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1 Introduction

At RAN2#38, Vodafone presented [1], which proposed an improved mechanism to move UEs between frequency layers in order to enable a more efficient provision of MBMS in multi-layer environments. The proposed solution aimed at coping with the so-called non-co-located cells scenario, where cells belonging to different frequencies have different cell centres.

The proposed mechanism was felt too complicated by a number of companies and for this reason it was not agreed. However, for the co-located scenario, all companies agreed on the necessity of a simple mechanism to enable frequency-layer convergence of MBMS UEs. 

Vodafone would like to avoid any blocking situation for having this functionality, and so it has decided not to re-submit any enhancement the yet proposed mechanism. 

However since the current version of the TS 25.346 does not mention this agreed functionality, there is the need to capture some text in the specification. Therefore, it is necessary to capture the high-level mechanism in the stage 2. The detailed signalling solution can be discussed as part of the stage 3.

2 Different alternatives for layer convergence

2.1 General

In case of co-located cells belonging to different frequencies, there is the need to inform the UEs of the frequency where the MBMS content is going to be transmitted. When this information should be sent is analyzed after in the document. How it is sent (MCCH, SIB, etc.) is a stage-3 issue and will not be covered in the paper.

2.2 Possible solutions

Two possible indications can be sent to the MBMS interested UEs in order to “push” them onto a single frequency layer: the indication of the target frequency only or also an additional offset between the current frequency (if different from the target one) and the target one, to be applied in the current cell-reselection process.

The main advantage of using also an offset in addition to the target frequency is that it is much simpler to handle the case of slightly different radio conditions on the different frequencies. In case of bad radio conditions on the target frequency, if the offset is not sent the intended UE behaviour is not clear: 

· Should the UE come back to the original frequency (after a specified time)? 

· In this case, should it inform the network of this? 

The scenario is not so unlikely, since in case the operator implements a cell-tiering strategy on the different frequencies, causing relatively different load (and interference) levels on these frequencies, the radio conditions of two co-located cells may be quite different. Finally the extension of the concept to the 2G-3G case (but also to the different frequency bands!) is considered to be simple: in particular the different propagation conditions can be correctly taken into account.

Another advantage of using the Offset concept is that, in addition, a rough (even if non-optimal) handling of the non co-located scenario could be achieved. However, this would be an operator choice – and this would require the operator to carefully look at the actual coverage of the different frequency layers. 

By using the Offset concept only a small additional quantity has to be signalled to the UE from the network. Since this is a single value (in addition to the target frequency that in any case haves to be indicated) between the current frequency and the target one, the additional overload on the control channel that will carry the information can be considered almost negligible.

In conclusion, it is proposed to use the target frequency indication plus an offset between the current and the target frequency in order to implement the frequency layer convergence mechanism. 

3 MBMS Frequency layer convergence procedure.

Hereafter it is assumed to signal to the UE the target frequency indication in addition to an offset between the current frequency and the target frequency. In the following, for sake of clarity, we will refer to these two values as the Layer Convergence Information (LCI).

Two possible options can be considered on how to apply the frequency layer convergence mechanism: 

1) The LCI are almost always transmitted and all the UEs that have joined a particular service shall use them for the cell reselection. 

2)  The LCI is provided only at the session start, just before the reception of the session start notification from the UTRAN. From this point onwards, the UE will begin to follow Layer Convergence.

Option 1 seems quite undesirable for a number of reasons. First of all, a UE may be joined to some MBMS services, but since the activation time between the joined services may be very long (even days may pass between two consecutive MBMS service specific activation), this UE would always converge to the MBMS layer with higher probability that they will be redirected at non-MBMS call setup, if the operator plan to serve MBMS users on a different carrier. Moreover the UTRAN may not know that a service is available until the BM-SC has informed the RNC of the session start, and so it cannot set the correct offset value in the LCI.

Option 2 seems much more attractive. Normally the UTRAN would be able to set the offset only when the SESSION START message arrives from the CN, and thus not all the UEs camped on frequencies different from the target one start trying to reselecting the target frequency. During this time it is not safe for the RNC to send a notification (potentially with a counting procedure): it should wait until all the interested UEs have correctly reselected the new frequency or complete the procedure with a failure to have a reliable result. After notification of the Layer Convergence information, and then after this particular waiting time, the UTRAN could send a notification to the UEs, starting the counting procedure, potentially with different probability factor in different frequencies – which would allow to quickly detect the UEs unable to reselect the target frequency. Notice that in this case there is no need for the network to know the successfulness of the frequency reselection by the UE, since it may always know it with a (successive) counting procedure.

From the above analysis seems preferable to indicate the offset to the UEs once the session start message arrives from the CN. In order to indicate the MBMS UEs that the offset applies, a notification procedure may be used. 

In conclusion, it is proposed to indicate the offset to the UEs at the session start, before the first MBMS Notification (of the session start) is sent by the UTRAN. Then the UEs will try to reselect the target frequency performing a cell reselection procedure with the specific frequency offset. 

4 Proposal

Based on the above analysis it is proposed to add the following text to the TS 25.346

5.1.x
Frequency layer Convergence

Frequency Layer Convergence denotes the process where the UTRAN requests UEs to preferentially reselect to the frequency layer on which the MBMS service is intended to be transmitted.

The Frequency Layer Convergence procedure is performed at some point after the RNC receives the MBMS Session Start message from the CN. 

The RNC sends the “Layer Convergence Information” (LCI) – containing the target frequency and the offset to be applied for the reselection process on the [MCCH/SIB FFS]. At the same time, in order to inform the UEs interested to the session, it sends a Notification message to inform them of the LCI. The Notification message shall contain also the MBMS Service ID.

Upon reception of these values the MBMS Notification and the LCI, the UEs interested in the MBMS session shall perform a cell reselection procedure applying the received LCI. The LCI will apply until the end of the session, or in case of update from UTRAN. 

Note: in order to allow continuous Frequency Layer Convergence throughout the session, the LCI should be periodically sent on the [MCCH/SIB, FFS].
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