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1. Introduction
Light Connection WI is agreed in [1] which aims for reducing signal load for paging. Even though considering the goals, any performance results could not be found for proving signal load can be reduced by introducing this light connection. 
This contribution discusses how much signal load can be reduced by considering the light connection.

2. Discussions on Light Connection
Currently, although ongoing WI “Signalling reduction to enable light connection for LTE” is vigorously being discussed, any performance results could not be found for proving how much signal load can be reduced by introducing this light connection. In addition, because the performance could be changed according to the applied environments such as UE mobility, traffic activity and so on, we need to standardize this WI with considering the favourable and non favourable situations of light connection in terms of UE mobility, traffic activity and so on from initial phase.
As the initial discussion, we can derive the high level cons and pros of light connection based on the previous discussion and WID in terms of X2 and S1 signal loads compared to the legacy MME based paging,
	
	X2
	S1

	Cons
	.
	Reducing Paging Request signals to non RRC anchor nodes, when paging is arrived. 

	Pros
	Retrieving UE context though X2, when UE moves to other eNBs within/out of Paging Area.
	Updating RRC anchor eNB or Paging Area and switching paths, when UE moves to other eNBs out of Paging Area.


Table 1. Cons and Pros of Light Connection 
From Table 1, we can guess that X2 in light connection could be overloaded compared to legacy MME based paging. In addition, S1 seems to have more detail analysis, because we cannot clearly say that which one among cons and pros is more dominant for signal load. Therefore, we focus on how much severely overloaded to X2 and how much signal reduction gain could be expected to S1 in terms of UE speed and traffic activity.

Case 1: how much S1 signal reduction could be expected ?
The first discussion point is how much S1 signal reduction can be expected from light connection. In order to observe the signal reduction gain according to UE speed, we setup two cases of the UE speed which are very low speed UE (3 Km/h) and high speed UE (60 Km/h). As the size of PA of light connection, two setups are assumed, which are 1 eNB PA and 19 eNB PA. On the other hand, the size of TA is assumed to be 19 eNBs. In addition, the traffic model is based on the FTP model 1 with the arrival rate of 0.2. In addition, signal flow is mentioned in Appendix 2 which is based on our other contribution [2]. As the PA change method, two options are assumed: 
- PA change retrieving UE context : when a UE context is moved upon moving from one paging area to another, 
- PA change keeping UE context : when the UE context remains at the same eNB. 
The other simulation parameters are mentioned in Appendix 1.

	
	RAN based Paging
(PA change retrieving UE context)
	RAN based Paging
(PA change keeping UE context)
	MME based Paging

	
	1 eNB PA
	19 eNB PA
	1 eNB PA
	19 eNB PA
	19 eNB TA

	
	X2
	S1
	X2
	S1
	X2
	S1
	X2
	S1
	X2
	S1

	Conn Update
	60
	30
	24
	12
	30
	0
	14
	2
	0
	10

	Paging Load
	0
	720
	720
	720
	0
	720
	720
	720
	0
	13680

	Total
	60
	750
	744
	732
	30
	720
	734
	722
	0
	13690



Table 1. The number of Messages (per hour) when UE speed is 3 Km/h

	
	RAN based Paging
(PA change retrieving UE context)
	RAN based Paging
(PA change keeping UE context)
	MME based Paging

	
	1 eNB PA
	19 eNB PA
	1 eNB PA
	19 eNB PA
	19 eNB TA

	
	X2
	S1
	X2
	S1
	X2
	S1
	X2
	S1
	X2
	S1

	Conn Update
	1200
	600
	491
	241
	600
	0
	291
	41
	0
	200

	Paging Load
	0
	720
	720
	720
	0
	720
	720
	720
	0
	13680

	Total
	1200
	1320
	1211
	961
	600
	720
	1011
	761
	0
	13880



Table 2. The number of Messages (per hour) when UE speed is 60 Km/h

Then, as shown in Tables 1 and 2, we can observe that the legacy paging with wide TA gives significant burden to S1 interface (at this state, we assume that MME sends paging request to whole eNBs in TA). Even though considering high speed UE (60 Km/h), the signal loads to S1 for connection updates, i.e. PA update or path switch, are much smaller than the paging load of the MME based paging. Therefore, we can say that the legacy paging with wide TA give significant burden to S1 and the light connection has benefit in reducing S1 signal overload. 
Observation 1.  The legacy paging with wide TA gives significant burden to S1 interface.
Observation 2.  The light connection can reduce signal load to S1 interface.

Case 2: how much severely overloaded to X2 ?

The other discussion point is how much severely overloaded to X2 by introducing the light connection. From tables 1 and 2, we can say that X2 of light connection is overloaded compared to X2 of MME based paging. In particular, when considering high speed UE, the X2 signal load could be problematic, which almost increases in proportion to the UE speed. Therefore, we can derive following observation,
Observation 3.  Light connection could increase signal load to X2 compared to legacy MME based paging. 
Observation 4.  High UE mobility could aggravate signal load to X2. 

In addition, we can also check the impact of PA size to X2 from the results. When the PA size is large, the UE context or RAN paging request message needs to be sent from RRC anchor eNB to serving eNB though X2 interface, which could be a burden to X2, especially to low speed UE. In addition, when utilizing ring type X2 interface, the signal load could be more aggravated. On the other hand, as shown in Table 2, large PA size could be beneficial for reducing the X2 burden in case of high UE speed because of avoiding the PA update. Therefore, the PA size needs to be determined according to the considered UE mobility. 

In addition, in terms of the traffic activity, it is not directly related with X2 signal load but just related with paging load. However, when we consider large PA size, the traffic activity could give signalling impact to X2 due to the aforementioned X2 messages such as UE context retrieve or RAN paging request. Therefore, we can say that low traffic activity could help lowering X2 burden in case of large PA size.

3. Summary
In this contribution, we made the following observations for efficient light connection standard:
Observation 1.  The legacy paging with wide TA gives significant burden to S1 interface.
Observation 2.  The light connection can reduce signal load to S1 interface.
Observation 3.  Light connection could increase signal load to X2 compared to legacy MME based paging. 
Observation 4.  High UE mobility could aggravate signal load to X2 more. 
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Appendix 1: environments for performance analysis
	Environment
	Considered Value

	Cell Deployment
	Hexagonal Cell Deployment with 3 sectors

	ISD
	200m

	UE mobility
	Random direction from center point 

	Traffic Model
	Average arrival rate : 0.2

	Tracking Area
	10 Km ~ 2886 eNBs



Appendix 2: considered exemplary signal flow

[image: mo][image: mt]
Figure A1: Set of exemplary signaling messages for the MO and MT calls

[image: pa][image: pa optimized]
Figure A2: Set of exemplary signaling messages for the paging area change
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