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1.  Introduction
In RAN2#56bis in Sorrento, the drivers for LTE mobility control [1] have been captured into TS 36.300 Annex E [2]. As discussed in RAN2#56bis, operators were to look further into the applicable drivers for each IDLE and ACTIVE modes, and to provide a list of requirements for each mode to guide the design. This paper gives an overview of the requirements initially seen by operators for different mobility scenarios.
Note that in this document, the following abbreviations are used:

· L(L:  LTE to LTE inter-frequency mobility

· L(U:  LTE to UTRAN inter-RAT mobility

· U(L:  UTRAN to LTE inter-RAT mobility

· L(G:  LTE to GERAN inter-RAT mobility

· G(L:  GERAN to LTE inter-RAT mobility
2. Mobility control drivers and solutions
For inter-frequency/RAT mobility, four types of mobility control can be considered:

· Mobility control during IDLE (cell reselection)

· Mobility control upon IDLE to ACTIVE transition (redirection upon RRC/U-Plane establishment)

· Mobility control during ACTIVE (handover)

· Mobility control upon ACTIVE to IDLE transition (redirection upon RRC/U-Plane release)

Depending on how RRC and U-plane establishment/release procedures are designed in LTE, mobility control upon state transitions can be interpret as redirections upon RRC/U-plane establishment/release. To support various mobility drivers identified in RAN2#56bis, the above four control procedures are thought necessary. However, the applicable drivers and necessary features may be different for each case. Hence, in the sequel, the applicable drivers and necessary features are discussed for each case and for each mobility scenario, i.e., L(L, L(U, U(L, L(G, and G(L. Note that an “X” in a table indicates that the driver is essential, whereas an “(X)” indicates that the driver may be reduced in support depending on the complexity incurred.
2.1 Mobility control during IDLE mode
This is to control the mobility of UEs during IDLE mode, i.e., cell reselection. Table 1 summarises applicability of the drivers for different inter-frequency/RAT scenarios and necessary features to support the drivers.
TABLE 1  Mobility control during IDLE (cell reselection).
	#
	Drivers
	Applicability
	Necessary features to support drivers

	
	
	L(L
	L(U
	U(L
	L(G
	G(L
	

	1
	Radio condition
	X
	X
	X
	X
	X
	· Inter-frequency/RAT measurements (solutions to mitigate measurement load should be considered, e.g., S-criteria.)
· Cell reselection and reselection criteria

	2
	Camp load balancing
	X
	X
	X
	(X)
	(X)
	· Mechanism to prioritise cell reselection to certain layer/RAT, depending on the loading of layers/RATs.
· Load information exchange (not needed if balancing is inadaptive, i.e., only based on subscriber penetration on each band/RAT.)

	3
	Traffic load balancing
	
	
	
	
	
	· N/A

	4
	UE capability
	
	
	
	
	
	· N/A

	5
	HCS
	(X)
	(X)
	(X)
	(X)
	(X)
	· Mobility detection (e.g., number of crossed cells)
· Mechanism to prioritise cell reselection to certain layer/RAT, depending on the UE speed (e.g., HCS mechanism as in UTRAN)

	6
	Network sharing
	X
	X
	X
	X
	(X)
	· Mechanism to direct the UE to the appropriate PLMN at a network sharing border
· Mechanism to restrict UE measurements and reselection to cells that are entitled to access

	7
	Private neworks / home cells
	X
	(X)
	X
	
	(X)
	· Mechanism to prioritise reselection to private/home cells that are entitled to access
· Mechanism to restrict UE measurements and reselection to cells that are entitled to access
· Other unidentified features, FFS

	8
	Subscription / Policy based mobility control
	X
	X
	X
	(X)
	(X)
	· Mechanism to prioritise cell reselection to certain layer/RAT, depending on the subscription information or any other operator policy (e.g., for L(L there may be cases where an operator has policy in allocating UEs to certain frequencies due to different carrier bandwidths.)

