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1. Introduction

So far there has been limited discussion of MBMS control signalling and currently little control related information captured in [1]. This Tdoc attempts to identify some of the issues involved and proposes that these issues be discussed with the intention of capturing any conclusions that can be made in [1].

2. Discussion

It is possible that the way in which MBMS services are provided in E-UTRAN will be similar to the way in which they are provided in UTRAN. A cell may be required to transmit services that are continuous, e.g. mobile TV, or transient e.g. download and play. The transmissions may be made in a dedicated or mixed layer cell and by multi-cell or single cell formats. UEs that have particular services activated will receive MBMS DL control signalling to identify when services are available and how they can be received.

2.1 Use cases for DL MBMS control signalling

Based on UMTS R6 and the assumptions made above, for the purposes of enabling discussion it is assumed here that E-UTRAN MBMS DL control signalling may be received by UEs for the following reasons to obtain the indicated information:

For UEs powering up or performing a cell change:

· Identification of the services that are currently available in the cell or on a preferred layer (if adopted). 

For UEs with transient MBMS services activated when camped in a cell:

· Indications of session start.

For UEs intending to receive a service following cell entry or session start indication:

· Whether the service can be received with/ without reference to the network e.g. ptp or ptm, counting or some other form of E-UTRAN registration and whether the service is available on a preferred frequency layer (if adopted)

· Parameters required to receive the service e.g. ptm bearer configuration and physical resources. Parameters relating to any feedback mechanism (if adopted).

For UEs that are receiving a service by ptm transmission:

· Scheduling/ DRx information; session stop indication,

· Indication of parameter change and revised parameters,

· Recounting control (if adopted) and changes to feedback (if adopted).

2.2 Information content of MBMS DL control signalling

Based on the use cases identified in 2.1 it is concluded that MCCH (currently the only control channel identified for E-UTRAN MBMS) may be required to transmit the following:

Access to a service:

· Indications of service/session identities for session starts,

· Indications of service/ session identities for ongoing sessions,

· Bearer and physical layer parameters associated with ongoing or starting ptm services,

· Counting control parameters (if required).

Reception of a service:

· Scheduling/ DRx,

· Session stop,

· Reconfiguration indication and reconfigured parameters,

· Recounting indication and parameters and changes to feedback criteria and parameters.

A significant omission from the above, when compared to UMTS R6, is neighbour cell information. If multi-cell transmission (SFN) is the only method that is used for reinforcing reception quality in E-UTRAN then it could be concluded that there is no requirement for neighbour cell information reporting. 

2.3 SFN and non-SFN MBMS cell combnations

One highly significant attribute of E-UTRAN MBMS is multi-cell (SFN) transmission, which can provide quality and/or capacity gains relative to single cell (non-SFN) transmission. As a consequence there has been interest in using the SFN transmission mechanism for control information relating to services transmitted as multi-cell and [2] already indicates that a cell may have separate MCCHs for its SFN and non-SFN transmissions.

One issue relating to multi-cell MCCH is that it could introduce complexity to the MBMS control structure within a cell. A number of combinations of single-cell and multi-cell MBMS transmissions can potentially exist within a cell i.e. a cell could have:

· No MBMS transmissions,

· Single cell MBMS transmissions scheduled and resource assigned by the eNB,

· Multi-cell transmissions scheduled and resource assigned by a central function (MCE), with either:

· All services having identical SFN areas and controlled by the same control entity,

· Several groups of services with each group having overlapping but non-identical SFN areas,

· A combination of multi-cell and single-cell transmissions.

Given that an SFN MCCH can only be transmitted within the service area to which it relates, there exists the possibility that some cells would contain more than one multi-cell MCCH and also, potentially, a cell specific MCCH representing at least any single cell transmissions. This is illustrated in figure 1. For example, the cells containing A, B, m and C, B, y would each have two multi-cell MCCH and one cell-specific MCCH with one multi-cell MCCH in common.
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Figure 1: Illustration of potential SFN and non-SFN service combinations.

Consequently, should the principle of transmitting, at least some part of MBMS control information on SFN MCCH be adopted, it is likely that a mechanism will be required that allows a UE to identify the existence and location of the multiple MCCH (possibly multiple SFN and cell specific) and which ones it should receive in connection with the services that it is interested in (session start and/or ongoing) or receiving. 

A second issue relating to SFN MCCH is the selection and formatting of MCCH content. The cell-specific MCCH content can be formed by the eNB but for multi-cell MCCH the situation is more complex, either the content is formatted by the MBMS central function or a method is found that enables each eNB in the SFN area to format independently identical MCCH transmissions. A central function would be required to transmit separate multi-cell MCCH for each group of services whose SFN areas do not totally overlap.

A third issue is what information could be mapped to the multi-cell MCCH and what to the cell specific MCCH. 
2.4 UE battery saving

Should there be several MCCH existing in a cell and the UE is not able to identify which will carry the session start indications for the services that it requires, e.g. if it does not know whether they will be transmitted by single or multi-cell methods, then it may be required to periodically receive each of the available MCCH with consequent battery costs. The absence of a MICH implies that the UE would need to receive at least the equivalent of the R6 MBMS Modified Services Information message.

To avoid this cost it may be desirable that session starts are mapped to a single 'reference' MCCH. In many MBMS cell configurations this MCCH would, of necessity, be transmitted as single-cell e.g. where the cell contains single-cell and multi-cell MTCH or where all transmissions are multi-cell but with more than one SFN area. In some circumstances multi-cell transmission of the 'reference' MCCH may be possible e.g. where all MTCH are multi-cell with a common SFN area.

