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1. Introduction 

As per TR 36.822 regarding the UE mobility information in RAN2 meeting#78 was agreed that
-
The possibility for the UE to provide mobility information to the network during transition from IDLE to RRC connected state should be provided

-
The details of the UE mobility information are left FFS
In this paper, we discuss the need for UE mobility status indication while the UE moves from idle to connected mode and focus on the corresponding mechanism to efficiently transfer the information. We also provide details about the method that may be used for obtaining the UE mobility state information. 
2.  UE Mobility Information 
While the UE is in idle state, the current UE based Mobility State Estimate (MSE) [1] may be used either as is or with some minor changes (to reduce the signalling overhead and complexity) to share some form of mobility information with the network during its transition to connected state. We have shown during last meeting [2] that distinguishing low mobility UEs from medium/high mobility UEs to the network is essential in reducing signalling overhead due to RRC state transitions and handovers. In this paper, we classify the mobility states according to the signalling overhead and MSE parameters. We demonstrate that MSE can be used to obtain the UE’s mobility state information that can then be conveyed as a simple bit indication. Recording history information with cell IDs and time stayed in each cell is another mechanism considered for mobility status information report, however this method may result in several measurement values requiring several bits for storing and transferring and also increases the complexity for the purpose. 
As per [1] in MSE, 3 different mobility states are defined: normal, medium and high. Based on our results [2], we have determined that the mobility status information is helpful for the network/eNB, for example to determine the RRC inactivity timer value (in conjunction with traffic characteristics and other information). 
Table 1 shows the signalling overhead calculations considering a background traffic trace for different UE speeds (cell rate) and RRC inactivity timers. It has been shown as per highlighted in green that at lower mobile speeds, it is better to maintain the UE in connected mode (corresponding to RRC inactivity timer infinity) and at medium/high speeds, it is better to have RRC inactivity timer set to move the UE into idle based on traffic activity. MSE [1] is helpful in identifying this low mobility region with great deal of accuracy (explained in tables 2 and 3). 
Table 1: Signalling overhead for different UE speeds and RRC Inactivity Timers

	RRC Inactivity Timer (s)
	Total Signalling Load Bytes due to HO and RRC state transitions per hour (per UE) for background traffic (Trace ID-17)

	
	Number cells per min

	
	0.10
	0.30
	0.50
	1.00
	2.00
	4.00
	10.00

	0.1
	87645.0
	87645.0
	88016.6
	88666.8
	88991.9
	89084.8
	89502.8

	0.5
	28462.0
	28462.0
	29019.4
	29901.8
	30691.4
	30970.1
	32317.0

	5
	16710.5
	16942.7
	17546.5
	18754.1
	20240.3
	21865.9
	29576.0

	10
	13404.9
	13730.0
	14426.7
	15959.4
	18513.9
	22276.0
	36117.0

	30
	4278.5
	4975.2
	5950.5
	8365.7
	12917.4
	21602.7
	47983.7

	60
	2537.9
	3373.9
	4720.8
	7461.1
	12709.1
	23252.1
	55068.1

	Infinity
	789.6
	2368.7
	3994.3
	8035.1
	16070.0
	32140.0
	80397.0

	Mobility State (*)
	Normal (Low)
	Medium/High

	Description
	Normal Mobility State to minimize signaling overhead, the UE should stay in RRC Connected (RRC Inactivity Timer set to infinity)
	In Medium or High Mobility State to minimize signaling overhead the UE should be sent to RRC Idle with an optimum RRC Inactivity Timer based on the traffic characteristics


(*) This classification will depend on the mobile state estimation procedure [1] 

In general, UE speeds less than or equal to 3Km/hr are considered low or normal mobility state and UE speeds higher than 3Km/hr are considered medium or high mobility state. Tables 2 and 3 are based on table 1 and show the different mobility state classifications depending on the MSE parameters’ configuration. This classification is tied to the signalling overhead calculations and also, the number of cell changes in a given time period of TCRmax has been mapped to UE mobility states based on the NCR_M and NCR_H values chosen. 
Table 2: MSE parameter configuration

