3GPP TSG RAN WG2 #112-e
R2-2010262
Electronic, 02 – 13 Nov 2020                                                           
Source: 
Huawei, HiSilicon
Title: 
Discussion on enhancements for connected mode in NTN
Agenda Item:
8.10.3.3
Document for:
Discussion and decision

1 Introduction
In RAN#86 meeting, a new WID was approved to enable NR to support non-terrestrial networks (NTN) [1].
The following control plane procedures enhancements could be specified.
· Connected mode

· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.

· Enhancement to existing measurement configurations to address absolute propagation delay difference between satellites (e.g. SMTC measurement gap adaptation to the SSB/CSI-RS measurement window) [RAN2/4].

In this contribution, we would like to discuss some enhancements for RRC CONNECTED mode in NTN.
2 Discussion
In this part, we would like to discuss some issues when UE is in RRC CONNECTED mode. Based on the WI scope, scenario A, C1 and C2 will be considered.
Table 4.2-1: Reference scenarios

	
	Transparent satellite
	Regenerative satellite

	GEO based non-terrestrial access network
	Scenario A
	Scenario B

	LEO based non-terrestrial access network:

steerable beams
	Scenario C1
	Scenario D1

	LEO based non-terrestrial access network:

the beams move with the satellite
	Scenario C2
	Scenario D2


Based on the outcomes of SI, the following table lays out issues identified for measurement and handover.
Table 1. Main issues for RRC CONNECTED
	Main Issue
	Related scenarios

	Large latency associated with mobility signalling
	A, C1,C2

	Measurement Validity
	A, C1,C2

	Handover for a large number of UEs
	C2

	Frequent handover
	C2

	SMTC measurement gap adaptation
	C1


From this table we see the first two issues are common for all scenarios, and the latter ones are for LEO moving cell and fixed cell respectively. We understand in the first meeting there will be a discussion about “confirm the scenarios that shall be addressed”, so in this paper we just focus on the common issues shared by all scenarios.
· Large latency associated with mobility signalling

Because of the extraordinary high altitude of satellite, the RTD between UE and gNB always has a larger value than that of terrestrial network. During handover procedure, i.e. handover preparation and handover execution, additional latency has to be considered in each step. Regarding handover preparation, when a measurement report is triggered and sent to gNB, it takes longer time to receive HO command, which may lead to late handover. And for handover execution, a longer service interruption can be foreseen.
To deal with potential late handover, as mentioned in SI, CHO can be a candidate solution that has been specified in R16. In this way, gNB sends handover command early than usual, and when the handover trigger condition is met UE starts handover execution automatically.
Observation 1: CHO solution can be used for NTN to avoid late handover.
·  Measurement Validity

As described in TS 38.331, the current measurement reporting mechanism for mobility is based on signal quality:

Event A1:
Serving becomes better than absolute threshold;
Event A2:
Serving becomes worse than absolute threshold;

Event A3:
Neighbour becomes amount of offset better than PCell/PSCell;

Event A4:
Neighbour becomes better than absolute threshold;

Event A5:
PCell/PSCell becomes worse than absolute threshold1 AND Neighbour/SCell becomes better than another absolute threshold2;

Event A6:
Neighbour becomes amount of offset better than SCell;

CondEvent A3: Conditional reconfiguration candidate becomes amount of offset better than PCell/PSCell;

CondEvent A5: PCell/PSCell becomes worse than absolute threshold1 AND Conditional reconfiguration candidate becomes better than another absolute threshold2;

As shows in Figure 1, this mechanism works well in TN cell, because the signal reduces sharply if the UE is away from the centre of TN cell. However, since the obit of satellite is extraordinary high, e.g. the altitude of GEO is about 35,786 km, the signal from the satellite is almost vertical to the ground which leads to the little difference of signal strength between the centre and the edge of NTN cell, i.e. no so steep as TN case. So this is a common issue existing in all scenarios.
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Figure 1. Near-far effect in: (a) Terrestrial Network; (b) NTN
Since UE with GNSS capability is assumed in WID [1], the location information of UE could assist the current measurement mechanism. For example, UE only perform measurement when it is on cell edge. Considering the beam foot print is quite larger than terrestrial cell’s coverage. This late measurement operation can also lead to power saving.
Furthermore, location based CHO was also discussed in SI, in which handover can be triggered based on UE location to handle unobvious near-far effect. With combining UE location based measurement and CHO, we get that UE only performs measurement and CHO when it is on cell edge. It can both save UE’s energy and improve handover robustness in NTN.
Proposal 1: To introduce UE location-based measurement and CHO for NTN.

To enable this UE location-based measurement and CHO, cell edge information is necessary for UE to determine if it is on cell edge, e.g. cell centre and cell diameter. This kind of information can be broadcasted to UE periodically. Furthermore, this kind of information can be applied to both serving cells and neighbour cells. So we propose:

Proposal 2: network to broadcast cell coverage information, e.g. cell centre and cell diameter for serving cells and neighbour cells to UE.
3 Conclusion

In this contribution, we discussed the potential enhancements for connected mode UEs and have the following observation and proposals:

Observation 1: CHO solution can be used for NTN to avoid late handover.

Proposal 1: To introduce UE location-based measurement and CHO for NTN.
Proposal 2: network to broadcast cell coverage information, e.g. cell centre and cell diameter for serving cells and neighbour cells to UE.
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