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Discussion and decision
1 Introduction

This contribution discusses a number of architectural aspects related to the use of MBMS in LTE. The main message of this paper is to avoid functionality that is may significantly complicate the eMBMS solution unless there is a clear need. This paper includes several specific proposals to limit complexity as well as a description of the resulting architecture.
2 Discussion
2.1 Introduction

It has been suggested that the MBMS solution for LTE needs to efficiently support a wide range of scenario’s comprising of a mixture of services with different service areas e.g. as illustrated by fig. 1 (to be updated). The eMBMS solution includes single and multi-cell transmissions, with SFN combining areas that may be service specific and semi-static in nature.
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Fig. 1 Coordination for services transmitted in restricted and changing service areas

Of particular interest is that, due to the use of the multi cell transmission, the E- MBMS architecture should include a coordination entity. In the multi-cell case, the above functionality will be located at least outside some of the involved ENBs. We assume that there will be a separate RAN entity/ functional grouping, handling both the control and user plane, which is referred to as the Multi-cell/multicast/ Coordination Entity (MCE). This paper does not discuss the actual allocation i.e. whether or not it is a separate physical node.

In this paper the E-MBMS architecture is discussed by considering the following functions:

· Service information distribution

· Service transmission control (service area/ transfer mode)

· Resource allocation, possibly using feedback

· Data synchronisation

2.2 Service information distribution

In order to reduce the signalling overhead, the distribution of service information may be optimised. MBMS service information may be provided in a limited area i.e. the part of the service area in which UEs are present that are interested in the service (as in UMTS). MBMS service information could be provided only at specific points in time i.e. only upon session start (as in GERAN).

Considering that:

· MBMS primarily tartets services in which by many UEs are interested e.g. Mobile TV. For such services, it is unlikely that there is not a single interested UE in a TA

· The UMTS approach requires the network to maintain some ‘UE-interest’ information (also referred to a ‘joining’ information, for multicast services), is generally considered to be (over)complicated

Our proposal is as follows:

P.1
Not to apply CN- assisted optimisations for the service information distribution (alike the Iu-joining in UMTS)
The proposal implies that neither the counting information used to decide transfer mode nor the p-t-p request is validated by the CN. The associated security threat is that a UE that is not authorised to receive the MBMS service may trigger p-t-m transmission when p-t-p transfer mode is more optimal and may request establishment of a p-t-p radio bearer.
Since the UE is unable to receive the MBMS service due to the application layer ciphering, the above threats fall in the category of ‘Denial of Service’. Since there are much easier DoS attacks e.g. RF jamming, the above is not considered a serious problem. Moreover, it may be possible to track the misuse assuming that a secure RRC connection is used (at least when receiving a p-t-p radio bearer).

2.3 Service transmission control (service area/ transfer mode)

The E-UTRAN may apply counting to decide the optimal transfer mode (p-t-m, p-t-p or none) for single cell MBMS transmissions. Likewise, the E-UTRAN may apply a counting procedure to determine the semi-static SFN area of a multi cell MBMS transmission.

SFN combining has a significant gain i.e. roughly a factor of 16 in terms of power. On the other hand, there is a cost in terms of resources i.e. resources are used/ reserved in more cells than needed to cover a particular area. Hence, our assumption is that single cell transmission is used for services that are really localised in nature e.g. local news, weather information, advertisements. Consequently, we do not foresee a use case of a service switching from single cell to multi-cell transmission or vice versa

P.2
There is no need to switch a service from single to multi-cell transmission or vice versa
Note
It is FFS to introduce feedback for multi-cell transmission to trigger re-transmission of a packet using single-cell transmission.

Dynamic control of SFN areas not only requires a (counting) mechanism to decide the service area, but also requires a feedback mechanism to decide the Modulation and Coding Scheme (MCS) and the transmission power. Moreover, dynamic SFN areas will complicate the resource allocation (see following section: unless the change of SFN area is restricted, it implies that multiple MCEs may be associated with an eNB). Hence, our preference is to avoid the dynamic control of SFN areas. This includes the SFN area control at session start used to facilitate network deployment (‘plug and play’). Whether this simplification is acceptable depends on the MBMS scenarios that we need to support.