	TCRmax (s)
	60

	TCRmaxHyst (s)
	60

	NCR_M
	1

	NCR_H
	2


Table 3: Mobility state classification for MSE parameter configuration

	Cells/sec
	Cells/min
	Cells/TCRmax
	Mobility State

	0.00167
	0.1
	0.1
	Low

	0.00500
	0.3
	0.3
	

	0.00833
	0.5
	0.5
	

	0.01667
	1.0
	1.0
	Medium

	0.03333
	2.0
	2.0
	High

	0.06667
	4.0
	4.0
	

	0.16667
	10.0
	10.0
	


The criteria are shown below as per [1]:
· Medium-mobility state criteria 

· If NCR_M < #(cell reselection during TCRmax) < NCR_H
· High-mobility state criteria: 

· If #(cell reselection during TCRmax) > NCR_H
· Normal-mobility state criteria:

· If neither medium nor high mobility state criteria are satisfied during the last TCRmaxHyst
In heterogeneous network deployment scenarios, due to different sizes of the cell, the existing MSE mechanism might increase the HOF for the UEs in connected state. Our motivation is to reduce the overall signalling load generated by cell changes and RRC state transitions rather than HOF. In this contribution, we employ MSE in idle mode which provides a good estimation of the number of cell reselections.  Based on the signalling overhead calculations shown in tables 1 and 3, it is sufficient to have 2 states defined for mobility status information. We can combine Medium and High speeds and send same indication for both. Thus, 1 bit of mobility status indication at connection setup is sufficient to differentiate normal vs medium/high mobility UEs. 
Observation 1: It is sufficient to differentiate normal (no/low) mobility and medium/high mobility to aid the network (e.g. selecting RRC inactivity timer)

In summary, based on our results above, we show that for normal mobility state and background traffic, it is best for the eNB to keep the UE in RRC connected state, may be with long DRX to save power, as the signalling overhead is minimal compared to having a RRC Inactivity Timer. For all other speeds (medium and high), it is more beneficial to move the UE to idle state (set a RRC Inactivity Timer) rather than staying all the time in RRC connected mode and performing huge number of handovers. Hence we propose 1 bit MSI for normal mobility and medium/high mobility information. 

To use 1 bit for MSI, the following mapping is suggested:

    0 = Normal (No/Low) mobility state

1 = Medium /High mobility state
Proposal 1: A simple 1 bit mobility status indication based on MSE could be sent to the network while the UE transitions from idle to connected mode. 

In the following section, we discuss a mechanism to send MSI from UE to eNB. As per above, if the information is limited to 1 bit and provided only during transition from idle to connected state, it is not necessary for the network to signal its support. This will only add further overhead in DL and add more complexity.
3. UE Mobility Information Signalling 
During UE state transition from RRC idle to connected mode, the Mobility Status Indication (MSI) may be sent as part of the RRCConnectionSetupComplete message. In this way, the UE mobility information is made available to the network immediately upon connection establishment. It may also be included as part of the RRCConnectionRequest message similar to UTRAN method of including ‘highMobilityDetected’ as the connection establishment cause. 
Proposal 2: We propose to use RRCConnectionSetupComplete message for sending the mobility status information to the network during RRC connection establishment.


A new IE can be defined to carry MSI using UL-DCCH RRC messages. For example in Figure 1, we propose a new IE element such as UE-AssistanceInfo-r11 to carry MSI (and possibly other UE Assistance information such as power preference indicator bit). Figure 1 also shows an example of how the proposed IE can be carried by RRCConnectionSetupComplete message as a noncritical release 11 extension of IEs. 
-- ASN1START

RRCConnectionSetupComplete ::=

SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE{




rrcConnectionSetupComplete-r8

RRCConnectionSetupComplete-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionSetupComplete-r8-IEs ::= SEQUENCE {


selectedPLMN-Identity



INTEGER (1..6),


registeredMME





RegisteredMME





OPTIONAL,


dedicatedInfoNAS




DedicatedInfoNAS,


nonCriticalExtension



RRCConnectionSetupComplete-v8a0-IEs
OPTIONAL

}

RRCConnectionSetupComplete-v8a0-IEs ::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v1020-IEs
OPTIONAL

