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1 Introduction 
As summarised in [1], LTE and inter-RAT cell reselection is expected to be based on best radio conditions as a dominant driver, but it should also take into account other drivers such as camp load balancing, UE capability, HCS, network sharing, private networks/home cells, subscription based mobility control and service-based mobility control.
So far, the possible methods for camp load balancing are listed in [3], and it seems that UE specific Qoffset as proposed in [4] would have advantages over the other methods, that it can accommodate more or less all the drivers for mobility control.

In this contribution, we discuss how this type of mechanism could be used accurately and we consider an example of a simple scheme that could provide the required flexibility.

2 Discussion
2.1 Scenarios

In order to determine appropriate procedures and signalling, we consider the different drivers and look how the techniques listed in [3] may be employed in order to conceal all the listed drivers.
2.1.1 Camp load
The term ‘camp load’ may be seen as a strange concept, since idle UEs that camp on a cell are in fact not taking any radio or eNB resources, since they have no resource allocated and there is no context in eNB. However, these UEs may become active any time, either because a service starts (speech call or other type) or because of periodic registration signalling (TA update).

If we assume that each UE has a certain probability to become active in the next 5 minutes, then the number of idle UEs that camp in a cell surely determines RACH load that is expected to come next, and the number of UEs that the eNB has to either redirect to another cell or to serve using radio resources in the current cell. So distributing UEs into different frequencies/RATs is a way to perfom load balancing upstream of UE’s requests. But how and when to do it ?

An good cell situation would be that:

· current cell can serve all requests (given current load)
· a limited number of UEs are redirected to another frequency or RAT:

· redirection to subordinate cells ([1], another frequency same RAT)

· redirection to another RAT

· UEs that request “low-demanding” service that can be served in another RAT

· UEs that request “high-demanding” service that can not be served in the current RAT

If we view as null the cost of redirection from dominant to subordinate cells, from load point of view, we may consider each dominant cell with a set of subordinate cell as one cell only that has larger capacity.

If the eNB determines that the amount of requests from idle UE is too large, it may be desirable to bias cell reselection so that less UEs camp in the current cell but prefer a cell in the same area that belongs to a different frequency or a different RAT.
2.1.2 Hierarchical cell structures
So far, HCS as it is in UMTS was judged efficient:

· UEs that do cell reslection may move

· to a frequency layer with larger cells in case of frequent cell reselections

· to a frequency layer with smaller cells in case of infrequence cell reselections

· UEs in CELL_DCH are moved to a frequency with larger cells to avoid too many handovers due to high mobility

· UE mobility state is exchanged between UE and network when the UE switched between UE- and network-controlled mobility
Therefore, HCS is expected to be used in a similar manner for LTE as for Rel-6/7.

2.1.3 UE capability
The UE capability are known at eNB only when UE is in LTE_ACTIVE, but some UE capabilities may be transmitted to the MME and stored as the UE is in LTE_IDLE.

So in principle, eNB and MME are equally aware of UE capabilities, and either of them could use this knowledge to trigger UE-specific mechanisms according to capabilities such as redirection upon RRC release and UE specific Qoffset.
2.1.4 Subscription- and Service-based mobility control
As the number of frequencies and RATs increases, there will be more co-located cells with different properties, that support more-demanding services or can better accommodate certain services according to network planning.
Because eNBs are not aware of UE subscription and active services, some control from the MME is necessary for this type of mobility. A natural moment when MME may take action for subscription-based mobility control is at the time of attach, while service-based mobility control would be triggered at service start and end.
2.1.5 Private networks/home cells – Network sharing
As the UE is moving into different Tracking Areas, if those Tracking Areas span over private networks/home cells, the UE may or may not be allowed to reselect the corresponding cells. This authorization should be possibly controlled from the Core Network as the UE enters a new Tracking Area, provided the CN knows the mapping between Tracking Areas and existing private networks/home cells. 
2.2 Control procedures
2.2.1 Cell reselection

In UTRAN, Qoffsets,n parameter is used to bias reselection between a given pair of cells, as described in 3GPP TS 25.304. This parameter is broadcast within SIB3 and SIB4 messages. Also, QoffsetMBMS is used to realise FLC for MBMS services.

Though LTE will use different measurements for cell reselection, due to different radio/frame/pilot structure, we may assume that the same type of mechanism can be used for LTE.

