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1 Introduction

The new work item on Signalling reduction to enable light connection for LTE was approved at RAN#71 in [1] and RAN initiated paging in light connection has been discussed in RAN2#94 and RAN3#92. An LS [2] is received from RAN2, in which, the following agreements have been made by RAN2:
The S1 connection of a "lightly connected" UE is kept and active, in order to hide the mobility and state transitions from the CN. From RAN2 perspective, for the "lightly connected" UE, the RAN initiated paging is feasible and beneficial in terms of signalling reduction as well as decreasing the latency. Thus the RAN initiated paging can be introduced from RAN2 perspective.
And RAN3 is request “to take the above RAN2 agreements into account and provide the feedback if any.”
The signaling reduction gain of RAN initiated Paging on UU interface has been discussed by RAN2 in [3] as shown in annex, In this contribution, we further compare the RAN initiated paging and MME initiated paging for lightly connected UE from S1 and X2 signaling impacts.
2 Discussion 
2.1 Work assumption
We analyse the signalling load of MME initiated Paging using both NB-IOT UP solution with Rel-13 paging optimization and eNB initiated paging with RAN controlled paging area as discussed in [4]. 
The probability of paging success P is determined based on the probability of moving out the paging area for the UE during the paging arrival interval. This depends on the UE speed, the size of the paging area and the paging arrival interval which is defined as the duration between the time when the UE enters lightly connected state or IDLE state and the time when the Paging is triggered. 
In MME initiated paging
· MME may firstly attempt to page the UE in a limited paging area, and then page the UE in the TA area if no response is received after the  first attempt, or the initial limited paging area may be increased step by step until it reaches the TA scope.
· The relation among the probability of paging success P, the paging area and the paging arrival interval are summarized in Annex 1. To simplify the evaluation, we only assume that 2 steps paging is used in MME initiated paging optimization, i.e. in step one the paging is sent in the initial paging area, and in step two the paging is sent in the TA area if the paging for the UE failed after step one.  
· The S1 signalling cost (measured in number of Paging messages on the S1) for MME initiated two steps paging is calculated as:
 


Initial Paging area size + (1-P)*TA size

Where the “sizes” are measured in number of eNBs.
In RAN initiated paging
· We assume that the UE is required to report location when moving out of a paging area, the probability of paging success is 100% in the first attempt with the cost of location report every time it moves out of the paging area. 
· The X2 signalling cost (measured in number of Paging messages on the X2) for eNB initiated paging is calculated as:
(Initial Paging area size-1) + Number of messages for Paging Area Update in X2 * Number for times the UE moves across paging areas
· The S1 signalling cost (measured in number of Paging messages on the S1) for eNB initiated paging is calculated as:
Number of messages for Paging Area Update in S1 * Number for times the UE moves across paging areas
Where, the “size” is measured in number of eNBs and the Number of messages for Paging Area Update in X2 and Paging Area Update in S1 are both assumed as 2 as shown in Annex 1
Note that in both MME initiated and RAN initiated paging, the eNB or MME could refine the paging area in implementation by even more steps paging. In addition, the eNB or MME may include some redundancy paging messages in implementation in each step, but this shall be same for both cases. This is out of the scope of the current evaluation. 
In order to compare these two different mechanisms, we use a set of different scenarios:
· UEs move in speed: 3km/h, 20km/h, 60km/h
· Paging arrival interval: 3mins, 6mins, 10mins, 20 mins
· Initial Paging area in 1eNB, 7 eNBs, 19 eNBs, entire TA
2.2 Evaluation results
For UE moves in speed 3km/h, , the total backhaul signalling loads (measured in number of messages on the S1 and X2 in different paging arrival interval scenarios) are shown in the following figure:
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Figure 1 X2+S1 Signalling load in UE speed 3km/h
Observation 1: For UE in low moving speed, in case of small Paging interval, the backhaul signaling load for RAN initiated paging is similar to the MME initiated paging.
Observation 2: For UE in low moving speed, in case of larger Paging interval, the backhaul signalling load for MME initiated paging is higher than eNB initiated paging.
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Observation 3: For UE in middle moving speed, in case of very small Paging interval, the backhaul signaling load for RAN initiated paging is similar to the MME initiated paging.
Observation 4: For UE in middle moving speed, in case of not very small Paging interval, the backhaul signalling load for MME initiated paging is much higher than eNB initiated paging.

Observation 5: For UE in middle moving speed, when the paging interval increased, eNB initiated paging with 1 eNB paging area is not as good as 7eNB or 19eNB paging areas, it is better to configure larger paging area for the UEs in middle or high speed.

Figure 1 X2+S1 Signalling load in UE speed 20km/h
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Figure 1 X2+S1 Signalling load in UE speed 60km/h

Note that for UE in high Speed 60km/h, we assume that the network will not choose to page the UE only in one eNB, only 7 eNBs, 19 eNB and TA are considered in that case.
Observation 6: For UE in high moving speed, the backhaul signalling load for MME initiated paging is much higher than eNB initiated paging.

