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1
Introduction

At WG2#58bis there was extensive discussion of MCCH architecture and transmission modes but no conclusions were made. Further inputs relating to scenarios and their consequences for MCCH transmission were invited. This Tdoc examines possible scenarios and concludes that:

In the general case, the MCCH structure in a cell should contain a primary MCCH, which can be a single-cell MCCH, transmitted on DL-SCH or a multi-cell MCCH, transmitted on MCH, and either none, one or more than one, secondary, multi-cell MCCH transmitted on MCH. The primary MCCH, whose location is indicated on BCCH, identifies the existence and location of the secondary multi-cell MCCH. The particular combination of MCCH instances used in a cell is implementation specific.

2
Discussion

2.1
Scope of the term MCCH

Deciding on a preferred MCCH structure for a cell in LTE appears to be difficult. Perhaps a significant factor in this is the desire to exploit the efficiency of multi-cell transmission of MBMS control information combined with the possibility of cells supporting disjoint but overlapping MBSFN areas. Another factor is that the content of MCCH has not yet been evaluated so that the cost of mapping particular information to particular MCCH instances is not known. 

So far, only one MBMS control channel, MCCH, has been identified for LTE. We suggested that MBMS control information may form two groups:

1. Information relating to notification and access to services that changes relatively slowly e.g. within a period that is similar to a UMTS modification period or counting access information period. In UMTS information of this type is transmitted on MCCH. 

2. Service/ service group related dynamic scheduling/ DRx information that may change with a period that is much shorter than a modification period e.g. a scheduling period. In UMTS similar information can be transmitted on MSCH.

Because only one MBMS control channel, MCCH, has, so far, been identified for LTE it is clarified that the MCCH control channels discussed here relate to information of type 1, somewhat equivalent to the UMTS MCCH. It is further assumed that MCCH is transmitted periodically and can be modified only on modification period boundaries, counting control parameters excepted. 

It is possible that further study of LTE MBMS may conclude that cells can also contain additional control channels relating to information of the type described in 2. These could be closely coupled with MTCH or MTCH groups, e.g. by time multiplexing, on MCH. These are not considered here but are discussed in [1].

2.2
Single and multi-cell transmission of MCCH

The MCCH control channel can be transmitted as single-cell on DL-SCH or as multi-cell on MCH. Each mode has distinct characteristics:

Single-cell MCCH:

· It is the only mechanism suitable for transmitting control information relating to MTCH transmitted as single-cell. It is also, perhaps, the only mechanism suitable for the control of counting although this is not yet clear for the case of counting relating to multi-cell transmission.  It can also transmit information relating to MTCH transmitted as multi-cell. Where information relates to multi-cell transmission it is anticipated that the eNB will be requested to transmit the information by an external function.

· The transmission cost of single-cell transmission can be high relative to multi-cell transmission if high reliability to the cell edge is intended. The capacity of single-cell MCCH may therefore be limited.

Multi-cell MCCH:

· Multi-cell MCCH can only convey information relating to services that are transmitted in the same MBSFN area as the multi-cell MCCH, except for the case where the MBSFN area of the multi-cell MCCH is wholly contained within another MBSFN area for which reports are made (see Annex 2). A multi-cell MCCH can, in principle, be transmitted in only one cell in which case the difference with single-cell transmission lies solely in the physical resources used to transmit it.

· It has been decided (WG2#58bis) that RRC terminates in the eNB. Consequently, it must be possible for each eNB in the MBSFN area to form identical multi-cell MCCH transport blocks, from information provided by external functions e.g. MCE, O&M or aGW.

· Multi-cell transmission can be significantly more efficient than single-cell transmission. This is illustrated by the simulation results described in Annex 1. The gains are a function of cell separation e.g. 12.2dB (98% coverage point) at 1000m ISD and 3.4dB (98%) at 5000m. Coverage can be similar to that of associated multi-cell MTCH.