P.3
Our preference is to avoid dynamic control of SFN areas i.e. to use statically configured SFN areas
2.4 Resource allocation
For multi-cell transmissions, coordination is required to ensure that the data contained in a given time frequency resource is the SFN combinable. This requires coordination of the radio configuration, the actual use/ allocation and synchronisation of the user data transmission. Multi cell transmission is assumed to be used both for the user data and the control plane signalling (i.e. the assumption is that there are no cell specific parameters, decided by the eNB, that need to be signalled to the UE).

The MCE controls the physical layer, it decides not only all parameters that are signalled to the UE i.e. the Modulation and Coding Scheme (MCS), CRC size, the scrambling code, the (common) pilot, the MIMO mode but also the other control parameters e.g. the power. The eNB performs the physical layer functions in accordance with the MCE- control.
As mentioned before, the actual radio resource use/ allocation needs to be aligned. The resource allocation algorithms are up to eNB and MCE implementation. However, the details of the eNB-MCE and possibly of an MCE-MCE interface need to be standardised i.e. the parameters exchanged across such interfaces.

The following figure shows an example of the PRB allocation coordination in a system with two MCEs. The PRBs allocated by each node are indicated by a different colour: green is used for PRBs allocated by MCE-1, blue is used for PRBs allocated by the eNB while brown is used for PRBs allocated by MCE-2.

[image: image2.emf] 

12 sub - carriers  

6 symbols  

PRB  


Fig. 2 Hierarchy in coordination for globally and locally provided services

Some considerations

· The allocations may cover a period in the order of tens of seconds (one or more modification periods) i.e. the scheduling is done well in advance and not a time critical operation
· For services using multi-cell transmission, the consequences of not providing a service in one of the cells affects a wider area. This suggests that the services provided by the MCE may be regarded as taking precedence over the services using single cell transmission

· eNB- MCE: One simple approach would be that the MCE dictates the PRBs needed for multi cell transmission and that the eNB only uses what remains. If the above is considered too rigid, a more advanced mechanism involving a priority based negotiation i.e. each service could have an associated Allocation Retention Priority (as used in UMTS)

· A mechanism is needed if services using single cell transmission may have a higher priority than some of the multi-cell transmissions. In such a case the eNB should have the option to reject (part of) the resource request from the MCE
· The eNB could apply separate resources for high priority MBMS services using single cell transmission i.e. resources that are never allocated by the MCE

· In case there is negotiation between eNB and MCE, there may be a need for multiple iterations. If some of the eNBs reject the request, the ‘gap’ may have to be compensated by other eNBs

· MCE- MCE: There may be a need to support a solution in which a geographical area is covered by more than one MCEs e.g. for redundancy reasons. In such a case, a mechanism involving a priority based negotiation seems needed since the nodes are on equal terms
· The negotiation procedure need not be at the level of individual services i.e. services with the same priority could be aggregated (so the request just indicates amount of resources and priority)

Note 1
The ARP value is assumed to be provided by the BM-SC. It may be beneficial to also reflect additional information only available to the MCE in the ARP e.g. the number of UEs that are actually interested to receive the service

Note 2
From a UE DRX perspective, it is beneficial to allocate all MBMS services in adjacent PRBs

The following figure shows a possible example of the interaction between the MCE and eNB, with the dotted lines indicating the negotiation procedure that may not be needed.
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Fig. 3 Example of resource allocation between the MCE and eNB
The analysis in this section illustrates that resource allocation procedures may become complicated. We feel that dynamic SFN areas, the use of multiple MCEs and the use of eNB- MCE negotiation contribute to this and hence we propose the following:

P.4
There is only one MCE associated with an eNB (i.e. redundancy is less critical for MBMS and can be provided otherwise)

