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1   Introduction
In RAN3#91bis meeting, RAN3 discussed the WI “Signalling reduction to enable light connection for LTE”, and one Way forward endorsed in [1], according to the discussion, there was one open issue to be further discussed:

Paging initiated by RAN (reduce paging area, …. ) Need to clarify the benefit, the impact of paging optimization against rel-13 enhancement …..
In this contribution, we further discuss the benefit and impact of the RAN initiated Paging comparing with the MME initiated Paging.

2   Discussion

2.1   RAN initiated Paging and MME initiated Paging procedures
In RAN2#92bis meeting, a working assumption was made by RAN2:

Work assumption to study the paging enhancement is “S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN”
Based on this working assumption, 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, anchor eNB could trigger paging toward other eNBs in the area, the detailed procedure is shown as below, note that the detailed solution is elaborated in [2]: 
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Figure 1 RAN initiated Paging
For MME initiated paging, we use paging procedure for NB-IOT UP solution as baseline, the old eNB is the eNB where the S1 connection was suspended. On the top, we also take R13 paging optimization into account in the MME initiated Paging procedure as below:
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Figure 2 MME initiated Paging
2.2   Comparison of RAN initiated Paging and MME initiated Paging
In this section, we compare the RAN initiated Paging and the MME initiated Paging in four aspects including Uu Paging load, Paging latency, CN handling and standard impact.
2.2.1   Uu Paging load
In this section we analyse the signalling load of the MME initiated Paging using both NB-IOT UP solution and R13 paging optimization,  and the eNB initiated paging with RAN controlled paging area as discussed in [2]. 
The probability of paging success P is determined based the probability of UE moving out of the paging area in the paging arrival interval. This depends on the UE speed, size of paging area and paging arrival interval which is defined as the duration between time when Paging is triggered and the time from when UE enters lightly connected state or IDLE sate. 
In MME initiated paging
· MME may firstly attempt to page the UE in a limited paging area, and then paging the UE in the TA area if no response in the first attempt, or the limited paging area may be increased step by step until TA scope.
· The relation of P, paging area and paging arrival interval is summarized in annex1. To simplify the evaluation, we only assume 2 steps paging is used in MME initiated paging optimization. 
· The Uu signalling cost for MME initiated two steps paging is calculated as:
 


Paging area size + (1-P)*TA size
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 on every moving out of the paging area. 
· The Uu signalling cost for eNB initiated paging is calculated as:
Paging area size+ Number of messages for location report * Number for moving across paging area, where, Number of messages for location report is assumed as 2
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. 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, 10km/h, 20km/h, 50km/h, 120km/h
· Paging arrival interval 3mins, 5 mins, 10 mins, 20 mins
· Paging area in last cell, one/two/three rings of neighbouring cells, entire TA

The Uu signalling loads are shown in the following figures based on the table A1-A4 in annex:
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Figure 3 Uu paging signalling load(Paging arrival interval=3/4/10/20 minutes)
Conclusion 1: with the same initial paging area, Signaling load for RAN initiated paging is comparable to MME initiated paging for UE moving slowly and paging arrival time is very short.
Conclusion 2: with the same initial paging area, Signaling load for RAN initiated paging is obviously lower than MME initiated paging for UE moving with middle/high speed or paging arrival interval is relative long.
Conclusion 3: with the speed or paging interval increasing, the signaling load for RAN initiated paging increases steadily while the signaling load for MME initiated paging increases steeply.

2.2.2   Paging latency
Paging latency is defined as the latency between the time when DL data is available in the S-GW and the time when paging has been acknowledge and DL data is available in eNB to be scheduled as shown in the figure1 and figure2.

Table1 Paging latency
	
	Paging response in anchor(old) eNB
	Paging response in new eNB

	Step
	eNB initiated Paging
	MME initiated Paging
	eNB initiated Paging
	MME initiated Paging

	1
	S1-U delay
	S11 paging delay
	S1-U delay
	S11 paging delay

	2
	
	S1 Paging delay
	X2 paging delay
	S1 Paging delay

	3
	Uu paging delay
	Uu paging delay
	Uu paging delay
	Uu paging delay

	4
	Uu Paging response delay
	Uu Paging response delay
	Uu Paging response delay
	Uu Paging response delay

	5
	
	S1 Paging response delay
	X2 Context retrieval delay
	X2 Context retrieval delay

	6.1
	
	S11 Modify Bearer Request delay
	X2-U delay
	S1 Path Switch delay

	6.2
	
	S1-U delay
	
	S11 Modify Bearer Request delay

	7
	
	
	
	S1-U delay


As shown in Table1, eNB initiated Paging has less signalling steps than MME initiated Paging, this will help the eNB initiated paging to save dozens of ms (e.g. 50ms) to provide the data to the UE.

Conclusion 4: eNB initiated Paging has less signalling steps than MME initiated Paging, this will help the eNB initiated paging to save dozens of ms to provide the data to the UE.

