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1. Introduction
New SI for 5G NR is agreed in March [1] and currently under discussion. At the first meeting for 5G NR, the main issue for design of 5G RRC was whether employing light connection concept or not. Maybe, many considerations need to be discussed for the decision in terms of signal load reduction, UE power consumption and so on.
This contribution discusses the cons and pros of having the new state concept (light connection concept) into 5G NR in the perspective of performance and service requirement.

2. Discussions on new state for 5G NR
Currently, there are vigorous discussions on defining RRC state for 5G NR [2]. In particular, due to the current ongoing Rel. 14 WI Signalling reduction to enable light connection for LTE [3], RAN2 is considering whether introducing new state concept in 5G NR or not.
According to [3], the light connection is expected to reduce the signal load and UE power consumption in the legacy LTE design. In addition, the amount of reduction in the signal load and UE power consumption could be different according to UE speed and traffic activity. 
Maybe, it is expected to obtain the similar performance gain even in 5G NR with this new state concept, even though the RRC connection procedure for 5G NR could be different from one of 4G. In that sense, the expected gain and pain in 5G NR with this new state concept needs to be clarified similar with one of Rel 14 light connection as shown in Table 1.
	
	UE Power Consumption
	Signal Load

	Gain
	Skipping Security Mode Command/Complete procedure, when RRC connection is resumed.
	Reducing S1 Paging Request signals to non RRC anchor nodes, when paging is arrived. 

	Pain
	Updating Paging Area, when UE moves to other eNBs within/out of Paging Area.
	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 though S1, when UE moves to other eNBs out of Paging Area.


Table 1. Gain and Pain of new state
From Table 1, we can guess that UE power consumption and signal load in new state can be changed depending on the traffic activity and UE mobility, because the gain and pain are related with UE speed and traffic activity. Therefore, we focus on what impacts are expected to the UE power consumption and the signal load in terms of the traffic activity and UE mobility.
For the performance analysis, we assume hexagonal cell deployment with 3 sectors. As the size of PA (Paging Area) for new state, 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 for fair performance comparison with new state. In addition, the traffic model is based on the FTP model 1 with the arrival rate of 0.2 arrivals/sec for high traffic activity and 0.017 arrivals/sec for low traffic activity, which is applied to both of MO and MT data. In addition, signal flow is mentioned in Appendix 2 which is based on our other contribution [4]. 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.

Impact on UE Power Consumption
In the perspective of UE power consumption, we need to compare the amounts of 
A: Skipping the SMC (Security Mode Command/complete) procedure when RRC connection is resumed and
B: Updating PA (Paging Area) when UE moves to other eNBs within/out of PA.
Here, we can think that A is related with the traffic arrival rate, because the number of RRC resumes depends on the traffic arrival rate. On the other hand, B is thought to be related with UE mobility, because the number of PAU can be different with the UE speed. Therefore, we can derive how much UE power consumption could be saved in terms of two factors. 

Figure 1. Normalized UE power consumption at low traffic activity (FTP model 1 with 0.017 arrivals/sec)

Figure 2. Normalized UE power consumption at high traffic activity (FTP model 1 with 0.2 arrivals/sec)
Figure 1 and 2 show the result of normalized UE power consumption according to UE speed and traffic activity. From Figures 1 and 2, we can observe that the UE power consumption in new state increases according to UE speed due to the increased number of PA updates. In addition, it is also observed that the power saving gain of the new state becomes bigger in the environment of high traffic activity due to the increased number of skipped security mode command/complete procedures. In particular, Figure 2 shows that the new state has less UE power consumption even in very high UE speed (In very high speed case of real environment, more power consumption in new state is expected because of not skipping security mode command procedure due to frequent resume failures). Based on two figures, we can make following observations,
Observation 1.  The UE power consumption in new state increases according to UE speed.
Observation 2.  The UE power consumption in new state depends on traffic activity.

Impact on Signal load
In terms of signal load, we can guess that X2 in new state could be overloaded compared to legacy MME based paging, because the new state needs additional signals, UE context retrieve and RAN paging request, compared to legacy MME based paging [4]. On the other hand, S1 seems to have more detail analysis, because we cannot clearly say that which one among gain and pain is more dominant for signal load. Therefore, we focus on how much severely overloaded to X2 and how much signal reduction gain could be achieved to S1 in terms of UE speed and traffic activity.
	
	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 2. 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 3. The number of Messages (per hour) when UE speed is 60 Km/h

Then, as shown in Tables 2 and 3, 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. 
The other discussion point is how much severely overloaded to X2 by introducing the new state. From tables 2 and 3, we can say that X2 in RAN based paging is overloaded compared to X2 in 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. 
Observation 3.  The RAN based paging can reduce signal load to S1 but increase signal load to X2 compared to legacy MME based paging. 
Observation 4.  In new state, high UE mobility could aggravate signal load. 