Because of the increased efficiency of multi-cell transmission it is tempting to try to transmit at least some MBMS control information in this form. In the study phase, the concept of a cell containing multiple MCCH including both single-cell MCCH and multiple multi-cell MCCH was agreed and captured in [2]. There are, however, some consequences from such an approach:

If a cell contains several overlapping but non-identical MBSFN areas and, if each is assigned its own multi-cell MCCH then, overall MCCH content could become fragmented resulting in complexity for a UE to detect the information that it requires. In some cases the number of services supported in an MBSFN area may be low and in such cases it may be better not to implement a multi-cell MCCH for the MBSFN area and include its control information in a single-cell MCCH. Furthermore, for UE efficiency (battery cost) in obtaining certain classes of information e.g. session start indication, it may be desirable if these classes of information can be mapped to a single point of access e.g. a primary MCCH which could be single-cell or, in the case of scenarios of the form illustrated in Annex 2, multi-cell. The MCCH structure can therefore be viewed as hierarchical with a primary and none, one or more than one secondary MCCH.

For these reasons it is proposed that:

The combination of a single-cell MCCH and/or multi-cell MCCH present in a cell is implementation specific.

It should be possible to selectively map MBMS control information elements relating to services transmitted as multi-cell on MCH to either the primary MCCH or to a secondary MCCH transmitted in the same MBSFN area as the service. 
It is anticipated that the configuration of MCCH instances in a cell will be defined by an external function e.g. MCE or O&M. An external function will also define the MCH resources that are to be used for the transmission of each multi-cell MCCH. Furthermore, it is anticipated that control information relating to services transmitted on MCH will be provided to eNB by external functions e.g. MCE, O&M or MBMS aGW-CP and these functions will identify the MCCH on which it is to be transmitted. Stage 3 work relating to MCCH message/ information element structure may need to take account of the flexible mapping of information between MCCH instances and the need to produce identical transport blocks for multi-cell MCCH.

Should there be multiple MCCH present within a cell a UE must be able to identify their presence and location and ideally which it should receive for particular tasks e.g. session start indication. Two mechanisms appear to be possible, listing on BCCH and listing on a primary, MCCH. 

It is suggested that both solutions are practical and possibly are not too different in cell load if the BCCH repetition period is not too different from a modification period. Should the number MCCH change frequently it may be preferable to use a primary MCCH because revision would avoid modification of the BCCH. Identification on the primary MCCH may also offer better options for identifying the information that the secondary multi-cell MCCHs convey e.g. a list of ongoing services could direct a UE to a multi-cell MCCH.

For these reasons it is proposed that:

Where secondary MCCH are present in a cell their existence and location is identifiable from the primary MCCH. The location of the primary MCCH is identified on BCCH.

2.3
MBMS Transmission Scenarios

The following combinations of single and multi-cell scenarios are identified as being possible for a cell:

1. The cell only contains MBMS services that are transmitted as single cell.

2. The cell only contains MBMS services that are transmitted as multi-cell. All services have the same MBSFN area. This is seen as a very likely scenario for a dedicated MBMS carrier.

3. The cell only contains MBMS services that are transmitted as multi-cell. Services or groups of services have different MBSFN areas that overlap in the cell. Also this is a likely case considering dedicated MBMS carrier deployment.

4. 2 combined with services that are transmitted as single-cell.

5. 3 combined with services that are transmitted as single-cell.

To enable single-cell counting, single-cell control signalling is required. For counting relating to multi-cell transmission the situation is less clear. Although UE responses are cell specific as will be the evaluation of the response, the control signalling may not need to be cell specific e.g. indication that counting is to take place, the signature to be used and possibly the cell(s) to which it applies could, in principle, be signalled on multi-cell MCCH, however, multi-cell counting is still an open issue and decisions made relating to MBSFN counting may make a single-cell MCCH a requirement. For this reason it is not concluded that counting for multi-cell services will require a single-cell MCCH although this may turn out to be the case.