In Rel-13 paging optimization, to reduce paging load, the first paging attempt is triggered in a limited paging area. This will increase the paging latency if the first attempt is not successful. The Paging latency for MME initiated paging is calculated as:
 Paging RTT + (1-P)*[1.5* Paging RTT] 
Where:
P is the probability of paging success in the first attempt. 
Paging RTT is the duration between the time when MME triggers paging in TA area and the time when receives paging response.
1.5 * Paging RTT is the waiting time to trigger the second round paging if paging is not successful in the first attempt.
As summarized in the table according to the table B1-B4 in the annex, in MME initiated paging, the required paging latency are shown below. 
Table2 Paging latency [multiple of paging RTT] due to second round paging
	Paging arrival interval[ms]
	3
	5
	10
	20
	Average[*Paging RTT]
	Increased latency

	UE Speed 3km/h
	1.00 
	1.00 
	1.29 
	1.29 
	1.15 
	15%

	UE Speed 10km/h
	1.29 
	1.52 
	2.09 
	2.09 
	1.75 
	75%

	UE Speed 20km/h
	1.74 
	2.09 
	2.30 
	2.30 
	2.11 
	111%

	UE Speed 50km/h
	2.24 
	2.34 
	2.40 
	2.40 
	2.34 
	134%

	UE Speed 120km/h
	2.39 
	2.43 
	2.47 
	2.47 
	2.44 
	144%


Conclusion 5: in Rel-13 paging optimization for MME initiated paging, the first attempt in limited paging area will increase the average paging latency notably (up to 144%), especially for the UE moving with middle or high speed. 
2.2.3   CN Handling
According to the RAN2 work assumption “S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN””, the UE lightly connected has an active S1 connection, and from the MME point of view the UE is still connected to the eNB. For eNB initiated Paging, as shown in figure1, CN is not aware of the state transitions between lightly connected state and CONNECTED state.

For MME initiated Paging, the MME/S-GW needs to know the exact state of the UE, so that to decide whether to forwarding DL data to eNB directly or trigger S1 paging firstly. This also requires introducing S1/S11 signaling to notify the sate transition for UE to MME/SGW. 
Conclusion 6: RAN initiated paging for UE lightly connected could hide the state transitions from CN, while MME initiated requires S1 signaling exchange when UE performs sate transition.
2.2.4   Standard impact
For MME initiated paging, paging procedure for NB-IOT UP with R13 paging optimization could be reused for paging of UE lightly connected. 
For RAN initiated paging, X2 paging, location report and S1 UE context retrieve procedures are needed to be introduced. 
Conclusion 7: To support RAN initiated paging, X2 paging procedures, location report, and S1 UE context retrieve procedures are needed to be introduced. 
Based on the comparison above, RAN initiated paging could outperform MME initiated paging in term of paging signalling load, paging latency and impacts to CN, especially when UE moves in middle or high speed or paging interval is relative long. Therefore we propose to introduce RAN initiated paging in Light connection WI.
Proposal: introduce RAN initiated paging in Light connection WI.
3   Conclusion and proposals
In this contribution, we compare the eNB initiated paging and MME initiated paging, get the conclusions below:

Conclusion 1: with the same initial paging area, Signaling load for RAN initiated paging is comparable to MME initiated paging for UE moving slowly and paging arrival time is very short.
Conclusion 2: with the same initial paging area, Signaling load for RAN initiated paging is obviously lower than MME initiated paging for UE moving with middle/high speed or paging arrival interval is relative long.
Conclusion 3: with the speed or paging interval increasing, the signaling load for RAN initiated paging increases steadily while the signaling load for MME initiated paging increases steeply.

Conclusion 4: eNB initiated Paging has less signalling steps than MME initiated Paging, this will help the eNB initiated paging to save dozens of ms to provide the data to the UE.

Conclusion 5: in Rel-13 paging optimization for MME initiated paging, the first attempt in limited paging area will increase the average paging latency notably (up to 144%), especially for the UE moving with middle or high speed. 
Conclusion 6: RAN initiated paging for UE lightly connected could hide the state transitions from CN, while MME initiated requires S1signaling exchange when UE performs sate transition.
Conclusion 7: To support RAN initiated paging, X2 paging, location report, and S1 UE context retrieve procedures are needed to be introduced. 
Based on these conclusions, we propose:
Proposal: introduce RAN initiated paging in Light connection WI.
4   Reference
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5   Annex 

We start with the assumption of a hexagonal cell pattern, where every cell has 6 neighbour cells, we also assume a typical TA containing 300 cells. This result in the following number of cells paged depending on how wide the page target area is:
Table 4: Number of cells paged on paging area
	Last cell
	One ring
	two rings
	Three rings
	TA 
	ISD

	1
	7
	19
	37
	300
	500m
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In R13 paging optimization, the probability of paging success is determined based the probability of UE moving out of the paging area in the Paging arrival interval, which depends on the UE speed, size of paging area and paging arrival interval which is defined as the duration between time when paging is triggered and the time from when UE enters lightly connected state or IDLE sate. The CDF of UE moving distance in a predefined time are shown in the following figures： 
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The flowing tables show the probability of paging success built based on the CDF of UE moving distance statistics：
Table A1: P (Probability of paging success) (Paging arrival interval = 3 minutes)
	UE Speed
	Last cell
	One ring
	two rings
	Three rings
	TA

