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1 Introduction
A RAN3-led Study Item on Rel-16 enhancements for NR-NTN was approved at RAN Plenary #80 [1]. The study item phase has identified mobility aspects for idle UE and connected UEs for the considered NR-NTN deployment scenarios that will require solutions [2, 3]. In LEO scenario e.g. at LEO=600 km, beam spot diameter 70 km, beam switching is needed every 10 seconds – i.e. the satellite speed V =7.5622 km/s, UE is within coverage of the beam for about 10 s (=D/V=70 km /7.56 km/s). Frequent beam switching rate may result in significant HO signaling. It will require many HO measurement report triggers and HO commands.  A new approach is needed for NR-NTN. One way would be to make the HO more predictable and softer with UE also involved in HO decision. An email discussion [4] is carried out after In RAN2#104 to identify the major issues related to mobility in NTN [3]. Subsequently, in RAN2#105 it is decided to capture the major observations [5] of the email discussion. It was decided that RAN2 will continue to identify the NTN specific mobility aspects, like large propagation delay and cell movement and potential enhancement related to these [5]. 
In this contribution, we discuss aspects of Conditional HO with L2 packet duplication in NR NTN to minimize measurements and signalling for connected UE HO. We further consider UE autonomous HO as a natural extension of conditional HO.
2 Discussion
2.1 Background
R15 L2 Packet Duplication for NR URLLC Use Case was specified. RRC configures PDCP for duplication and the radio protocols of the UE with separate RLC entities and logical channels to handle duplicates (referred to as “legs”). Only one additional leg is configured for PDCP duplicates. The original PDCP PDU and the corresponding duplicate are not be transmitted on the same transport block. PDCP duplication solution for CA requires only one MAC entity. Duplication on a single carrier is not supported. RRC configured mapping of the 2 duplicate LCHs to different carriers is supported (One carrier cannot have both of the duplicate LCHs mapped to it). Duplicated PDCP PDUs are submitted to two different RLC entities. MAC CE approach is used for control of UL duplication. UL PDCP duplication is configurable per DRB and, for NR-NR DC case, per SRB. MAC CE is used for activation and deactivation of PDCP duplication for each RB configured with duplication.
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Figure 1: R15 L2 packet duplication
Feeder link switch over for LEO transparent satellite with two feeder links serving the satellite during the switch to enable service continuity for feeder link (satellite to GW) (TR 38.821 Solutions for NR to support NTN)
· At time T1, the satellite is approaching the geographical location where the transition to be served by next GW will happen. At time T1.5, the satellite is served by two GWs and at time T2 the transition to next GW is finished
· During the switch, the gNB2 in GW2 transmits CD-SSBs of its cells on synchronization raster points that are different from those of the gNB1. UEs could be have a HO from PCI belonging to gNB1 to PCI belonging to gNB2. This could be blind a HO (network decision without measurement) or assisted with measurements.
Conditional HO with L2 packet duplication in NR NTN described further in this contribution applies to NTN Access link (UE-satellite) with a single GW, where the switching is between beams within one satellite cell. We further consider UE autonomous HO as a natural extension of conditional HO.

2.2 Conditional L2 Packet Duplication
Our solution aims to make the HO more predictable and softer, with UE also involved in HO decision. Assuming knowledge of UE location and satellite ephemeris, gNB and UE can work out when beam#1 is moving past the UE and which beam#2 is moving along next. 
· NTN gNB indicates when to transmit packet in more than one beam via L2 packet duplication via MAC CE or optionally the conditional L2 packet duplication based on some rules without indication by gNB. 
· If conditional L2 packet duplication is activated / de-activated based on rules, the UE has same understanding of the rules. 
The timing when L2 packet duplication is switched on is deterministic (based on UE location and satellite ephemeris). The timing allows some margin to avoid packet interruption to improve link reliability and QoS.
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Proposal 1: Network can activate / de-activate conditionally L2 packet duplication by setting a NTN HO timer with a value TNTN_HO at a time Tstart-L2-duplication determined by rules based on UE location and satellite ephemeris.
The UE assumes L2 packet duplication is activated for the duration of the NTN HO timer. The value TNTN_HO should not be very long to avoid impact on NTN capacity (e.g. ~x100s ms. This is reasonable L2 packet duplication overhead  assuming UE is within a beam spot coverage for ~10 seconds (e.g. L2 packet duplication overhead ~< 10% if TNTN_HO < 1 second) 
Proposal 2: The value of the timer TNTN_HO is linked to the satellite orbit speed and beam spot diameter

