Page 1



3GPP TSG RAN WG2 Meeting #55 
Tdoc R2-062799
Seoul, South Korea, Oct 9th – Oct 13th 2006
Agenda Item:

14
Souce:




NEC
Title:




Load balancing between EUTRAN & UTRAN
Document for:

Discussion & Decision
1 Introduction

If LTE is deployed by operators that already have coverage by another RAT (GSM and/or UMTS) in the same area, there is the possibility that dual-mode users obtain service either from LTE or from the other RAT, which will be in fact serviced by the same operator.
In this document, we discuss a imbalance condition that could occur between LTE cells and cells from other RATs, and how the balance could efficiently be restored between the two.
2 Discussion
2.1 How imbalance can occur
If users that have dual-mode UEs subscribed to services that are better realised on the LTE system, it would make sense to have LTE as preferred RAT for cell selection and reselection, and hence avoid the delay of handover from another RAT to LTE at RRC connection setup.
If the number of UEs with such dual-mode capability and cell selection/reselection behaviour is large in an area that has coverage from LTE and another RAT, there is a risk that a LTE cell become loaded, while in fact a co-located cell from another RAT is more or less empty.

2.2 Alternatives to cure this condition

We see the following possibilities for the LTE system to handle that situation:

· at cell selection/reselection
· LTE system redirects idle UEs that connect to another RAT

· LTE system handovers active UEs to another RAT (i.e. create gap, get UE measurement, and handover UE)
2.2.1 Cell selection/reselection
If cell selection and reselection is affected so as to limit load on LTE cells, such that dual-mode UEs try to connect on another RAT, special care should be taken that user experience does not degrade with regards to connection setup delay. We do not consider this sort of solution in this document.
2.2.2 Redirection at RRC connection setup

Redirecting idle UEs that connect to LTE is in principle be feasible, though it causes some additional delay.

In order to avoid degradation of user experience, it is possible to use a ‘service cause’ at RRC connection request (or 1st LTE L3 message), so that LTE only redirects to another RAT users request for a service/QoS that may tolerate the redirection delay, and is can be achieved on the non-LTE RAT.

However, we note that all services for which a cause was not identified at the time of the specification will use the ‘other’ cause, so it will not be possible to differentiate QoS for new services.

2.2.3 Handover to the non-LTE RAT
The LTE system is aware of capabilities and active services/QoS for all UEs which are connected, so it can select UEs that have dual-mode capability and whose QoS requirements could be satisfied on a non-LTE RAT. Then, it should accommodate gaps for all these UEs, get measurements, and handover to the non-LTE RAT the UEs that report sufficient signal reception from the other RAT (the exact procedure is not defined yet).

Because this preparation procedure requires network and UE actions, and the purpose is to limit load on LTE, the network could choose a certain number of UEs that represent a certain amount of LTE resources (evaluated by known constant bit rate, e.g. for voice, or subscribed Guaranteed Bit Rate), and prepare them for handover.

Howerver, as the system efficiency depend on radio conditions experienced on LTE by each UE, UE with equal service could in fact take very different amount of resources of the LTE cell. 
3 Proposal

In order to restore resource availability on the LTE system when another RAT is available in the same area, we suggest that the LTE system prepares for handover to the non-LTE RAT dual-mode UEs that occupy more radio resources for the same service.

As scheduling measurement gaps limits radio resources, and the control of a handover procedure also impacts eNB activity, it is preferable to free as much resources as possible but with only a few handover procedures. We also note that this reduces the number of users that may encounter some disturbance because of the handover.

3.1 Candidate UEs for handover
Preferably, the network allocates downlink resources on localised sets of sub carriers, that are reported to be good by UEs, through CQI.

As UEs move faster towards eNBs, they encounter fast change of fading on every sub carrier.. The network can then allocate downlink resources using sets of subcarriers that are distributed in the cell bandwidth. Frequency diversity enables to avoid changing the set of carriers too frequently, while keeping an acceptable link, though the MCS used is most often less efficient.
As the UE speed is higher, the effects of fast change of fading still arise. Because fading changes quickly, it becomes necessary to constantly use a lower MCS, as link adataption is made more difficult.
MCS selected is less efficient, i.e. the resources used by this UE are increased, for the same level of service.

As fast change of fading is related to UE speed, it is homogeneous over the whole frequency band, i.e. the frequency at which the SNR on a certain pilot crosses a pre-defined threshold is the same whatever pilot is used. And UEs in already need to measure pilot symbols and calculate SNR.

3.2 Choosing the UEs

We propose that the network can configure a type of measurement event, specifically for UEs that are allocated distributed resources in the downlink, so as to report when the TCR (Threshold Crossing Rate, i.e. rate at which the measured SNR crosses a predefined SNR threshold), goes above a certain value.

With the UE reports this event, the network can prepare inter-RAT handover, by requesting measurements and scheduling gaps.
Because these UEs are the ones that take the most resources for equal service, when they are handed over to another RAT, significant LTE cell resources become available, the LTE cell capacity is improved, remaining users can get better service from LTE.

3.3 Benefits vs. costs, limitations
For the benefits, we see:
· non-LTE RAT can be used to offload LTE by inter-RAT handovers

· LTE resources are freed with the smaller possible number of handover procedures
· capacity of the LTE cell is maximised

· users on LTE cell get better service

· impact is limited to a few UES

For the costs, we see:
· new measurement event for UE with distributed allocation in DL (in fact, calculation rather than measurement)

· new measurement report to be signalled (but infrequent)

We note the following limitations:

· the proposed procedure is useful only when co-located cells from a non LTE-RAT have low load

·  it is not possible to determine in advance what the link quality on the non-LTE RAT will be, as this does not only depend on the RAT, but also on the quality of the UE receiver

4 Conclusion

When LTE and non-LTE RAT are available on the same area, LTE could be a lot more loaded than the other RAT as dual-mode UEs prefer to camp on LTE for better service.

A mechanism is proposed to free a maximum amount of LTE resources by handing over a small number of UEs to the non-LTE RAT.








































