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

	10km/h
	22%
	100%
	100%
	100%
	100%

	20km/h
	10%
	32%
	60%
	100%
	100%


	50km/h
	4%
	13%
	21%
	32%
	100%

	120km/h
	2%
	6%
	8%
	13%
	100%

	
	
	
	
	
	


Table A2: P (Probability of paging success) (Paging arrival interval = 5 minutes)
	UE Speed
	Last cell
	One ring
	two rings
	Three rings
	TA

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

	10km/h
	6.00%
	20.00%
	33.00%
	50.00%
	100%

	20km/h
	3.00%
	9.00%
	17.00%
	25.00%
	100%

	50km/h
	1.20%
	5.00%
	8.00%
	13.00%
	100%

	120km/h
	0.50%
	1.50%
	2.83%
	4.17%
	100%

	
	
	
	
	
	


Table A3: P (Probability of paging success) (Paging arrival interval = 10 minutes)
	UE Speed
	Last cell
	One ring
	two rings
	Three rings
	TA

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

	10km/h
	6.00%
	20.00%
	33.00%
	50.00%
	100%

	20km/h
	3.00%
	9.00%
	17.00%
	25.00%
	100%

	50km/h
	1.20%
	5.00%
	8.00%
	13.00%
	100%

	120km/h
	0.50%
	1.50%
	2.83%
	4.17%
	100%

	
	
	
	
	
	


Table A4: P (Probability of paging success) (Paging arrival interval = 20 minutes)
	UE Speed
	Last cell
	One ring
	two rings
	Three rings
	TA

	3km/h
	12.00%
	100.00%
	100.00%
	100.00%
	100%

	10km/h
	4.00%
	10.00%
	17.00%
	24.00%
	100%

	20km/h
	2.00%
	5.00%
	8.00%
	12.00%
	100%

	50km/h
	0.80%
	2.00%
	3.20%
	4.80%
	100%

	120km/h
	0.40%
	0.80%
	1.30%
	2.00%
	100%


The flowing tables show the increased Latency of MME initiated paging built based on the probability of paging success:
Table B1: Paging latency (Paging arrival interval = 3 minutes)
	Paging arrival interval[Paging RTT]
	Last cell
	One ring
	two rings
	Three rings
	Average
[*Paging RTT]

	3km/h
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	10km/h
	2.17 
	1.00 
	1.00 
	1.00 
	1.29 

	20km/h
	2.35 
	2.02 
	1.60 
	1.00 
	1.74 

	50km/h
	2.44 
	2.31 
	2.18 
	2.02 
	2.24 

	120km/h
	2.48 
	2.41 
	2.38 
	2.30 
	2.39 

	Average
	　
	　
	
	　
	1.73 


Table B2: Paging latency (Paging arrival interval = 5 minutes)
	Paging arrival interval[Paging RTT]
	Last cell
	One ring
	two rings
	Three rings
	Average
[*Paging RTT]

	3km/h
	1.00 
	1.00 
	1.00 
	1.00 
	1.00 

	10km/h
	2.30 
	1.78 
	1.00 
	1.00 
	1.52 

	20km/h
	2.40 
	2.21 
	1.97 
	1.78 
	2.09 

	50km/h
	2.46 
	2.39 
	2.30 
	2.22 
	2.34 

	120km/h
	2.48 
	2.45 
	2.42 
	2.38 
	2.43 

	Average
	　
	　
	　
	　
	1.88 


Table B3: Paging latency (Paging arrival interval = 10 minutes)
	Paging arrival interval[Paging RTT]
	Last cell
	One ring
	two rings
	Three rings
	Average
[*Paging RTT]

	3km/h
	2.17 
	1.00 
	1.00 
	1.00 
	1.29 

	10km/h
	2.41 
	2.20 
	2.01 
	1.75 
	2.09 

	20km/h
	2.46 
	2.37 
	2.25 
	2.13 
	2.30 

	50km/h
	2.48 
	2.43 
	2.38 
	2.31 
	2.40 

	120km/h
	2.49 
	2.48 
	2.46 
	2.44 
	2.47 

	Average
	　
	　
	　
	　
	2.11 


Table B4: Paging latency (Paging arrival interval = 20 minutes)
	Paging arrival interval[Paging RTT]
	Last cell
	One ring
	two rings
	Three rings
	Average
[*Paging RTT]

	3km/h
	2.32 
	1.00 
	1.00 
	1.00 
	1.33 

	10km/h
	2.44 
	2.35 
	2.25 
	2.14 
	2.29 

	20km/h
	2.47 
	2.43 
	2.38 
	2.32 
	2.40 

	50km/h
	2.49 
	2.47 
	2.45 
	2.43 
	2.46 

	120km/h
	2.49 
	2.49 
	2.48 
	2.47 
	2.48 

	Average
	　
	　
	　
	　
	2.19 
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