	9
	Service based mobility control
	
	
	
	
	
	· N/A

	10
	MBMS
	X
	(X)
	X
	
	
	· Mechanism to prioritise cell reselection to the layer/RAT, depending on whether the UE requires reception of a certain MBMS transmission


2.2 Mobility control upon IDLE to ACTIVE transition

This is to control the mobility of UEs upon IDLE to ACTIVE transition, i.e., redirection upon RRC establishment. Table 2 summarises applicability of the drivers for different inter-frequency/RAT scenarios and necessary features to support the drivers.
TABLE 2  Mobility control upon IDLE to ACTIVE transition (redirection upon RRC/U-Plane establishment).

	#
	Drivers
	Applicability
	Necessary features to support drivers

	
	
	L(L
	L(U
	U(L
	L(G
	G(L
	

	1
	Radio condition
	(X)
	(X)
	
	
	
	· Inter-frequency/RAT measurements (during IDLE mode or upon IDLE to ACTIVE transition) and measurement reporting upon RRC establishment (it should be investigated whether measurements can be omitted in some or all cases, e.g., co-located cells.)

	2
	Camp load balancing
	
	
	
	
	
	· N/A

	3
	Traffic load balancing
	X
	(X)
	(X)
	(X)
	
	· Redirection to a certain layer/RAT (cell) upon RRC establishment, depending on the loading of layers/RATs.

· Load information exchange (not needed if balancing is inadaptive, i.e., only based on subscriber penetration on each band/RAT)

	4
	UE capability
	X
	(X)
	
	(X)
	
	· Redirection to a certain layer/RAT (cell) upon RRC establishment, depending on the UE capability

	5
	HCS
	
	
	
	
	
	· N/A

	6
	Network sharing
	(X)
	(X)
	(X)
	(X)
	
	· Redirection to a certain layer/RAT (cell) of the preferred PLMN, upon RRC establishment

	7
	Private neworks / home cells
	(X)
	
	
	
	
	· Redirection from a certain private/home cell

	8
	Subscription / Policy based mobility control
	X
	X
	(X)
	(X)
	(X)
	· Redirection to a certain layer/RAT (cell) upon RRC establishment, depending on the subscription information (if available upon establishment) or any other operator policy

	9
	Service based mobility control
	X
	X
	(X)
	(X)
	(X)
	· Redirection to a certain layer/RAT (cell) upon RRC establishment, depending on the requested service (if the service information is available upon establishment)

	10
	MBMS
	
	
	
	
	
	· N/A


2.3 Mobility control during ACTIVE mode

This is to control the mobility of UEs during ACTIVE mode (LTE_ACTIVE or UTRAN RRC Connected), i.e., handover. Table 3 summarises applicability of the drivers for different inter-frequency/RAT scenarios and necessary features to support the drivers.
TABLE 3  Mobility control during ACTIVE (handover).

	#
	Drivers
	Applicability
	Necessary features to support drivers

	
	
	L(L
	L(U
	U(L
	L(G
	G(L
	

	1
	Radio condition
	X
	X
	X
	X
	(X)
	· Gap assisted inter-frequency/RAT measurements (network controlled)
· Measurement reporting and reporting criteria
· Inter-frequency/RAT handover (UE assisted network controlled)

	2
	Camp load balancing
	
	
	
	
	
	· N/A

	3
	Traffic load balancing
	X
	(X)
	(X)
	(X)
	
	· Inter-frequency/RAT handover (network controlled)
· Load information exchange (not needed if balancing is inadaptive, i.e., only based on subscriber penetration on each band/RAT)

	4
	UE capability
	(X)
	(X)
	(X)
	(X)
	
	· Inter-frequency/RAT handover (network controlled), depending on the UE capability.

	5
	HCS
	(X)
	(X)
	(X)
	
	
	· Mobility detection (e.g., number of crossed cells)

· Inter-frequency/RAT handover (network controlled), depending on the UE speed.

