
3GPP TSG-RAN WG2 Meeting #105bis
R2-1903908
Xi’an, China, 8th–12th April 2019

Agenda Item:

11.9.3
Source:



ETRI

Title:




Signalling Overhead Reduction for Conditional Handover
Document for:

Discussion and Decision
1. Introduction 
In RAN2#104 meeting, there is a little concern about UL signalling overhead of conditional handover (CHO). Some contributions observed that the signalling overhead in the CHO is much higher than that in the normal handover (HO). However, it is half correct and half not. 

In [105#58][NR/MOB] Comparison of LTE and NR Conditional handover email discussion [1], RAN2 discussed whether NR CHO is different than LTE. The email discussion derived some proposals and identified NR specific issues and common issues for NR and LTE. One of the identified common issues for NR and LTE is “signalling overhead reduction for CHO”.

In this contribution, we discuss on signalling overhead and signalling overhead reduction in the CHO.

2. Discussion
2.1. Signalling Overhead in the CHO
In RAN2#104 meeting, some companies provided the simulation results on the CHO and observed that the signalling overhead in the CHO is much higher than that in the normal HO. Table 1 shows the simulation results and the increased percentage of UL/DL signalling overhead in the CHO comparing with the normal HO in those contributions. Based on the simulation results, we can observe that the signalling overhead in the CHO is much higher than that in the normal HO. From our simulation results [4], we can also make the same observation and it can be considered as the cost for adding reliability. However, it is half correct and half not.
Table 1. The percentage increase in UL/DL signalling overhead 

	UE speed
[Reference]
	HO event in the normal HO
	HO events in the CHO
	UL (MR) increase   
	DL (HC) increase

	60 km/h [2]
	2 dB / 40 ms
	1 dB / 40 ms (lower)
2 dB / 40 ms (higher)
	86%
	86%

	120 km/h [3]
	2 dB / 40 ms
	-3 dB / 40 ms (lower)
2 dB / 40 ms (higher)
	62%
	65%

	120 km/h [4]
	3 dB / 160 ms
	1 dB / 160 ms (lower)
3 dB / 160 ms (higher)
	36%
	36% (X2)


In the CHO, an HO event can be split into an HO preparation (HOP) event (i.e, lower threshold) and an HO execution (HOE) event (i.e., higher threshold). As we presented in RAN2#104, if the HO parameters for these two events are properly set, the trade-off between the HO failure (HOF) and the ping-pong (PP) can be solved [4]. Table 2 shows some trade-off between various HO performance metrics in CHO. 
Table 2. Some trade-offs between HO performance metrics

	HO failure (HOF) & 
signalling overhead
	average spectral efficiency (ASE) & 
PP

	If HOP ↓, then HOF ↓ & signalling ↑
	If HOE ↑, then ASE ↓ & PP ↓

	If HOP ↑, then HOF ↑ & signalling ↓
	If HOE ↓, then ASE ↑ & PP ↑


One remarkable combination is a set of HOP and HOE events in the first row. A lower HOP event can decrease the HOF, but cause a higher signalling overhead, strictly speaking, increase the signalling overhead per HO. A higher HOE event can decrease the ASE, but also decrease the PP. The decrease of PP means the decrease of HO occurrences and it can signify a lower signalling overhed. 
The simulation results in Table 3 demonstrate this. The L1 to L3 period of 40 ms, L3 filter k of 1, T312 of 100 ms, and deconfiguration event of A3 – 9 dB / 0 ms are used. Multiple candidate cells can be configured in one RRC Connection Reconfiguration message. Details of the simulation parameters can be found in the Annex A.
Observation 1: To achieve the same reliability, the signalling overhead in the normal HO is much higher than that in the CHO.
Table 3. Simulation Results

	
	Normal HO
(A3 0 dB / 0 ms)
	CHO
(HOP A3 0 dB / 0 ms
 HOE A3 4 dB / 0 ms)
	CHO extension
(HOP A3 2 dB / 0 ms
 RP-HOP A3 0 dB / 0 ms
 HOE A3 4 dB / 0 ms)

	HOF rate (%)
	0.19
	0.30
	0.30

	sToS rate (%)
	84.34
	39.37
	37.94

	HO attempts / sec
	1.3561
	0.3396 (–75%)
	0.3361 (–75%)

	HOP events / sec
	2.0210
	0.9081 (–55%)
	0.8686 (–57%)