P.5
There is no negotiation between MCE and eNB i.e. the eNB can not reject a resource request from the MCE (it is possible to configure via O&M a limit to the resources that the MCE may allocate and to use separate resources for high priority MBMS services using single cell transmission)
2.5 Data synchronisation

Clause 11.4 of 25.813 describes the synchronisation requirements of E-MBMS. One of the main issues is the nature and organisation of the user data that is exchanged between the MCE and the eNB. There seem to be two main options:
· The MCE does not touch the user data, but provides rules ensuring that each eNB places the same content in the PRBs that are transmitted at the same time

· The MCE pre-processes the user data and provides it in a format closely reflecting the PRB allocation. In this case the rules for how the eNB should handle the date would be simpler
Regardless of the approach adopted, control information needs to be provided with each user data packet to indicate the mapping to specific PRBs within a frame transmitted at a particular absolute time instance.

· If it is possible to maintain the close synchronisation requirements that are needed for multi-cell transmission, it should be possible to align the radio frame numbering i.e. the BFN. As a result, the BFN can be used as a common absolute time reference
· In addition to the above, some additional information needs to be provided to identify the actual PRBs within the radio frame. The actual identification/ PRB numbering may refer to a structure agreed at resource allocation time
In the following an example is shown of a solution with the following characteristics:

· L2/3 functions and L1 control are in the MCE
· L1 functions are in the eNB e.g. the actual encoding

· The interface between eNB and MCE comprises of transport channels, with a TB set exchanged every TTI i.e. as defined in 25.302

· In case feedback is used, a separate TrCh may be employed for each feedback controlled service

· The resource allocation assigned by the MCE is specified in terms of a number of occurrences of sets of consecutive PRBs within a scheduling period that comprises a substantial duration e.g. 10s

The following figure shows a possible resource allocation with the following characteristics

· Each TrCh maps to a number of PRBs, which are identified within the unit of a radio frame
· The allocation of each TrCh may be repeated a number of times within the unit of a multi-frame/ scheduling period
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Fig. 4 Hierarchy in coordination for globally and locally provided services

P.6
The MCE includes radio functionally: L2/3 as well as L1 control i.e. the interface between MCE and eNB comprises of transport channels and L1 control

2.6 Summary of eMBMS architecture

The following figure illustrates the proposed eMBMS architecture, in which the unicast and multicast operations are to a large extend independent i.e. the MME and UPE are not involved in the multicast operation.
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Fig. 5 Assumed eMBMS architecture for mixed (left) and for dedicated eNBs (right)
Some further notes/ considerations:

· There will not be an MBMS PDP context as we have in UMTS. However, at present there does not seem to be a real need for this (i.e. we will not use an NSAPI but only an MBMS service identity)
· In case unicast paging information is provided on the carrier dedicated to multicast and/ or multicast notification on the carrier dedicated to unicast traffic additional interfaces are needed

· The use of feedback for multi-cell transmission to trigger re-transmission of a packet using single-cell transmission (FFS) requires additional interactions between eNB and MCE. The implications are somewhat dependent on the unit of retransmission
3 Conclusion & recommendation
In this contribution we have analysed architectural aspects of the use of MBMS in LTE. Based on this, we suggest RAN3 to consider the following proposals:

1. No CN- assisted optimisations for the service information distribution (alike the Iu-joining in UMTS)

2. No need to switch a service from single to multi-cell transmission or vice versa
3. Our preference is to avoid dynamic control of SFN areas i.e. to use statically configured SFN areas
4. There is only one MCE associated with an eNB

5. There is no resource negotiation between MCE and eNB i.e. the MCE dictates/ the eNB can not reject a request from the MCE

6. The MCE includes the L2/3 and L1 control radio functionally: i.e. the interface between MCE and eNB comprises of transport channels and L1 control

If RAN3 agrees the above proposals, Samsung will be happy to prepare a text proposal for capturing this in the RAN3 TR.
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