UE autonomous HO
The UE decides autonomously when it should HO to the target beam based on beam measurements after L2 packet duplication is activated 
· No measurement report from UE needed for autonomous HO
· The UE could e.g. decide to handover based on a configured comparison, e.g. Neighbor cell X, offset stronger than serving cell. 
· The autonomous decision to HO to the target beam by the UE is made within a time period set by the NTN HO timer.
Proposal 3: The UE decides autonomously when it should HO to the target beam based on beam measurements after L2 packet duplication is activated.

There are two ways the gNB may be aware of the UE autonomous decision to HO to target beam: 
1. The UE autonomous HO can be known implicitly by the gNB when
· Receiving an acknowledgement of a DL packet at MAC layer (HARQ UL Ack/Nack) or RLC layer (RLC ACK)
· Receiving an UL packet on the target beam
This way suits UE that does not need a Timing Advance command to transmit to any of the beams used for L2 packet duplication

2. The UE autonomous HO can be known explicitly by the gNB based on UE configuration via
· Contention-based Random access
· Contention free Random Access
This way suits a UE that has not received or transmitted packets for a given time duration and needs to update its UL transmission timing at least in target beam.
Proposal 4: 1.The UE autonomous HO can be known implicitly via when transmitting UL data packet or transmitting UL HARQ Ack, or explicitly via CFRA or CBRA in the new target beam.   

3 Conclusion
In this contribution, we discuss aspects of Conditional HO with L2 packet duplication in NR NTN to minimize measurements and signalling for connected UE HO. We further consider UE autonomous HO as a natural extension of conditional HO. We make the following proposals
Proposal 1: Network can activate / de-activate conditionally L2 packet duplication by setting a NTN HO timer with a value TNTN_HO at a time Tstart-L2-duplication determined by rules based on UE location and satellite ephemeris.
Proposal 2: The value of the timer TNTN_HO is linked to the satellite orbit speed and beam spot diameter
Proposal 3: The UE decides autonomously when it should HO to the target beam based on beam measurements after L2 packet duplication is activated
Proposal 4: 1.The UE autonomous HO can be known implicitly via when transmitting UL data packet or transmitting UL HARQ Ack, or explicitly via CFRA or CBRA in the new target beam.   

5 References
[1] RP-181370, Thales,  Study on solutions evaluation for NR to support Non Terrestrial Network, SID, RAN#80, June 2018
[2] TR38.811 “Study on NR to support non-terrestrial networks”
[3] TR 38.821 “Solutions for NR to support non-terrestrial networks”
[4] R2-1900547, “Report of email discussion [104#54] [NR - NTN] Mobility”, (Ericsson)

[5] R2-1902235, “Report from session on Legacy LTE, Rel-15 LTE, and NR NTN SI, NR power saving SI, NR DC/CA enh”, Source: Session Chair (InterDigital)






image1.png
UE SaNB MgNB

Duplicate packets and send I
on multiple links

——

Remove duplicate
packets

r
'

I

I

I

I

I UL Tx (data r signaling)
]  —

I

I

I

I

I

I

|

Duplicate packets and send
on multiple links

Remove duplicate
packets

r
'
I
I
I
H DL Tx (data dr signalling)
I
I
I
I
I
I
I

e





image2.png
Beam switching




