. 7.56 km/s) of satellite. 

On the other hand, in NR, the handover latency occurs mainly on handover execution phase, a simple assessment of sources of latency during handover execution is presented in the following Table 1:

Table 1: Minimum/Typical radio access latency components during handover in NR System

	Component/ Step
	Description
	Time (# of non-slot of M OFDM symbols)

	6
	RRC Connection Reconfiguration (Handover Command)
	N ms

	7
	SN Status Transfer
	0

	8.1
	Target cell search
	0

	8.2
	Average UE processing time for RF/baseband re-tuning, security update
	20ms

	8.3
	Average delay to acquire first available PRACH in target gNB
	0.5

	8.4
	PRACH preamble transmission
	1

	8.5
	UL Allocation + TA for UE
	3

	8.6
	UE sends RRC Connection Reconfiguration Complete
	1

	
	Minimum/Typical Total delay [ms] 
	(20+N)ms +5.5(non-)slots


Handover latency is highly dependent on the processing delay of both gNB and UE sides, where the processing time is dependent on various factors, and is highly related to implementation. Regarding the scaling of UE processing time, L1 processing time is a multiple of OFDM symbols. Considering that there are also L2 and higher layer processing, it is appropriate to assume the UE processing time is a multiple of non-slots of M OFDM symbols. Regarding BS processing time, it also depends on the implementation as well. We assume the L2/RRC processing delay N = 3ms. For example in NR FDD, below 6GHz, we assume the same processing delay for L2 and RRC for both BS and UE, e.g., with N ms which is not tightly connected with the (non-)slot length and sub-carrier spacing (SCS). Considering that for RACH below 6GHz, only 15 kHz and 30kHz SCS are supported, the SCS of 15kHz and 30kHz is considered. Regarding high frequency range (above 24 GHz), beam management needs to be taken into consideration as well. Based on the analysis from Table 2, the handover latency results of various N and M are illustrated in Table 2.

Table 2. Latency results for NR FDD 
	Slot / non-slot

 duration
	SCS

	
	15kHz 
	30kHz 

	M=2 (2OS non-slot)
	23.8 
	23.4

	M =4 (4OS non-slot)
	24.6
	23.8 

	M =14 (14OS slot)
	28.5 
	25.8 
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Figure 1: group HO of the UEs in a NTN cell[3]
Furthermore, as specified in TS 38.300, the UP interruption is triggered by RRC handover command for PDCP entity re-establishment, RLC entity re-establishment and MAC entity reset, as follows: 
	The handover mechanism triggered by RRC requires the UE at least to reset the MAC entity and re-establish RLC, except for DAPS handover, where upon reception of the handover command, the UE:

-
Creates a MAC entity for target;

-
Establishes the RLC entity and an associated DTCH logical channel for target for each DRB configured with DAPS;

-
For each DRB configured with DAPS, reconfigures the PDCP entity with separate security and ROHC functions for source and target and associates them with the RLC entities configured by source and target respectively;

-
Retains the rest of the source configurations until release of the source.

The cell switch mechanism triggered by MAC, (i.e., LTM cell switch) requires the UE at least to reset the MAC entity. RLC handling depends on the network configuration.

RRC managed handovers with and without PDCP entity re-establishment are both supported. For DRBs using RLC AM mode, PDCP can either be re-established together with a security key change or initiate a data recovery procedure without a key change. For DRBs using RLC UM mode, PDCP can either be re-established together with a security key change or remain as it is without a key change. For SRBs, PDCP can either remain as it is, discard its stored PDCP PDUs/SDUs without a key change or be re-established together with a security key change.


Therefore, we can derive that the minimum delay during handover execution, with corresponding UP interruption of service in terrestrial scenario is about 23.4ms, which will be extended in NTN scenarios. This will significantly impact the user experience. Although DAPS had been specified in Rel-16, the function is still not so widespread supported by UEs, considering the complexity.
Observation 2: The service will be interrupted in more than 23.4 ms, per seconds, tens of seconds or hundreds seconds for all connected UEs in a NTN cell .
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Figure 2: quasi-earth fixed cell without PCI changing

Therefore, Rel-18 introduced the satellite switching with resync. feature, initially named as “unchanged PCI” mobility, enables a UE to switch from one satellite to another one without using L3 handover (i.e., no dedicated RRC signalling is involved) for quasi-earth fixed cell scenarios in case of transparent payload to reduce the L3 handover signalling and corresponding L2 UP interruption. Since the gNB does not change, the L3/L2 configuration can be maintained, i.e. SSB, System information and UE’s RRC configuration for PDCP, RLC, MAC and Physical layer, after the satellite switching. Furthermore, there is no CN involved in the procedure. Considering the larger geometrical coverage of a satellite cell compared to terrestrial cell, the UL/DL synchronization to a new arriving satellite cell is required to avoid service interruption or radio link failure during the satellite switching. Hence, with PCI unchanged, UEs only need to perform UL/DL synchronization to target satellite instead of L3 RRC handover procedure. 
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Figure 3: L3 handover[4]              Figure 4： PCI unchanged handover 
Observation 3: PCI unchanged solution is beneficial for signaling overhead reduction in NTN system due to without L3 mobility.
 Support of Satellite Switching with re-sync in Rel-19