In terms of the traffic activity, it could increase signal load to S1 obviously for both of RAN based and MME based pagings. In case of X2, the traffic activity is not directly related with X2 signal load but could give negative impact to X2 due to increased paging related X2 messages (UE context retrieve or RAN paging request in [4]) when considering large PA size. Therefore, we can say that traffic activity could be related with X2 signal load as well.

5G Service Verticals
Based on the performance impact according to UE mobility and traffic activity in 4G LTE system, we can think the performance impact on each 5G service vertical. 
First of all, the 5G service verticals can generally be categorised into mMTC, eMBB or URLLC. These use cases require drastically different technical performances in terms of latency, data rate, massive connectivity, low power consumption and so on [2] as shown in Table 4.
	
	eMBB
	URLL
	mMTC

	Data Rate
	Very high
(e.g. peak rate 10 Gbps)
	Not much considered
	Not much considered

	Latency
	Low
	Very Low
(e.g. 1 ms end-to-end)
	Not much considered

	Mobility
	0km/h to 500km/h
	Not much considered
	Not much considered

	Reliability
	Not much considered
	Very High
(e.g. Packet loss rate: as low as 1e-04)
	Not much considered

	Power Consumption
	Not much considered
	Not much considered
	Very Low

	Connection Density
	High
(e.g. 200-2500 UEs/km2)
	High
(e.g. 10k sensor /10km2)
	Very High
(e.g.1M connections/ km2)



Table 4. Performance requirements of 5G services, i.e. eMBB, URLL and mMTC
As already discussed in NB-IoT, mMTC could be relatively possible use case, because it assumes normally to have low mobility and to have bigger cell for enhanced coverage service. If introducing the new state concept into mMTC, we can have some amount of positive effects on signal load and UE power consumption. 
Similar with mMTC, the URLL case has not much considered mobility and data rate conditions. If the main use case of URLL is also stationary device with low traffic activity, it could be similar standpoint of mMTC even with benefit of having low latency.   
In case of eMBB, it looks not that simple to introduce the new state concept to eMBB. Actually, because eMBB should support high level of mobility, the considered mobility for eMBB expands from 0 to 500 Km/h, i.e. when introducing the state concept to eMBB, high speed UE can consume more power consumption for PA update and cause significant X2 signal load for UE context retrieve and RAN paging request. If we say that eMBB is the main use case of 5G NR, maybe we needs to be very careful about the introduction of the new state concept to 5G NR.

3. Summary
In this contribution, we discussed the following considerations for lightly connected state ,
Observation 1.  The UE power consumption in new state increases according to UE speed.
Observation 2.  The UE power consumption in new state depends on traffic activity.
Observation 3.  The RAN based paging can reduce signal load to S1 but increase signal load to X2 compared to legacy MME based paging. 
Observation 4.  In new state, high UE mobility could aggravate signal load. 
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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 arrivals/sec

	Tracking Area
	10 Km ~ 2886 eNBs

	LTE power models
	Based on [5]



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

19 eNB TA	3 Km/h	30 Km/h	60 Km/h	90 Km/h	120 Km/h	200 Km/h	1	1.0141399371558348	1.029850978440096	1.0455620197243567	1.0612730610086181	1.10316917109998	1 eNB PA	3 Km/h	30 Km/h	60 Km/h	90 Km/h	120 Km/h	200 Km/h	0.9783156519304359	1.0207354633979406	1.0678685872507234	1.1150017111035064	1.1621348349562897	1.2878231652303767	19 eNB PA	3 Km/h	30 Km/h	60 Km/h	90 Km/h	120 Km/h	200 Km/h	0.97517344367358394	0.98931338082941844	1.0050244221136795	1.0207354633979406	1.036446504682202	1.0783426147735644	


19 eNB TA	3 Km/h	30 Km/h	60 Km/h	90 Km/h	120 Km/h	200 Km/h	1	1.0049470464663177	1.0104437647622262	1.0159404830581342	1.0214372013540427	1.0360951168097989	1 eNB PA	3 Km/h	30 Km/h	60 Km/h	90 Km/h	120 Km/h	200 Km/h	0.89686850325993461	0.9117096426588881	0.9281997975466133	0.94468995243433873	0.96118010732206416	1.0051538536893319	19 eNB PA	3 Km/h	30 Km/h	60 Km/h	90 Km/h	120 Km/h	200 Km/h	0.8957691596007531	0.90071620606707081	0.90621292436297907	0.9117096426588881	0.91720636095479602	0.93186427641055225	
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