Scenario 1: Clearly a single-cell MCCH is the only requirement.

Scenario 2:  A single multi-cell MCCH should be able to support this scenario. If a single-cell MCCH were also to be mandated as a primary MCCH then, in principle all it might convey is the location of the multi-cell MCCH. A two-step access procedure would be required when it is not needed. 

Scenario 3: The MCCH combinations that would be possible in this case will depend upon how the MBSFN areas overlap in the cell. A number of combinations are possible:

a) The MBSFN areas may form an overlay structure such as that shown in Annex 2 figure 1.  In this case the smaller MBSFN areas could contain primary MCCH that indicated the location of the MCCH of the umbrella MBSFN and contain information relating to its services e.g. session starts. In this case the primary MCCH could be multi-cell.

b) The MBSFN areas may overlap in a more fragmentary way, possibly only overlapping in one cell, in the manner illustrated in Annex 2 figure 2. In this case one solution would be to create a single-cell MCCH, transmitted on DL-SCH, to identify the locations of the secondary, multi-cell MCCH and convey some or all multi-cell control information e.g. session starts. Alternatively, a multi-cell primary MCCH, transmitting on MCH but in a single-cell could be configured. It is suggested that this would be a matter for implementation.

Scenarios 4 and 5: These scenarios require a single-cell MCCH by default and therefore its use as the primary MCCH seems to be appropriate.

To enable progress towards stage 3 MCCH message definition it is necessary to have a model of the MCCH structure in a cell. Taking account of the scenarios listed above, it appears that the most suitable general model of MCCH structure in cell consists of:

A primary MCCH, transmitted either as single-cell on DL-SCH, or as multi-cell on MCH, together with none, one or more than one multi-cell MCCH, transmitted on MCH. The location of the primary MCCH is identified on BCCH, the existence and location of the multi-cell secondary MCCH is identified on the primary MCCH.

3
Conclusion

Following a review of MCCH structure in the LTE environment that contains single-cell and multi-cell MTCH transmissions the following proposals have been made:

P1:
The combination of a single-cell MCCH and/or multi-cell MCCH present in a cell is implementation specific.

P2:
It should be possible to selectively map MBMS control information elements relating to services transmitted as multi-cell on MCH to either the primary MCCH or to a secondary MCCH transmitted in the same MBSFN area as the service. 
P3:
The MCCH structure in a cell should consist of a primary MCCH, transmitted either as single-cell on DL-SCH, or as multi-cell on MCH, together with none, one or more than one multi-cell MCCH, transmitted on MCH. The location of the primary MCCH is identified on BCCH, the existence and location of the multi-cell secondary MCCH is identified on the primary MCCH.

It is proposed that these should be captured in [3]
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Annex 1

The following figure and tables indicate some examples of potential MBSFN gain vs. single-cell transmission simulations for different inter-site distances (ISD) based on a 19 cell MBSFN area. The basic simulation assumptions 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. 
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Figure 1: Single-cell vs MBSFN SINR distributions for different ISD:s.

Table 1: MBSFN 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: MBSFN 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


Annex 2

The following figure illustrates a scenario where MBSFN areas are wholly contained within the area covered by a second MBSFN area. It is proposed that multi-cell primary MCCH in areas ID1, 2, 3 could transmit control data both for their own MBSFN area and for area ID4. Area ID4 could contain a secondary MCCH, e.g. conveying all control information for ID4 except for, say, session start. The existence and location of the secondary MCCH can be indicated in the MCCH transmitted in areas ID1, 2, 3.
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Figure 1: 
An illustration of a hierarchical MBFSFN area structure in which multi-cell primary MCCHs could be deployed.
The following figure illustrates a multi MBSFN area cell configuration in which the MBSFN area overlap
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Figure 2: 
An illustration of a hierarchical MBFSFN area structure in which a single-cell primary MCCH could be deployed.
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