The PCI can be unchanged in Rel-18 because two transparent satellites can forward the same cell from the same gNB on the ground. In RAN2 126 meeting, RAN2 makes some discussion about keeping the same PCI after switching of the satellites in a regenerative architecture without convergence and agreed to continue the discussion in the RAN plenary meeting to clarify the following issues at least, since RAN3 and SA3’s input are required for the study:


•
Issue of Key unchanged during gNB changed issue

•
UE context fetch from source satellite

Currently, key update is combined with the gNB/the CU change. Different from the transparent payload case, in a regenerative architecture, the gNB is on board of satellites, which means the satellite switching is always combined with inter-gNB mobility. Hence, to support PCI unchanged for regenerative payload, the security key could keep the same between source satellite gNB and target satellite gNB based on ISL (Inter-Satellite Link) coordination. If there are concerns on the security by the operator, the security information can be updated triggered by a timer configured by NW.


[image: image5.emf]UE

gNB1

GW1

Sat1

service link

feeder link

Sat2

GW2

feeder link

service link

Satellite（SAT1

、

SAT2） Moving Direction

SAT1: PCI 1 SAT2: PCI 1

PDCP 

RLC

MAC

PHY

PDCP 

RLC

MAC

PHY

gNB2


Figure 5: Satellite switching without PCI changing in Regenerative payload
Proposal 1: To support PCI unchanged for regenerative payload with gNB on board, keeping same security key between source satellite gNB and target satellite gNB based on ISL coordination is demanded, which requires check with SA3.

Proposal 2: The security information can be updated triggered by a timer configured by NW.
Moreover, the UE context is required to be transmitted from source satellite gNB to target satellite during the satellite switching, either via inter-satellite link or through the NTN GW. One may argue that this will introduce more signalling overhead between two satellites. However, even for existing mobility mechanisms, i.e. CHO and HO procedures, this UE context communication between two satellites is still requires during the handover preparation phase and takes place over the Xn interface. There is not an additional overhead compared to the existing handover procedures. 

Observation 4: UE context communication between two satellites for PCI unchanged is still requires during the handover preparation phase and takes place over the Xn interface. There is not an additional overhead compared to the existing handover procedures.
Furthermore, considering the overhead of UE context transmission, the following 2 options could be discussed:

Option 1: transmission whole UE context (PDCP/RLC/MAC/PHY related configuration information)
Option 2: only transmission static part of UE context (PDCP/RLC/MAC/PHY related configuration information) and flush&reestablish dynamic part of UE context (e.g., HARQ buffer status in MAC, timer value, counter value in MAC, PHY related information)
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Figure 6 Protocol stack for option 1           Figure 7 Protocol stack for option 2
Compared to option 1, option 2 has lower transmission overhead obviously which is preferred to be adopted in this release.
Proposal 3: regarding the specific UE context communication: only transmission static part of UE context (PDCP/RLC/MAC/PHY related configuration information) and flush&reestablish dynamic part of UE context (e.g., HARQ buffer status in MAC, timer value, counter value in MAC, PHY related information), which will bring impact on RAN3.

Based on above analysis:

Proposal 4: Support of Satellite Switching with re-sync in a regenerative architecture can be studied in Rel-19.
Conclusion

Observation 1: the critical issues which will impact on the widespread application of non-Geo NTN service is the frequent and unavoidable handover for UEs (seconds, tens of seconds or hundreds of HO frequency), even they are in stationary mode due to the high speed movement (e.g. 7.56 km/s) of satellite. 

Observation 2: The service will be interrupted in more than 23.4 ms, per seconds, tens of seconds or hundreds seconds for all connected UEs in a NTN cell .

Observation 3: PCI unchanged solution is beneficial for signaling overhead reduction in NTN system due to without L3 mobility.

Observation 4: UE context communication between two satellites for PCI unchanged is still requires during the handover preparation phase and takes place over the Xn interface. There is not an additional overhead compared to the existing handover procedures.

Proposal 1: To support PCI unchanged for regenerative payload with gNB on board, keeping same security key between source satellite gNB and target satellite gNB based on ISL coordination is demanded, which requires check with SA3.

Proposal 2: The security information can be updated triggered by a timer configured by NW.
Proposal 3: regarding the specific UE context communication: only transmission static part of UE context (PDCP/RLC/MAC/PHY related configuration information) and flush&reestablish dynamic part of UE context (e.g., HARQ buffer status in MAC, timer value, counter value in MAC, PHY related information), which will bring impact on RAN3.

Proposal 4: Support of Satellite Switching with re-sync in a regenerative architecture can be studied in Rel-19.
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