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Introduction

TS 25.346 includes text concerning the Frequency Layer Convergence [1].  Several documents were presented at the MBMS Ad Hoc, but there was not enough time for a complete discussion of the subject.  The principal topics of discussion were: 

A. Is the LCI different for every service, or is it common for all MBMS services?

B. When should the UE act on the Layer Convergence Information?

The main aim of the first part of this document is to list the alternative scenarios and to analyse the pros and cons of each of them.  In the second part we discuss topics that were not treated at the MBMS Ad Hoc.
Part 1
A – Service specific vs. global LCI
Some of the documents [7], [9] presented at last MBMS Ad Hoc proposed that the Frequency Layer Convergence should be service specific, i.e. the LCI information should be potentially different for each service.  Some companies have instead assumed that there is only one layer on which all UE subscribing to MBMS will be camping.  We now analyze in more details these two possibilities.

Service Specific LCI

In this scenario the LCI can be different for each MBMS service, i.e. each service can have a different target frequency or a different offset/indicator.
Pros

· It is possible to have more than one frequency dedicated to MBMS services
· If all PtM MBMS transmissions do not fit a single frequency, they can be spread across distinct frequencies

· If multiple MBMS frequencies are used for different services, the UEs that are interested in distinct MBMS services may camp on distinct frequencies
· This may somehow spread the PtP traffic load across frequencies
· UEs that receive PtM MBMS content and at the same time are involved in PtP services are spread across all the frequencies that transmit MBMS in PtM mode
· If one service is very popular, the UEs that are interested in the MBMS content would all camp on the same target frequency.  However, not all the UEs would be on the same frequency, as in the case of global LCI.

· This may cause uneven PtP traffic across the frequencies, i.e. the target frequency of the popular MBMS service could be more loaded for PtP traffic than the target frequencies of other MBMS services.  However, the PtP traffice would be even more unevenly spread if the global LCI were used

Cons

· Cell reselection procedure is a function of the services that the user wants to receive

· As the user selects a different service it may camp on a different frequency

· UTRAN cannot easily predict the UE cell reselection behaviour

Global LCI

In this scenario a single LCI is valid for all the MBMS services, i.e. a single target frequency and a single offset/indicator is signalled.
Pros

· Cell resection behaviour or UE subscribing to MBMS is more predictable
Cons
· PtM MBMS transmissions can take place only in one frequency among all the frequencies available to the operator

· If the number of PtM MBMS services exceeds the maximum number for one frequency, they cannot be provided in PtM

· MBMS services that cannot be provided in PtM due to this limitation will be provided in PtP

· System capacity is negatively affected

· All the UEs interested in PtM MBMS services would camp on the single target frequency
· This would cause uneven PtP traffic across the frequencies, i.e. the single target frequency of the MBMS service would be more loaded for PtP traffic than other frequencies of the same operator
· System capacity is negatively affected

Proposal on service specific vs. global LCI
The disadvantages of the global LCI are so severe that they may greatly impair the benefits of PtM transmissions.  In fact, the system capacity is reduced by two distinct but concurrent factors: the higher use of PtP transmission (if all the PtM MBMS services cannot be accommodated on a single frequency); and the "clustering" effect of UEs on a single target frequency, which results in a higher load of PtP traffic on that frequency.
For the reasons above we propose to agree on a service specific LCI.

B – Scenarios on the use of the LCI
If the UE subscribes 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.  In the following we analyse both the case in which the UE always uses the LCI info even if not interested in PtM service, and the case in which it uses the LCI info only if the user is interested in receiving the PtM transmission.
Always use the LCI info even if user is not interested in receiving PtM service
In this scenario the UE always uses the LCI information, e.g. target frequency and offset/indicator, regardless of the fact that the UE is actually interested in receiving the PtM MBMS service.  As soon as the LCI information is received (for any of the services the UE subscribes to
) the UE will act on it, and, it will likely re-select a cell on the preferred frequency.  
When the LCI information is not transmitted anymore (or when it becomes obsolete, in case time validity is part of the LCI info) the UE will revert to the R'99 cell reselection rules.
Pros

· UTRAN can easily predict the cell reselection behaviour of the UEs
Cons

· UEs may be forced to perform cell reselection even if not interested in the service
· If the LA/RA in the target frequency is different, the UE will also perform LU/RAU

· Unnecessary signalling

· All the UEs subscribed to PtM MBMS services would camp on the target frequency

· This would cause uneven PtP traffic across the frequencies, i.e. the target frequency (frequencies) of the MBMS service(s) would be more loaded for PtP traffic than other frequencies of the same operator

· System capacity is negatively affected

· If 90% of the UEs subscribe to MBMS services sent in PtM, 90% of the PtP traffic would have to be handled by the MBMS target frequency (frequencies).

· Severe capacity limitation, since the total system capacity would be limited by the capacity in one frequency and not by the total number of frequencies available to the operator
Use the LCI info only if the user is interested in receiving the PtM service

In this scenario the UE uses the LCI information only if the user is interested in receiving the PtM service.  As soon as the LCI information is received (for any of the services the UE subscribes to
) the UE will act on it only if the user is interested in receiving that particular service.  Only after the user has confirmed the interest, the UE will likely re-select a cell on the preferred frequency.  

When the LCI information is not transmitted anymore (or when it becomes obsolete, in case time validity is part of the LCI info) the UE will revert to the R'99 cell reselection rules.

Pros

· UE performs cell reselection only if it needs to receive the PtM content

· The possibility of performing LU/RAU is minimized
Cons

· UTRAN cannot easily predict the cell reselection behaviour of the UE

· The user preferences can (dynamically) change the cell reselection behaviour of the UE

Proposal on the use of the LCI

Also in this case the drawbacks of one of the options are so serious that we believe that it should be discarded.  In fact, the capacity limitations of the first option would only grow as the number of UEs subscribed to MBMS services grows, i.e. the first option is the less scalable of the two.
For the reasons above we propose to agree on the second option, i.e. the UE should Use the LCI info only if the user is interested in receiving the PtM service.

Part 2 – Additional open issues
We list below the additional open issues that were not discussed at the MBMS Ad Hoc:

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. 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. How should the LCI be transmitted?

An issue somehow related to the one described in the first part of this document 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

In the first part of the document we analyze two issues:

A. Is the LCI different for every service, or is it common for all MBMS services?

B. When should the UE act on the Layer Convergence Information?

On the first issue (A), the disadvantages of the global LCI are so severe that they may greatly impair the benefits of PtM transmissions.  In fact, the system capacity is reduced by two distinct but concurrent factors: the higher use of PtP transmission (if all the PtM MBMS services cannot be accommodated on a single frequency); and the "clustering" effect of UEs on a single target frequency, which results in a higher load of PtP traffic on a single frequency.  For these reasons we propose to agree on a service specific LCI.
On the second issue (B), the capacity limitations resulting from the use of the LCI regardless of service preferences would grow significantly as the percentage of UEs subscribed to MBMS services grows, i.e. it would not be easy to scale this solution.  For this reason we propose to agree that the UE should use the LCI info only if the user is interested in receiving the PtM service.
In the second part of this document we analyse additional aspects of the 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.    Finally, the need to send the LCI information on all frequencies is raised and the possibility to send this information on the BCCH rather than on the MCCH is pointed out.
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