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1 Introduction
In RAN1#46 it was recognised that considerable improvements to the spectral efficiency of release 6 MBMS could be attained by employing a so called single-frequency network (SFN) approach to the transmission of broadcast and / or multicast MBMS channels [1,2].  With this approach, identical waveforms containing MBMS content are transmitted simultaneously from multiple cell sites within the network.  I.e. as opposed to each cell site employing cell-specific scrambling codes, a common scrambling code is employed across multiple cells.  Consequently, a receiver may be able to treat signals from other cell sites as additional intra-cell interference, which can be equalised in the normal manner for multipath channels, as opposed to inter-cell interference.  The result is an improvement in C/I observed at the receiver and hence an increased throughput and spectral efficiency.  The increased spectral efficiencies observed in [1,2] lead to the system being code limited as opposed to interference limited, and as such in order to fully realise the potential gains of employing an SFN architecture it was suggested that 16QAM modulation may be employed for the MBMS physical channels, i.e. the S-CCPCH.
In RAN#33 it was clarified that such improvements to the spectral efficiency of release 6 MBMS should be captured as part of the ongoing feasibility study on improvements of MBMS [3].  In this document we attempt to list the important design considerations or requirements for any enhancement to release 6 MBMS that employs a SFN physical layer for the transmission of the MBMS physical channels.  
2 Design considerations for SFN enhancements to MBMS operation
In this section we list some key design considerations for an enhanced release 6 MBMS physical layer employing an SFN transmission scheme:
· Configuration of a common scrambling code;
· To support SFN operation, it needs to be possible to assign (via higher layer signalling) a common scrambling code to be used by the Node-B and UE for SFN-MBMS-related transmissions.  A separate (cell-specific) scrambling code would be assigned for non-SFN-MBMS transmissions in the usual manner.  
· Base site synchronisation;

· It is important that all cells participating in an SFN transmit identical signals at identical instants in time in order to minimise the differential delays encountered within the network.  This reduces the delay spread that a UE is required to cope with to tractable levels that can be accommodated with equaliser type receivers.
· Receiver support for sufficient delay spread (≥ 128 chips or 33μs);
· In a synchronous SFN network, i.e. where all S-CCPCH signals are transmitted at identical time instants, it is important that the receiver is able to cope with levels of delay spread typically encountered.  As an example we observe that for the scenario II [1], i.e. a homogeneous network with an inter-site distance of 2.5km and LTE case 2 parameters, that 99% of the useable received signal paths (paths falling within a 20dB dynamic range of the total received signal) occur within a relative distance window of approximately 8km or 27μs, Figure 1.  This will obviously increase further if a large inter-site distance is employed, the shadowing variance is worsened or the network is non-homogeneous.  Thus we recommend that as a minimum the receiver is able to cope with multipath delay spreads of 128 chips or 33μs.
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Figure 1.  Relative distance CDF for macrocell scenario II.

· Efficient support for UE discontinuous reception (DRX);

· It is expected that typical viewing times for high quality MBMS services, such as envisaged with SFN transmission of broadcast or multicast channels, will surpass the duration of current mobile phone conversations.  As such, the power consumption of the UE is likely to be a key requirement for the successful introduction of SFN transmission of MBMS channels.  In order to facilitate low power consumption at the UE it is desirable to have the receiver circuitry switched on for as short a time as possible, Figure 2.  A similar philosophy has been adopted in DVB-H through the process of time slicing. It is key that 3GPP technologies can at least match if not exceed those technologies that have been designed specifically to compete in the same market space as 3GPP.  
· Furthermore, it is considered important that the periods when the UE is receiving transmissions are as evenly spaced in time as possible in order maximise the diversity gains provided by interleaving during the transmission time interval (TTI).  This is especially important when the UE velocity is low.

· The DRX technique should not unduly increase buffering needs at the Node-B.  This also points towards a short DRX duty cycle. 
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Figure 2.  Efficient UE discontinuous reception.
· Receiver support for suitable equaliser technology;
· With the introduction of SFN transmission, much of the inter-cell interference experienced in a conventional reuse network is effectively converted to intra-cell interference.  Thus, the UE sees a single transmission that has been through a multipath propagation channel, Figure 2.  It is likely that in SFN operation the number of multipath channel taps experienced will be significant and the spread of these multipath taps through the receiver window will be varied.  In order to derive all the potential gains from an SFN transmission scheme the UE receiver must be able to capture all of the available energy within the receiver window and equalise this to restore the underlying orthogonality of the intra-cell OVSF channelisation codes.
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Figure 3.  SFN effective multipath channel concept.

