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Introduction

At last RAN2 meeting it was agreed to add to TS 25.346 some text concerning the Frequency Layer Convergence [1, 2].  The details of the mechanism used were left open.  This document proposes a way forward on each of the identified open issues.
Discussion

The text regarding the Frequency Layer Convergence captured in the TS [1] is reported below for convenience:
[…]

Frequency Layer Convergence denotes the process where the UTRAN requests UEs to preferentially re-select to the frequency layer on which the MBMS service is intended to be transmitted. This layer preference could be done by an additional MBMS session related Layer Convergence Information (LCI) such as offset and target frequency. These kinds of information could be given to UEs at session start and during the whole session, and will be applied during the entire session. More than one offset may be required to support multiple frequencies, but it is assumed that the same LCI information will apply to all the services on the same frequencies.

The details of the mechanism are defined in stage 3.

[…]

We list below the main open issues:
1. How should the offset be applied by the UE?

2. When should the UE perform inter-frequency measurements?

3. What should the value range of the offset be?

4. When should the offset be used by the UE?

5. How should the offset be transmitted?
We analyze each of the issues in the following sections.

1. How should the offset be applied by the UE?

In one of the documents that were not treated during the previous RAN2 meeting [2] it was proposed to apply the offset only to the cell ranking criteria R.  
Alternatively, an offset could be applied to the cell selection criteria S and a (potentially different) offset could be applied to the cell ranking criteria R.  This would allow the selection of a weak cell on which the UE would be able to receive the MBMS service (provided that enough link margin is available on the S-CCPCH used by MBMS transmissions), but on which the UE would not be able to receive other services.  In such case, the UE would have to reselect a different frequency as soon as the need to setup a different service will arise.  With the offset on the cell selection criteria S the MBMS service area of the cell could be bigger than the service area of other services.
The alternative solution does not guarantee that the UE will be able to receive PAGING TYPE 1 messages, unless the PICH and S-CCPCH of the PCH link margins are similar to the link margin of the S-CCPCH used by MBMS transmissions.
A negative offset would allow to reduce the MBMS service area of the cell with respect to the service area of other services for the same cell.

During the previous discussions in RAN2, the need for an MBMS cell coverage area bigger than the R'99/Rel-5 cell coverage area was never raised.  Moreover, there is no such requirement in the Stage 2 document.  For this reason we propose (in line with [2]) to discard the alternative solution and to assume that only the cell ranking criteria R will be affected by the MBMS offset.
2. When should the UE perform inter-frequency measurements?

The UE is not currently required to perform inter-frequency measurements if the quality measure of the serving cell is above Sintersearch.  This UE behaviour is not acceptable if frequency layer convergence is implemented in the system.

It is proposed (in line with [2]) that the UEs that subscribe to MBMS services and that are not on the preferred MBMS frequency be required to perform inter-frequency measurements irrespective of the value of Sintersearch, whenever the UEs are in idle mode, CELL_PCH/URA_PCH state, or in CELL_FACH state.
3. What should the value range of the offset be?

When performing inter-frequency cell selection the UE is required to first find all the suitable cells on all measured frequencies according to the cell selection criteria S.  The suitable cells are then ranked according to the cell ranking criteria R.  As discussed in issue 1 above, only the cell ranking criteria should be affected by the frequency layer convergence.

If the value of the MBMS offset used in the cell ranking criteria is small, it may happen that the UE will not select the preferred frequency and cause a PtP transmission in a non preferred frequency.  Even with a big value of the MBMS offset there is a possibility that the UE will not select the preferred frequency.  This may happen when the UE is very close to a Node B, which is not transmitting on the preferred frequency.
The cell ranking criteria R also includes (HCS) a temporary offset, which will change the ranking over time, even if the measured values do not change.  This behaviour is particularly damaging in MBMS, since the UE may be forced to remain on a particular non MBMS preferred frequency due to the temporary offset, establish a PtP connection on the non preferred frequency, and get stuck on such frequency in CELL_DCH.  For this reason we propose that the temporary offset and all the HCS rules are not applicable to UEs that subscribe to MBMS services.

In general, we propose to modify the cell ranking criteria R if any of the cells on the preferred frequency is suitable according to the cell selection criteria S.  The UE should instead be required to select the suitable cell on the preferred MBMS frequency and use the ranking criteria R only among the suitable cells belonging to the preferred cell.  If more than one frequency is used to transmit MBMS content, the UE should give priority to the frequency carrying the MBMS service that has higher priority for the user.  The definition of MBMS service priorities is FFS.  If deemed necessary an LS to appropriate SA group could be sent to clarify this issue.
We propose to transform the offset in a simple indication of the preferred frequency per service or per group of services.  If the preferred frequency is indicated for an MBMS service, the UE interested in that service will reselect a cell on that frequency, provided that the cell is suitable according to the S criteria.
4. When should the UE act on the Layer Convergence Information?

If the UE subscribe to an MBMS service, but the user is not currently interested in receiving that service, it is not clear if the UE should still move to the preferred frequency.  The Stage 2 [1] states that the LCI information should be given to the UE at session start and during the whole session, but it is not clarified when the UE should actually use the information.  If the user is not interested in a particular MBMS transmission there could be no need to apply the offset/indication, and the normal R'99 cell reselection procedures could be applied.  In this case the user selection would affect the reselection procedure.  If this UE behaviour is not deemed acceptable, the UE would be required to use the offset/indication as soon as any session of a subscribed service starts, even if the UE will not actively receive the session.  The drawback of this approach is that would cause unnecessary cell reselections.  The advantage is that the UE behaviour is more predictable form the network point of view.
We believe that the RAN2 group should address this issue together with other service related MBMS issues that are being raised at this meeting [5].

5. How should the LCI be transmitted?

An issue somehow related to the previous one is how the offset indication should be transmitted.  If we want that the UE moves to the preferred frequency only when the session starts, then the LCI information should be transmitted across all frequencies.  In fact, only if the UE subscribes to a service that is about to start it should be a candidate for reselecting the preferred frequency.  The need to send the LCI information on all frequencies used by an operator requires a particular attention to the optimization of the signalling.  The LCI information will have to be transmitted on the BCCH, unless an MCCH is present on each frequency.  The latter option is less attractive than the former one, since the amount of information to be sent on a non-preferred frequency is going to be relatively small.  Anyhow this issue should be studied in detail so that an informed decision can be made.
Conclusion

This document analyses the functionality of frequency layer convergence for MBMS.  It is proposed to use the R criteria only for cells belonging to the preferred frequency use and to eliminate all the cells on non-preferred frequencies provided that at least one cell on the preferred frequency meets the S selection criteria.  The issue of when the UE should act on the LCI information is raised, and it proposed to further study whether the user preferences should be allowed to modify the cell reselection criteria.  Finally, the need to send the LCI information on all frequencies is raised and the opportunity to send this information on the BCCH rather than on the MCCH is pointed out.
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