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1.  Introduction
In previous RAN2 meetings, drivers for mobility control in LTE were discussed [1, 2] and some solutions were presented [3-7]. In RAN2#56 it was decided that RAN2 should first identify and agree the drivers for mobility control by email discussion. This paper is to capture the identified drivers (also limitations) and summarise the email discussion, so that RAN2 could determine the necessary solutions. The scope of the discussion includes both idle and active mode mobility.
2. Drivers for mobility control
2.1  Overview
Table 1 lists the drivers and limitations identified in the email discussion, and their applicability to intra-frequency, inter-frequency, and inter-RAT scenarios. Each driver and limitation is described in 2.2 and 2.3, respectively.

TABLE 1.  Drivers and limitations for mobility control and applicability to mobility scenarios.

	
	#
	Drivers/limitations
	Intra-frequency
	Inter-frequency
	Inter-RAT

	Drivers
	1
	Best radio condition
	X
	X
	X

	
	2
	Camp load balancing
	
	X
	X

	
	3
	Traffic load balancing
	
	X
	X

	
	4
	UE capability
	
	X
	X

	
	5
	Hierarchical cell structures
	
	X
	X

	
	6
	Network sharing
	
	X
	X

	
	7
	Private neworks/home cells
	
	X
	X

	
	8
	Subscription based mobility control
	
	X
	X

	
	9
	Service based mobility control
	
	X
	X

	
	10
	MBMS
	
	X
	X

	Limitations
	11
	UE battery saving
	X
	X
	X

	
	12
	Network signalling/processing load
	X
	X
	X

	
	13
	U-plane interruption and data loss
	X
	X
	X

	
	14
	OAM complexity
	X
	X
	X


As shown in Table 1, the applicable drivers depend on the mobility scenario, i.e., intra-frequency, inter-frequency, and inter-RAT.

· Intra-frequency mobility

Intra-frequency mobility is the most fundamental, indispensable, and frequent scenario. With the frequency reuse being one in LTE, applying any driver other than the “best radio condition” to intra-frequency mobility control incur increased interference and hence degraded performance. As such, only the “best radio condition” driver is applicable to intra-frequency mobility. Note that the exact definition of “intra-frequency mobility” is yet unclear [8], and shall be clarified with RAN1.

· Inter-frequency mobility
As in UMTS, an operator may have multiple carriers/bands for LTE working in parallel. The use of these frequency layers may be diverse. For example, some of these frequency layers may utilise the same eNB sites and antenna locations (i.e., co-located configuration), whereas some may be used to form a hierarchical cell structure (HCS), or even be used for private networks. Some frequency layers may provide MBMS services, while some may not. Moreover, LTE carriers/bands may be extended in the future to increase capacity. For example, as LTE gains popularity, an operator may decide to convert existing UMTS carriers into LTE. The operator may also acquire additional carriers/bands, that are not necessarily contiguous. As a consequence, different UE band capabilities may coexist and different carriers/bands may operate at different areas within a network. The LTE standard should readily support such carrier/band extensions and diverse network configurations, providing flexibility and efficiency. Therefore, a number of drivers apply to inter-frequency mobility control, in addition to the “best radio condition” driver.
· Inter-RAT mobility

The aspects that need to be considered for inter-RAT are similar to those for inter-frequency. For mobility solutions to be complete with the inter-RAT drivers, relevant updates would be necessary on the legacy (UMTS/GSM) specifications. This will add to the limitations, which are evidently more effective in inter-RAT. Although the drivers/limitations need to be assessed per objective RAT (UMTS/GSM), the solutions should be made common as much as possible to reduce any complexity.

