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1. Introduction
In RAN2 #43 there was a short discussion on the method for achieving FLC. This document concentrates recaps on the different methods for HCS and non-HCS networks and discusses some issues requiring agreement before the method can be completed.

2. Discussion

2.1 Method

2.1.1 Non-HCS method

In RAN2 #43 the following method was agreed:

· A UE camped on a non-preferred frequency shall start inter-frequency measurements for at least MBMS frequency layer, independently of the Sintersearch criteria after the UE has received the FLC information.

· When the FLC is active and the UE is camped on the MBMS preferred frequency layer, the Sintersearch threshold can be used again in order to avoid unnecessary interruption in the MBMS data reception.
· Since FLC could present a less optimum cell re-selection, the time the UE spends actively using this feature should be minimised. Therefore, the UE shall stop FLC upon session stop. In addition, the case where the UE has stoped receiving MBMS without an explicit session stop (e.g. out of service) should also be considered. Also, in this case the UE would be required to return to normal cell re-selection.

· A signaled offset to the S criteria could make cells that are not suitable meet the S criteria, therefore the offset is applied only at R criteria. Only cells that meet the S criteria can be ranked according to 25.304, hence the R criteria should provide sufficient differenciation between the cells.
· it is important to ensure that the cell reselection works as total during the FLC not only in an initial convergence to the preferred MBMS layer. Therefore, the offset shall be applied positively or negatively depending on the cell frequency and serving cell, as shown by the equations below:
Serving cell:


Rs = Qmeas,s + Qhysts

Neighbour cells:

Rn = Qmeas,n - Qoffsets,n + (F)* Qflcoffset ​- TOn *  (1 – Ln)

Where:

F = 1 if the serving cell is not on the preferred MBMS frequency but neighbour cell n is on the MBMS preferred frequency

F = 0 if neither the serving cell nor neighbour cell n are on the MBMS preferred frequency

F = -1 if the serving cell is on the preferred MBMS frequency but neighbour cell n is not on the MBMS preferred frequency

F = 0 if the serving cell and neighbour cell n are on the MBMS preferred frequency
· The Qflcoffset parameter can be a specific value or infinity.

2.1.2 HCS Method

The non-HCS solution cannot fully work on a network that is using HCS. It has been suggested in previous discussions that the HCS rules could be ignored/bypassed in this case. However, it would be good to note that the behaviour of a UE on a network that has been planned to take HCS rules into account is not really definable. Generally, networks that use HCS will rely on the HCS priorities to achieve a good coverage, minimal re-selections, correct frequency re-selection, etc.

For these reasons, it is proposed to consider a simple solution that would cover the HCS case as well. This could be achieved by an offset to the layer selected as preferred (i.e. an offset to HCS_PRIO).  As an example, in the case of a two-priority layer network, it is expected that the preferred MBMS layer would be where the macro-cells are located. Therefore, signaling an offset to the HCS priority of the macro-cells would be sufficient to trigger the UE into reselecting to that frequency layer, as long as the necessary quality criteria are met (H criteria) in the same way as in normal HCS cell reselection rules. The changed priorities would be valid during the MBMS session and when the MBMS session is finished, the priorities would be back to normal.

In Figure 1, we show an example on how the HCS_PRIO of the cells on the MBMS layer could be changed to enable FLC cell reselection to have the highest HCS priority (HCS_PRIO) for UEs that are notified to use the FLC. A cell on the MBMS layer is indicated in yellow colour and cells on a non-MBMS have aqua colour. The HCS_PRIO of the MBMS layer (e.g. macro layer) is changed from 2 to 4 for UEs that are notified to use the FLC meaning that the the MBMS layer becomes a preferred layer for these UEs. For other UEs the HCS_PRIO of the MBMS layer would remain as 2.
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Figure 1 A change of HCS priorities for the cells on the preferred MBMS macro layer (yellow colour) while normally micro layer is the preferred HCS layer (aqua colour)
The R and H criteria would remain as currently in TS25.304. However, the high mobility rules of the normal HCS priorities should be not used in this scenario as the highest priority MBMS layer would the best layer for a high mobility UE. The high mobility rules can be disabled either by explicitly defining in the specification that when the FLC is used, high mobility triggers and rules are not used or by a special signaling element that indicates whether high mobility triggers and criteria should be used in the FLC case as well. The first approach would be the simpliest option. 