· Backwards compatibility with the existing UTRA physical layer architectures in existing spectral assignments;
· Accommodation of legacy UEs in existing spectral assignments is an obvious key requirement.  That is, the introduction of new features for UTRA is always additional and complimentary to resident features, Figure 4.  At least for TDD spectral assignments this leads to a requirement to support both unicast and multicast services on the same carrier.  Services used by legacy UEs include those of unicast data, voice and Rel-6-MBMS type.  The possibility to preserve provision of these services will need to be retained when any MBMS SFN service is introduced.  It is also clear that the performance of legacy services should not be affected.  Seamless backwards compatibility with existing UTRA services is required.
· Flexibility of resource partitioning between unicast and MBMS SFN transmissions;
· From an operators perspective the ability to vary the resources and bandwidth assigned to various services provides the ultimate flexibility in terms of optimising their spectrum asset over time.  This allows for an optimal balance to be struck in terms of the capacity assigned to unicast and broadcast/multicast services depending on long term or even short term demand, Figure 4.  
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Figure 4.  Backwards compatibility and flexible partitioning with MBMS SFN transmissions.
· Forwards compatibility with e-MBMS;

· As part of the ongoing enhancements to UTRA, the long-term evolution (LTE) of the RAN is being studied and specified [4].  This includes an enhanced MBMS physical layer and in particular SFN transmission concepts are being considered for broadcast and multicast channels due to their high spectral efficiency.  It is thus considered beneficial that a carrier employed to provide enhanced release 6 MBMS broadcast/multicast channels via an SFN delivery mechanism is capable of being forward upgradeable, i.e. operating simultaneously with, to enhanced MBMS (e-MBMS). 
· Support for higher order modulation schemes on S-CCPCH;

· As observed in the input documents to RAN1#46 [1,2], the high spectral efficiency of the SFN delivery method leads to scenarios where release 6 MBMS physical channels can become code limited.  It is thus considered important to fully utilise the potential gains available with SFN transmission by allowing higher order modulation schemes to be used for the S-CCPCH.  In particular, it has been suggested [1,2] that 16QAM should be considered for the S-CCPCH.
· Minimisation of required signalling;

· With the introduction of some enhancements, all be they minor, to the physical layer of release 6 MBMS there is likely to be the requirement of some additional signalling.  For instance the UE needs to be informed of the physical resources that the MBMS SFN channels occupy and the SFN cell ID for instance.  However, it is desirable to keep any such signalling to a minimum in order to have the least possible effect on overhead and specifications.
· Support for UE receive diversity;
· As outlined previously, inter-cell interference is considerably reduced in an SFN transmission environment.  This often leads the system to become noise-limited.  In this situation, receive diversity at the UE can provide very useful performance improvements.  In order to allow for appropriate service and coverage dimensioning it is thought that it would be useful to specify that all SFN enabled UEs support 2-branch receive diversity. 

3 Conclusions
Given the interest in enhancing the release 6 MBMS performance via the employment of a so-called single-frequency network (SFN) for broadcast and multicast transmissions, this document attempts to capture some key design considerations for any SFN implementation.  The design considerations are detailed above with some explanatory descriptions and are captured in a text proposal for the MBMS enhancements TR [3] below.
4 References
[1]
R1-062379, “Physical Layer Improvements for TDD MBMS”, IPWireless

[2]
R1-062268, “Dedicated MBMS Carrier Using Common Transmitted Waveforms”, Ericsson

[3]
TR 25.905 v0.0.2, “Feasibility study on improvement of the Multimedia Broadcast / Multicast Service (MBMS) in UTRAN”

[4]
TR 25.814, v7.1.0, “Physical layer aspects for evolved Universal Terrestrial Radio Access (UTRA)”
5 Text Proposals

It is proposed to capture the design requirements listed above for SFN enhancements to release 6 MBMS multicast and broadcast in TR25.905 through the following text proposal.

5.1 Text Proposal for TR25.905

<<<<<<<<<<<<<<<<<<<<<<<< START OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>>>>>

5.2 Common cell ID operation for MBMS (RAN 1) 

It has been identified in RAN WG1 that the use of a common cell ID, facilitating a so-called single-frequency network (SFN), leads to significant improvements in release 6 MBMS spectral efficiency.  In this transmission method, identical and closely time-synchronised signals are transmitted from multiple cells.  Delayed versions of the signal are observed at the receiver due to the multi-cell transmission.  These may be treated simply as multipath components and can be combined in the receiver a similar fashion as in existing UTRA receivers.  By doing so, intercell interference is transformed into useful signal energy and the distribution of C/I across the coverage area is improved.  This in turn leads to higher possible data rates for MBMS and higher spectral efficiencies.  In some situations the C/I improvements can be such that the system becomes code (rather than interference) limited.  As such, higher order modulations (e.g. 16-QAM) become applicable for MTCH transmission.  The main design considerations for any proposal implementing this physical layer architecture are:

· Configuration of a common scrambling code,

· Base site synchronisation,

· Receiver support for sufficient delay spread (≥ 128 chips or 33μs),

· Efficient support for UE discontinuous reception (DRX),

· Receiver support for suitable equaliser technology,

· Backwards compatibility with the existing UTRA physical layer architectures in existing spectral assignments,

· Flexibility of resource partitioning between unicast and MBMS SFN transmissions; 

· Forwards compatibility with e-MBMS,

· Support for higher order modulation schemes on S-CCPCH,

· Minimisation of required signalling,

· Support for UE receive diversity.

<<<<<<<<<<<<<<<<<<<<<<<< END OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>>>>>
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