	6
	Network sharing
	X
	X
	X
	X
	
	· Inter-frequency/RAT handover (network controlled) to a cell of the appropriate PLMN at network sharing border
· Mechanism to restrict UE measurements to cells that are entitled to access

	7
	Private neworks / home cells
	X
	X
	X
	X
	X
	· Inter-frequency/RAT handover (network controlled) to a private/home cell on another layer/RAT, where the UE is entitled to access
· Mechanism to restrict UE measurements and reselection to cells that are entitled to access
· Other unidentified features, FFS

	8
	Subscription / Policy based mobility control
	(X)
	X
	X
	X
	X
	· Inter-frequency/RAT handover (network controlled), depending on the subscription information or any other operator policy.

	9
	Service based mobility control
	(X)
	X
	X
	X
	X
	· Inter-frequency/RAT handover (network controlled), depending on the service or combination of services being used or requested.

	10
	MBMS
	X
	X
	X
	
	
	· Inter-frequency/RAT handover (network controlled), depending on whether the UE requires reception of a certain MBMS transmission.


2.4 Mobility control upon ACTIVE to IDLE transition

This is to control the mobility of UEs upon ACTIVE to IDLE transition, i.e., redirection upon RRC release. Table 4 summarises applicability of the drivers for different inter-frequency/RAT scenarios and necessary features to support the drivers.
TABLE 4  Mobility control upon ACTIVE to IDLE transition (redirection upon RRC/U-Plane release).

	#
	Drivers
	Applicability
	Necessary features to support the driver

	
	
	L(L
	L(U
	U(L
	L(G
	G(L
	

	1
	Radio condition
	X
	X
	X
	X
	X
	· Gap assisted inter-frequency/RAT measurements (it should be investigated whether measurements can be omitted in some or all cases, e.g., co-located cells), OR

· Cell search upon redirection

	2
	Camp load balancing
	X
	X
	X
	(X)
	(X)
	· Redirection to a certain layer/RAT upon RRC release, depending on the loading of layers/RATs
· Load information exchange (not needed if balancing is inadaptive, i.e., only based on subscriber penetration on each band/RAT)

	3
	Traffic load balancing
	
	
	
	
	
	· N/A

	4
	UE capability
	X
	X
	X
	(X)
	(X)
	· Redirection to a certain layer/RAT upon RRC release, depending on the UE capability

	5
	HCS
	
	
	
	
	
	· N/A

	6
	Network sharing
	X
	X
	X
	X
	
	· Redirection to a certain layer/RAT of the preferred PLMN, upon RRC release

	7
	Private neworks / home cells
	
	
	
	
	
	· N/A

	8
	Subscription / Policy based mobility control
	X
	X
	X
	(X)
	(X)
	· Redirection to a certain layer/RAT upon RRC release, depending on the subscription information or any other operator policy

	9
	Service based mobility control
	(X)
	(X)
	
	(X)
	
	· Redirection (or maintaining) to a certain layer/RAT upon RRC release, depending on the service that has been used (predicting that the UE uses the same service in the future.)

	10
	MBMS
	(X)
	(X)
	
	(X)
	
	· Redirection to a certain layer/RAT upon stop of an MBMS service reception.


3. Conclusions
Regarding inter-frequency/RAT mobility, the applicable drivers and necessary mechanisms were identified for each of the four cases:
· Mobility control during IDLE (cell reselection)

· Mobility control upon IDLE to ACTIVE transition (redirection upon RRC/U-Plane establishment)

· Mobility control during ACTIVE (handover)

· Mobility control upon ACTIVE to IDLE transition (redirection upon RRC/U-Plane release).

It is suggested that RAN2 takes the drivers into account when designing LTE mobility procedures. It is also proposed that Tables 1 to 4 are captured in TS 36.300 Annex E.
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