}

RRCConnectionSetupComplete-v1020-IEs ::= SEQUENCE {


gummei-Type-r10





ENUMERATED {native, mapped}


OPTIONAL,


rlf-InfoAvailable-r10



ENUMERATED {true}




OPTIONAL,


logMeasAvailable-r10



ENUMERATED {true}




OPTIONAL,


rn-SubframeConfigReq-r10


ENUMERATED {required, notRequired}
OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v11xx-IEs
OPTIONAL





}
RRCConnectionSetupComplete-v11xx-IEs ::=
SEQUENCE {


ue-assistanceInfo-r11



UE-AssistanceInfo-r11 


nonCriticalExtension



SEQUENCE {}
    







OPTIONAL

}

UE-AssistanceInfo-r11 ::= 


SEQUENCE {


mobility-State-Indication


BOOLEAN










OPTIONAL,

...

} 

-- ASN1STOP

Figure 1: Proposed ASN Coding changes for RRCConnectionSetupComplete message
Proposal 3: We request RAN2 to consider the results and stage 3 mechanism presented in this paper to discuss and make decisions regarding UE mobility state assistance information. 
4. Conclusions
MSE should work sufficiently well for the purpose of providing UE mobility assistance information to the network during transition from idle to connected mode. We think it will be more complex to ratify a new mechanism for a simple bit indication of mobility status of the UE.

Observation 1: It is sufficient to differentiate normal (no/low) mobility and medium/high mobility to aid the network (e.g. selecting RRC inactivity timer)

Proposal 1: A simple 1 bit mobility status indication based on MSE could be sent to the network while the UE transitions from idle to connected mode. 
Proposal 2: We propose to use RRCConnectionSetupComplete message for sending the mobility status information to the network during RRC connection establishment. 
Proposal 3: We request RAN2 to consider the results in tables and stage 3 mechanism presented in this paper to discuss and make decisions regarding UE mobility state assistance information. 
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Annex 1: 

Table 4 – [Left] Number of RRC State transitions per hour per UE for different RRC inactivity timers. [Right] Time (%) in each RRC state per hour per UE for different RRC inactivity timers and background traffic trace (trace ID-17).
	RRC Inactivity Timer (s)
	Number of RRC Connected to Idle Transitions per hour (per UE)
	
	RRC Inactivity Timer (s)
	Time (%) in RRC Connected per hour (per UE)

	
	
	
	
	

	
	
	
	
	

	0.1
	468.96
	
	0.1
	1.43

	0.5
	150.77
	
	0.5
	4.32

	5
	87.35
	
	5
	17.50

	10
	69.32
	
	10
	28.11

	30
	19.76
	
	30
	54.54

	60
	10.40
	
	60
	65.77

	Infinity
	0
	
	Infinity
	100


Table 5 – Signalling load due to RRC state transitions per hour per UE for different RRC inactivity timers and background traffic trace (trace ID-17).

	RRC Inactivity Timer (s)
	Signaling Load due to RRC Transitions per hour (per UE)

	
	

	
	

	0.1
	87227

	0.5
	28044

	5
	16246

	10
	12894

	30
	3674.7

	60
	1934.1

	Infinity
	0


Table 6 – Signalling load due to Handovers per hour per UE for different RRC inactivity timers and background traffic trace (trace ID-17).

	RRC Inactivity Timer (s)
	Total Signalling Load Bytes due to HO per hour (per UE) 
for background traffic

	
	Number cells per min

	
	0.10
	0.30
	0.50
	1.00
	2.00
	4.00
	10.00

	0.1
	418.01
	418.01
	789.57
	1439.8
	1764.9
	1857.8
	2275.8

	0.5
	418.01
	418.01
	975.36
	1857.8
	2647.4
	2926.1
	4273

	5
	418.01
	418.01
	1068.2
	1950.7
	2740.3
	3251.2
	5294.8

	10
	464.45
	696.68
	1300.5
	2508.1
	3994.3
	5619.9
	13330

	30
	510.9
	836.02
	1532.7
	3065.4
	5619.9
	9382
	23223

	60
	603.79
	1300.5
	2275.8
	4691
	9242.7
	17928
	44309

	Infinity
	603.79
	1439.8
	2786.7
	5527
	10775
	21318
	53134
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Figure 2: Signalling load to data bytes for background trace ID-17
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