These evaluation results show that in majority cases, the RAN initiated paging has less backhaul signalling load than the MME initiated Paging. And considering that for Uu, the RAN initiated paging is beneficial in terms of signalling reduction as well as decreasing the latency, it is proposed to introduce RAN initiated paging.
Proposal 1: For the UE lightly connected, introduce the RAN initiated paging.
Proposal 2: for the UEs moves not very slow, allow the anchor eNB to configure Paging area across multiple eNBs.
3 Conclusion and Proposal
In this contribution, we evaluated on RAN initiated paging and MME initiated paging for UE lightly connected, and made following observations:
Observation 1: For UE in low moving speed, in case of small Paging interval, the backhaul signaling load for RAN initiated paging is similar to the MME initiated paging.
Observation 2: For UE in low moving speed, in case of larger Paging interval, the backhaul signalling load for MME initiated paging is higher than eNB initiated paging.

Observation 3: For UE in middle moving speed, in case of very small Paging interval, the backhaul signaling load for RAN initiated paging is similar to the MME initiated paging.
Observation 4: For UE in middle moving speed, in case of not very small Paging interval, the backhaul signalling load for MME initiated paging is much higher than eNB initiated paging.

Observation 5: For UE in middle moving speed, when the paging interval increased, eNB initiated paging with 1 eNB paging area is not as good as 7eNB or 19eNB paging areas, it is better to configure larger paging area for the UEs in middle or high speed.
Observation 6: For UE in high moving speed, the backhaul signalling load for MME initiated paging is always much higher than eNB initiated paging.

These evaluation results show that in majority cases, the RAN initiated paging has less backhaul signalling load than the MME initiated Paging. And considering that for Uu, the RAN initiated paging is beneficial in terms of signalling reduction as well as decreasing the latency, it is proposed to introduce RAN initiated paging.
Proposal 1: For the UE lightly connected, introduce the RAN initiated paging.
Proposal 2: for the UEs moves not very slow, allow the anchor eNB to configure Paging area across multiple eNBs.
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5 Annex
5.1 Paging Procedures for the lightly connected UE and Paging area update signalling
For MME initiated paging, we use paging procedure for NB-IOT UP solution as the baseline, the old eNB is the eNB where the S1 connection was suspended. On top of this, we also take Rel-13 paging optimization into account in the MME initiated Paging procedure as below:
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Figure A1 MME initiated paging
For RAN initiated paging, the anchor eNB is defined as the eNB where the S1 connection of the UE lightly connected is kept. We assume that the location of the UE is known to anchor eNB in an area configured by anchor eNB, and once DL data is received from CN, the anchor eNB could trigger the paging toward other eNBs in the paging area, the detailed procedure is shown as below:  
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Figure A2 RAN initiated paging
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Figure A3 RAN initiated paging
5.2 Work assumptions
We start with the assumption of a hexagonal cell pattern, where every eNB has 6 neighbour eNBs as shown in the following figure, and we also assume a typical TA containing 100 eNBs. This result in the following number of eNBs paged depending on how wide the initial paging area is:
Table A0: Number of cells for the initial paging area
	One ring
	two rings
	Three rings
	TA 
	ISD

	1 eNB
	7 eNB
	19 eNB
	100 eNB
	500m



[image: image7.emf]
Figure A4: initial paging areas
In Rel-13 paging optimization, the probability of paging success is determined based on the probability of moving out of the paging area for the UE during the paging arrival interval.. This depends on the UE speed, the size of the paging target area and the paging arrival interval (which is defined as the duration between time when the time from when UE enters lightly connected state or IDLE state and the time when paging is triggered). 
The CDF of UE moving distance in a predefined time are shown in the following figures： 
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Figure A5: CDF of UE moving distance within predefined time duration
The flowing tables show the probability of paging success based on the CDF of UE moving distance statistics：
Table A1: P (Probability of paging success) (Paging arrival interval = 3 minutes)
	UE Speed
	1 eNB
	7 eNBs
	19 eNBs
	TA

	3km/h
	100%
	100%
	100%
	100%

	20km/h
	32%
	63%
	100%
	　

	60km/h
	7%
	21%
	32%
	100%


Table A2: P (Probability of paging success) (Paging arrival interval = 6 minutes)

	UE Speed
	1 eNB
	7 eNBs
	19 eNBs
	TA

	3km/h
	100%
	100%
	100%
	100%

	20km/h
	17%
	32%
	52%
	100%

	60km/h
	4%
	10%
	15%
	100%


Table A3: P (Probability of paging success) (Paging arrival interval = 10 minutes)
	UE Speed
	1 eNB
	7 eNBs
	19 eNBs
	TA

	3km/h
	95%
	100%
	100%
	100%

	20km/h
	9%
	17%
	25%
	100%

	60km/h
	3%
	6%
	9%
	100%


Table A4: P (Probability of paging success) (Paging arrival interval = 20 minutes)

	UE Speed
	1 eNB
	7 eNBs
	19 eNBs
	TA

	3km/h
	22.00%
	63.00%
	100.00%
	100%

	20km/h
	3%
	9%
	13%
	100%

	60km/h
	1%
	3%
	4%
	100%


5.3 UU signalling reduction gain of RAN initiated paging
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Figure B1: Uu paging signalling load (Paging arrival interval=3 minutes)
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Figure B2: Uu paging signalling load (Paging arrival interval=5 minutes)
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Figure B3: Uu paging signalling load (Paging arrival interval=10 minutes)
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Figure B4: Uu paging signalling load (Paging arrival interval=20 minutes)
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