2.2.2 UE-specific control of reselection
For LTE, it was suggested that the network can indicate to a UE, via dedicated RRC signalling, a UE-specific offset for cell reselection that should be used to bias reselection between a pair of cells for this specific UE [3]. The signalled offset would be applicable permanently or for a certain time (UE timer).

This mechanism is flexible enough to be used in several scenarios:
· by distribution of different offset, it may be used to balance load

· it can keep certain UEs in certain RATs, based on subscription or service
· it can also be used for deployment- and cell-specific conditions, i.e. prefer/avoid home cell/private network/RAT
Nevertheless, some difficulties may arise:

· dedicated signalling is needed, i.e. UEs should be connected to receive the offset

· dedicated signalling is easy to do if it is dispersed in time for different UEs, e.g. at registration procedures, but since the UE is moving, it is not possible to signal an offset that is valid in all cells

· in order to dynamically cope with imbalance, the possibilities are:

· modify an offset on system information, but the effect is not UE-specifc, so it might break other rules
· move LTE _ACTIVE UE to another cell, but this affects service for active users

In order to cope dynamically with network imbalance, it seems necessary to simultaneously address several UEs with the same offset, but in such a way that only a group of UEs will use a particular offset. Since the effect of the offset should be compatible with the other drivers, the groups may not be based on random distribution, but should be decided according to the other drivers.

If additional offsets are specified for every group of UEs, in order to limit load on the system information, the number of groups should be limited. Otherwise, there should be a simple rule for UE to derive different offset values without adding explicit values in system information.

2.2.3 A possible scheme with mixed control by eNB (system information) and Core network (NAS signalling)

As a very simple implementation, it would be possible to:

· assign to every UE a LTE inter RAT load sharing priority key - Klsr (‘lsr’ – load sharing between RATs). This key is assigned to the UE by the network in the registration process and could be updated during any of the re-registration procedures (IMSI attach, RA update and etc).  The LTE inter RAT load sharing priority key introduces a subscriber differentiation in the traffic steering as encouraged by 3GPP 25.913, section 10.3. 

· in the UE, add an extra offset to the value Qoffsets,n, that extra offset is Qoffsets,n multiplied by Klsr. This extra offset is added in the cell reselection criteria only for the relevant inter-rat relations only

Qoffset UE s,n = Qoffset eNB s,n + (Qoffset eNB s,n * Klsr)

The same process could also be applied while the UE is camped on the other RAT in order that ping-pong is avoided between the RATs.

Also, for the intra LTE inter-frequency case:
Qoffset UE s,n = Qoffset eNB s,n + (Qoffset eNB s,n * Klsf) where ‘lsf’ stands for load share between frequencies.
Fig 1. bellow gives an illustration of this implementation.
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When the eNB modifies Qoffset eNB s,n, different UEs would apply different offsets based on information previously decided by CN. Of course, the range of Klsr and Klsf should be known by eNBs so as to choose meaningful values of Qoffset eNB s,n.
2.3 Limitations
2.3.1 UE battery

UE battery consumption might become a problem if too many measurements are necessary for cell reselection, on different frequency layers or RATs.
While one camp layer only as proposed in [2] would solve the problem, in the case of a different deployments with more that one camp layer and several RATs, we should avoid doing interfrequency or inter RAT reselection when quality of current cell is very good.
With regards to the scheme proposed above, as dedicated signalling for camp load balancing is only performed together with existing CN signalling, there is no degradation of UE battery further than the actual cell measurements.

2.3.2 OAM complexity

We believe that the proposed scheme could be rather simple to configure:

· CN allocate camp load balancing priorities to individual UEs according to operator’s deployment and policy
· E-UTRAN configures cell-dependent Qoffset while knowing the possible range of priorities assigned by CN

· E-UTRAN may change Qoffset if the UE distribution is not appropriate from its point of view
3 Conclusion
We have discussed the feasibility of camp load balancing and the other drivers that impact LTE mobility control in LTE_IDLE.

Looking at the proposal for UE-specific Qoffset, we describe a simple scheme where the E-UTRAN configures a generic offset and UE-specific priority keys are assigned together with existing CN signalling, that is used by every UE so that the E-UTRAN offset on system information is modified using these priority keys.

We suggest to capture this type of mechanism in the LTE stage 2 specification.
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