2.2  Drivers
The drivers for mobility control are described below.
· Best radio condition

The primary purpose of cell reselection, regardless of intra-frequency, inter-frequency, or inter-RAT, is to ensure that the UE camps on/connects to the best cell in terms of radio condition, e.g., path loss, received reference symbol power, or received reference symbol Es/I0. The UE should support measurements to suffice this aspect. For LTE cells, the frequency domain scheduling and channel/symbol mapping may have some implications to designing the measurements and reselection/reporting criteria. The UE would also have to check that the selected cell falls within the accesible range (in terms of signal strength and possibly also in terms of propagation delay, i.e., check if it falls within the dynamic range of timing advance, FFS).
LTE should support good mobility even when the radio environment changes suddenly, e.g., when the UE enters a tunnel or in a Manhattan-like street cell scenario. It should be discussed whether a special mechanism is needed to cope with such sudden changes in radio environment or it can be handled with good radio network planning practices. In either case, the system design should minimise any side effects of counteracting the sudden changes in the radio environment (e.g., ping-pongs).
For inter-frequency/RAT mobility, the UE needs idle gaps to perform measurements on other frequency layers/RATs. In addition, for inter-RAT, LTE measurements while the UE is in another RAT (UMTS/GSM) need to be supported. It should be discussed whether in certain cases (e.g., co-located LTE cells within the same frequency band) the measurements can be omitted.

· Camp load balancing

This is to distribute idle state UEs among the available bands/carriers/RATs, such that upon activation, the traffic loading of the bands/carriers/RATs would be balanced. At least the path loss difference between different bands should be compensated to avoid UEs concentrating to a certain frequency layer (e.g., lower frequency bands due to the propagation nature). A deliberate mechanism would be necessary to avoid UEs concentrating to a certain RAT (e.g., LTE). Various solutions have been presented [3, 4, 5], including the use of Qoffset [3] and an approach of limiting the frequency layers for camping [4].
For inter-RAT, this driver also includes the aspect of balancing the loading of core network nodes of different RATs. Nevertheless, for intra-LTE, the core network load aspect is out of scope, since MME/UPE relocation by itself should not cause any radio mobility procedure (but only NAS procedures like NAS ID and security updates).
· Traffic load balancing

This is to balance the loading of active state UEs, using redirection for example. In LTE, traffic load balancing is essential because of the shared channel nature. That is, the user throughput decreases as the number of active UEs in the cell increases, and the loading directly impacts on the user perception. A solution is desired that causes minimum impact on the user perception. This implies that inter-layer transitions are preferably done during data inactivity (e.g., DRX) or transition to the idle state. Various solutions have been discussed in [5-7]. Although this driver is also applicable to inter-RAT, for inter-RAT, the “service dependent control” driver may be more dominant than the load balancing aspect.
· UE capability

As LTE bands/carriers may be extended in the future, UEs having different band capabilities may coexist within a network. It is also likely that roaming UEs have different band capabilities. Overlaying different RATs adds to this variety. The mobility solution should cope with the coexistence of various UE capabilities in an efficient manner.
· Hierarchical cell structures

As in UMTS, hierarchical cell structures (HCS) may be utilised in LTE to cover for example, indoors and hot spots efficiently. It is possible that LTE is initially deployed only at hot spots, in which case this driver becomes essential for inter-RAT, not just for inter-frequency. Another use case would be to deploy a large umbrella cell to cover a vast area without having to deploy a number of regular cells, while providing capacity by the regular cells on another frequency. While HCS can be seen as a solution to reduce measurement and signalling loads, to optimise HCS usage, mobility control should take into account the UE mobility (e.g., speed). This however implies that sufficient mobility detection is also required. Although HCS is not addressed as a mobility driver for intra-frequency mobility, intra-frequency HCS deployment should not be restricted.
· Network sharing

At the edge of a shared portion of a network, it will be necessary to direct UEs belonging to different PLMNs to different target cells. The mobility solutions in both idle and active states should therefore support differentiation between UEs of different operators.