	MR / sec
	1.3708
	0.6553 (–52%)
	0.6109 (–55%)

	HO command / sec
	1.3561
	0.9079 (–33%)
	0.8680 (–36%)

	Reconfig. message / sec
	1.3561
	0.6552 (–52%)
	0.6106 (–55%)


2.2. Signalling Overhead Reduction in the CHO

If an HO command is missed in the HO process, the UE goes very deep into a neighbor cell and suffers from severe interferences until an RLF is declared. To avoid this problem, earlier HO trigger can expedite the HO signalling and an HO can succeed before an RLF occurs. However, as we discussed in RAN2#104 meeting, an event to trigger a measurement report early in the CHO can add more reliability, but increase the signalling overhead [5]. The major cost of the CHO is the extra HO preparations, which mean that a prepared cell is not used for either an HO or an RLF recovery. A CHO mechanism is preferable, which manages the HOF rate as low as possible while the number of extra HO preparations being kept low.
If we set an offset of the HO preparation event (i.e., an HO event to trigger a measurement report) lower enough to ensure successful transmission of an HO command than in a normal state only when the the radio link to the source gNB is deteriorating, we can avoid more HOFs while reducing the signalling overhead. While the radio link to the source gNB is deteriorating, RLF-proactive extension to the CHO can use an offset of the HO events (i.e., an HO preparation event to trigger a measurement report and an HO execution event to trigger an HO execution) lower than in a normal state. It can expedite the HO signalling when the UE is in a poor radio link condition; thus, an HO can succeed before an RLF occurs. 

The simulation results in Table 3 demonstrate this. In CHO extension, RP-HOP is the RLF-proactive HO preparation event used when the the radio link to the source gNB is deteriorating, and we used the event when serving RSRQ is below – 6 dB. The lower the serving RSRQ threshold for RP-HOP (e.g., – 9 dB), the lower the signalling overhead, but it can increase the HOF rate slightly. 
However, there is a risk that the link between the UE and the source cell fails while the UE is waiting for the condition to execute an HO is met, as observed in [6]. Therefore, when the timer T310 expires or as early as when the timer T310 starts, RLF-proactive extension to the CHO can use an offset of the HO execution event even lower than in a deteriorating state. If a neighbor cell is found to be better than the serving cell and an HO command for that cell is available, the UE can execute an HO successfully to that cell instead of attempting an RLF recovery. This may prevent a few residual HOFs incurred by potential harsh interferences from multiple neighbor cells. This does not be applied in the simulation results in Table 3, therefore the HOF rate in CHO cases is little higher than the normal HO.
Observation 2: an event to trigger an MR early in the CHO can add more reliability, but increase the signalling overhead.
Observation 3: In RLF-proactive extension to the CHO, an event to trigger an MR early only when the the radio link to the source gNB is deteriorating, can avoid more HOFs while reducing the signalling overhead.
Proposal 1: RAN2 is requested to consider RLF-proactive extension to the CHO to improve the mobility robustness while reducing the signalling overhead.
3. Conclusion
Observation 1: To achieve the same reliability, the signalling overhead in the normal HO is much higher than that in the CHO.
Observation 2: an event to trigger an MR early in the CHO can add more reliability, but increase the signalling overhead.
Observation 3: In RLF-proactive extension to the CHO, an event to trigger an MR early only when the the radio link to the source gNB is deteriorating, can avoid more HOFs while reducing the signalling overhead.
Based on the discussion in Section 2, we propose the following:

Proposal 1: RAN2 is requested to consider RLF-proactive extension to the CHO to improve the mobility robustness while reducing the signalling overhead.
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Annex A. Simulation Parameters
	ISD
	500 m

	Distance-dependent path loss 
	TR 36.814 Macro-cell model 1

	Number of sites/sectors
	19/57

	BS Antenna Height
	25 m

	BS Antenna gain including Cable loss 
	15 dB

	MS Antenna gain 
	0 dBi

	Shadowing standard deviation 
	8 dB 

	Correlation distance of Shadowing
	25 m

	Shadow correlation
	0.5 between cells / 1 between sectors

	Carrier Frequency / Bandwidth 
	2.0 Ghz / 20 Mhz 

	BS Total TX power 
	46 dBm 

	Qin / Qout
	– 6 dB / – 8 dB

	T310
	1 sec

	T312
	100 msec
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