The transmission of ongoing service identities and parameters are likely to be accessed only on cell entry or power-on and therefore the battery cost of distributing these amongst a number of MCCH may not be as significant.

2.5 Associating control information with MCCH instances
Where there is a use of more than one MCCH within a cell, there is an issue regarding what information should be mapped to each instance. Whilst the content of LTE control is currently unknown the following simple review is made.

Session start:

As has been suggested above, indication of session start may benefit from being mapped to a single ‘reference’ MCCH. Related information such as counting for session start and preferred layer indication could also be included here. Session start is assumed here to be TMGI, parameters required for reception could be as for ongoing services. 

Whilst in many scenarios it could be expected that such a ‘reference’ MCCH would be single-cell formatted by the eNB it is possible to identify circumstances where it could be multi-cell, specifically where all MTCH are multi-cell with a common service area. In this configuration counting for session start may not be possible e.g. if cell specific control of counting is required.

Ongoing service information:

By this is meant the TMGI of ongoing services, whether they are available on request (ptp) or ptm, preferred layer indication, bearer and physical layer parameters.

Since a greater overhead in receiving these parameters may be acceptable it is possible to envisage a number of mappings:

· All mapped to a ‘reference’ MCCH

· Split between single-cell and one or more multi-cell MCCH according to MTCH transmission mode and SFN area.

Where information is mapped to single-cell ‘reference’ MCCH it may be possible to economise on MCCH broadcast load by, for example, transmitting only the TMGI and limited additional information and requiring UEs to request the remaining information.

In the case of multi-cell transmission it is possible that formatting of the MCCH by the central node may need to be taken into account. This may be appropriate, for example, where the central node controls the mapping of services to a block of radio resources. 

Information relating to services being received:

This is assumed to encompass scheduling/DRx information, session stop; indication of reconfiguration (possibly with reconfiguration parameters) and, possibly, indication of recounting. 

One potential method of transmitting this information, should it be required, could be an associated control channel in a similar in concept to R6 MSCH, possibly per service or per group of services that share a common SFN area. Recounting parameters may have to be transmitted on a cell specific ‘reference’ MCCH.

 Feedback Control:

Should feedback be supported within LTE MBMS then it is assumed that feedback control would be cell specific and that any parameters would be transmitted on a cell specific MCCH or requested from the eNB.

It is assumed in the above that MCCH will be transmitted periodically and revised only on time boundaries, in a similar way to R6.

2.6 Potential MBMS control channel combinations

From the above a number of potential MCCH scenarios can be envisaged.

a. MBMS control information could be transmitted as a single, single-cell MCCH.  

b. MBMS control information could in, special circumstances, be transmitted as a single, multi-cell, MCCH.

c. A single-cell or multi-cell ‘reference’ MCCH is combined with single-cell and/or multi-cell service group specific scheduling (MSCH like) channels.

d. A single-cell ‘reference’ MCCH is combined with one or more multi-cell, service group specific MCCH carrying information such as ongoing services. MSCH like channels may also exist in parallel.

Whether it is worthwhile to introduce the complexity of multiple MCCH must depend upon the capacity gain from transmitting in SFN mode relative to single cell transmission. Mapping all control data to a single, cell specific, MCCH trades simplicity against the overhead of transmitting in single-cell format. Minimising the quantity of information that has to be transmitted in broadcast mode may help reduce the potential cost. It is also not certain, how well the coverage of multicell MTCH and single-cell MCCH would match. In some cases the service coverage might become limited by MCCH single-cell transmission.

Some examples of potential MBSFN gain vs. single-cell transmission simulations are shown in Figure 1 for different inter-site distances (ISD). The basic simulation assumption are indicated on the figure. Numeric results are indicated in Table 1 and Table 2 below. Considering e.g. an example of 95% coverage point and 1732m ISD the gain seems 5.8 dB, which is rather significant. Otherwise the observed gains vary between 3.4 dB and 23 dB in the examined cases. To verify these results, advice from RAN1 should be sought to aid the decision of whether multi-cell operation should be supported on MCCH.
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Figure 1: Single-cell vs MBSFN gain for different ISD:s.
Table 1: SFN gain at 98% coverage point

	ISD (m)
	500
	1000
	1732
	3000
	5000

	SFN gain (dB)
	21.6
	10.6
	5.00
	3.80
	3.60


Table 2: SFN gain at 95% coverage point

	ISD (m)
	500
	1000
	1732
	3000
	5000

	SFN gain (dB)
	23.0
	12.2
	5.80
	3.60
	3.40


Mapping information to multiple MCCH requires that a UE can identify the existence and location of each MCCH. Transmission of their location on the BCCH or on a reference MCCH with the location of the reference MCCH indicated on the BCCH are possibilities. Because of the potentially large number of combinations and the fact that in some circumstances it may be efficient to use multi-cell MCCH and in others not some flexibility in data mapping may be necessary e.g. ongoing service Ids on either single or multi-cell MCCH.

3.
Conclusions

Some issues relating to MBMS control in LTE have been identified, it is proposed that RAN2 should discuss these with the intention of identifying if any working assumptions can be concluded to progress stage 2 work. For example:

· Can use cases for MBMS control be identified,

· Can the data to be used for MBMS control be identified,

· Can a role for an MSCH like channel be identified?

Additionally RAN1 should be consulted on the gain of multi-cell transmission for MCCH. Provided that the MBSFN gain appears significant enough, multi-cell transmission of MCCH and support of multiple MCCH;s per cell should be considered.
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