In HCS case the Ssearch measurements rules could remain unchanged since anyway the UE should measure neighbour cells on the highest priority frequency layer.

2.3 Remaining issues

2.3.1 Penalty timers

In previous discussions it has been suggested that the UE should disregard penalty times and TEMP_OFFSET in an initial cell reselection with the FLC (“TOn *  (1 – Ln)” in the Rn equation should not be considered for the preferred MBMS layer in an initial frequency layer convergence), to allow a faster initial convergence.

However, this will have some drawbacks because the UE may measure a cell that momentarily ranks higher than the serving cell (taking the Qflcoffset into account), but once reselected it is verified that the cell has poor quality. This problem will be common to both HCS/non-HCS solutions and should therefore be discussed before accepting this principle.

2.3.2 Ping-pong effects

It would be possible that the UE would have reselected to the PL and then the quality of the cells on that frequency starts to drop. The UE would eventually reselect back to the NPL, but three situations may occur:

a) UE reselects because NPL is ranked higher than PL (even with offset) on the non-HCS case. In this case, when the UE reselects to the NPL, the offset applied to PL is the same (i.e. same value). Therefore, reselection to the PL would not occur.

b) UE reselects because PL does not meet S criteria. In this case, once the UE has reselected to the NPL, the neighbouring cells on PL will still not meet the S criteria. If the offset is not too great, then it’s unlikely that a cell just meeting the S criteria will rank higher than a cell in good coverage. However, the greater the offset the greater the possibility of re-selection to PL and consequent ping-pong effect.

c) UE reselects because PL does not meet H criteria, for the HCS case. In this case, once the UE has reselected to the NPL, the neighbouring cells on PL will still not meet the H criteria. The problem is similar to b), but here the PENALTY_TIME is usually designed to avoid a too fast reselection, therefore it is less likely to happen.

2.3.3 Guaranteed service

For a non-HCS network, if the offset used is ‘infinity’ a reselection to the PL occurs everytime the target cell meets the S criteria. However, actual service may not be guaranteed just with S criterion. This situation may also happen depending on the value used for offset, but assuming good coverage the lower the offset the less likely it is to happen.

In the HCS case, this problem would not happen because, since factors external to radio conditions (i.e. priority) are taken into account in the reselection procedure, service is guaranteed with the H criterion.

A criterion, similar to H, could be considered for the non-HCS FLC case, to guarantee a minimum level of cell quality and ensure service availability.

2.3.4 Frequency layer divergence

In a non-HCS UTRAN, after the MBMS session has stopped and the UE has returned to using the normal reselection criteria (i.e. without Qflcoffset), if the UEs are in good coverage on the PL and the Sintersearch threshold has not been met, the UEs will remain on the PL. This causes a higher load on the PL rather than the NPL.

The current available methods for distributing the UEs across the frequencies when the MBMS session has finished are:

a) UTRAN controlled mobility (e.g. Handovers, Cell Change Orders, Re-direction)

b) UE mobility (the UE eventually moves to other frequencies)

Possible enhancements could include ignoring Sintersearch for a period of time, or performing initial cell selection upon MBMS session stop.

It should be discussed if an actual divergence (for re-distributing UEs) is needed. If the current methods available are not sufficient (note: not required for HCS networks) the suggested enhancements should also be discussed.

2.3.5 LAU/RAU Avalanche

Upon reselection to the PL, if the LA/RA has changed, the UE will perform Location/Routing Area Updates as necessary. If the network planning takes this factor into account, the Qflcoffset could be provided such that it would reduce the number of UEs reselecting to the PL, but avoid an avalanche of LAU/RAUs. If the offset used is ‘infinity’ this situation will happen with all the UEs that meet the FLC reselection criteria.

It should be discussed if this situation is problematic and decide if further requirements or limitations on the FLC solution are needed. 

3. Proposal

It is proposed that RAN2 analyses the HCS solution in section 2.1.2 and discusses the issues highlighted in section 2.3 in order to complete the FLC solution.
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