· Private networks/home cells
Cells that are part of a sub-network should prioritise the camping on that sub-network. UEs that do not belong to private sub-networks should not attempt to camp or access them. Although this could be resolved by the use of forbidden TAs as in UMTS, a more deliberate mechanism may be needed as some of these sub-networks could be very small, e.g., one home.
· Subscription based mobility control

This mobility driver aims to limit the inter-RAT mobility for certain UEs, e.g., based on subscription or other operator policies. The system should provide means to dissallow access on certain RATs (including LTE) as done with "LA reject" in legacy systems. It should be possible for the operator to trigger a subsequent UE action such as a cell or PLMN selection.
· Service based mobility control
An operator may have different policies in allocating frequencies to certain services. For example, the operator may concentrate VoIP UEs to a certain frequency layer or RAT (e.g., UMTS or GSM), if evaluations prove this effective. UEs requiring higher data rates may better be served on a frequency layer or RAT (e.g., LTE) having a larger bandwidth. The operator may also want to accommodate premium services on a certain frequency layer or RAT, that has better coverage or larger bandwidth.
This driver is essential for inter-RAT, due to the different QoS levels provided by different RATs. The nature of the service being requested (e.g., QoS and traffic behaviour) should be considered in controlling mobility, so that services are accommodated in the best suitable RAT. Note that such service dependent control shall only be based on network decisions and not on UE decisions (i.e., no UE based service dependent cell reselection), except for MBMS scenarios.
· MBMS

As MBMS services may be provided only in certain frequency layers, it may be beneficial/necessary to control inter-frequency/RAT mobility depending on whether the UE receives a particular MBMS service or not. For MBMS scenarios only, UE based service dependent cell reselection might be considered acceptable. This aspect also depends on the UE capability for simultaneous reception of MBMS and unicast.
2.3  Limitations for mobility control
While the issues mentioned above drive LTE towards “aggressive” mobility control, the limiting factors also have to be considered. The factors listed below apply to all intra-frequency, inter-frequency, and inter-RAT mobility scenarios.
· UE battery saving

The mobility solution should not consume excessive UE battery, e.g., due to measurements, measurement reporting, BCH reception, or TA update signalling. This could be achieved for example by setting appropriate measurement rules such as S-criteria, hysteresis, and time-to-trigger. Adaptive control of some measurement/mobility parameters (e.g., based on DRX, cell size, or mobility) may also be considered as a countermeasure. To reduce TA update signalling, TA allocations can be differentiated depending on the UE speed or the mobility vector, on top of appropriate TA planning. Effects on additional delays (e.g., paging) should also be investigated if means such as “long DRX” are used to achieve these savings.

It should be investigated together with RAN4 if a coupling between measurements accuracy and DRX (as in UMTS) is also acceptable for LTE [9].
· Network signalling/processing load

The mobility solution should not cause excessive network signalling/processing load. This includes over-the-air signalling, S1/X2 signalling, and processing load at network nodes. Unnecessary handovers and cell reselections should be avoided, and PCH and BCH signallings, as well as dedicated signallings, should be limited. This could be achieved by similar countermeasures as for UE battery saving.
· U-plane interruption and data loss

U-plane interruption and data loss caused by the mobility solution should be limited. The required QoS should be satisfied in any case.

· OAM complexity

The mobility solution should not demand excessive efforts in operating/maintaining a network. For example, when a new eNB is added or an existing eNB fails, the mobility solution should not incur excessive efforts to set up or modify the parameters. Means should be studied to integrate the mobility solutions in the concept of “self-optimisation” to minimise manual processes. Reducing the neighbour list information in LTE [8] would also be a countermeasure to this requirement.
3.  Conclusions

The drivers and limitations for mobility control in LTE were identified. As some of the drivers and limitations impose contradicting requirements, the mobility solution should provide the best balance, preferably in an integral and versatile mechanism. We should however note that such balance may depend on the UE state, data activity, and mobility. To avoid overly complex specifications, the number of solutions should be minimised while covering all (or most of) the drivers/scenarios.
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