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1 Introduction

Simulcast combining can bring significant coverage / throughput benefits for MBMS in TDD.  Unlike FDD however, macro diversity transmission has not been a component of the release 99/4/5 TDD specifications and TDD receivers are normally designed to receive only one radio link.  This document discusses the complexity impacts of simulcast support for TDD MBMS from both UTRAN and UE perspectives.
2 UTRAN Impacts

As discussed in [1], significant complexity savings for the detection/demodulation part of the UE receiver may be afforded by combining simulcast transmission with an element of timeslot re-use.  It was also shown in [1] that timeslot re-use on its own (ie: without simulcast combining) can provide coverage/throughput gains for MBMS when compared to the case of no timeslot re-use.  Timeslot re-use clearly requires that cells within the network have the same frame timing.

In the general case, there is no requirement to implement synchronisation of cell frame timing within UTRAN.  However, for TDD, there are significant benefits from network synchronisation of the Uu:

· Occurrences of downlink/uplink slot clashes are minimised

· Timeslot re-use schemes are enabled

· RRM policies based upon UE measurements are enabled

· Planning/optimisation of service coverage may be improved

It may thus be assumed that the frame timing of cells is synchronised in a typical TDD network. Methods of achieving such cell synchronisation are discussed in [5].

3 UE Impacts

The impacts on the UE receiver may be categorised into one of the following areas:

· Detector / demodulation

· Transport channel processing

3.1 Detection / Demodulation

The addition of macro diversity (simulcast) transmission for MBMS in TDD release 6 would at first sight have significant consequences in terms of the UE receiver, requiring the simultaneous detection and demodulation of signals from multiple cells within a timeslot.  However, as described in [1], such impacts may be largely avoided via the combination of macro diversity and timeslot re-use schemes.  In such schemes, signals from the set of cells participating in the simulcast transmission are arranged such that some arrive at the UE in separate timeslots (named here as non-time-coincident simulcast).  The UE is then not required to receive MBMS signals from multiple cells simultaneously within a timeslot.  This situation is depicted in Figure 1 below.  The cell timings are synchronised (such as would also be required for timeslot re-use without simulcast combining).
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Figure 1 – Time-coincident and non-time-coincident simulcast

Due to the lower UE complexity of decoding non-time-coincident simulcast transmissions and the performance that can be achieved from such a scheme, the rest of this document focuses solely on non-time-coincident simulcast transmissions.
For non-time-coincident simulcast, the signal demodulation function used in the release 5 UE implementation may remain without modification as only a single cell must be received within one timeslot period. However, it is possible that the channel estimation algorithm would need to be modified in order to cope with the possible path length (time-of-arrival) differences between cells participating in the simulcast.
Studies show that the maximum relative delay due to path length differences between transmissions from Node Bs transmitting a non-time-coincident MBMS service is +/-13(s [6]. This value of 13(s is well within the guard time of 25(s, and allows 12(s for channel dispersion before overlap (in any case, a small degree of signal overlap can be accommodated via FEC). Most users within a deployment would experience a relative delay of less than +/-13(s and these users could tolerate more channel dispersion. 
These timing differences are not experienced by the normal single-link TDD receiver but must be taken into account by a simulcast-combining TDD receiver.  Two examples of how the UE receiver can handle the inter-cell timing offsets are:
· widen the channel estimation search window to accommodate the delays

· implement multiple instances of the cell synchronisation/tracking algorithm

The former of these solutions will result in increased complexity of the channel estimator.  The magnitude of this increase will be a function of size of the extended channel estimation search window.  The latter of the solutions will result in lower complexity increase since, by tracking out the mean timing offsets of the cells, the channel estimation window may remain unaffected.  This represents a manageable low-complexity solution.
3.2 Transport Channel Processing
To benefit from the simulcast transmission (and as discussed in [1]), several options exist for the UE receiver:
· Selection combining method 1:  Only the reception with the maximum SNIR per frame is selected from the “N” received signals and is stored in a buffer.  FEC decoding is then performed at the end of the TTI once all frames of the TTI have been received.
· Selection combining method 2:  All “N” receptions are stored for each frame of the TTI.  Sequential FEC decoding of each set is performed until any of these pass CRC
· Maximum ratio combining (MRC):  Receptions from each of the “N” cells to be combined are summed in a weighted fashion according to their received SNIR each radio frame and the result is buffered.  The buffered frames across the length of the TTI are then used for FEC decoding.
3.2.1 Effect of CCTrCH multiplexing
The complexity associated with simulcast combining can be a function of whether or not simulcast and non-simulcast FACH transport channels are multiplexed together onto the same CCTrCH.  Some FACH’s may be simulcast (eg: those carrying MTCH), whilst others may not be (eg: those carrying MCCH).  Clearly, combining is only applied to simulcast FACH.  When all of the FACHs multiplexed onto a CCTrCH are simulcast, then the physical channel bits of the CCTrCH in one cell will be the same as those in another cell.  Thus some combining techniques can be implemented directly on the physical channel bits before any transport channel processing is performed, and transport channel processing is not itself affected.  On the other hand, if some FACHs in a CCTrCH are simulcast and others not, then the physical channel bits of the CCTrCH are not the same between cells and the frame-based component of transport channel processing must be run separately for each cell in order to correctly demultiplex the CCTrCH back into transport channel streams.  Only then can combining of the simulcast FACHs be performed.  This latter scenario has a higher impact on transport channel processing. Multiplexing of simulcast and non-simulcast FACHs onto a single CCTrCH impacts UE complexity.
3.2.2 Complexity of selection combining schemes

In [6], a study has been performed of UE transport channel processing complexity when macro diversity is employed with timeslot re-use. The study concludes that:

· Selection combining method 2 (CRC based) requires TTI-based TrCH processing and FEC decoding per radio link.  This is undesirable since the complexity of this block can be large.  In addition, RAM requirements are increased since the full TTI must be buffered individually for each radio link.
· Selection combining method 1 (SNR based) and MRC both avoid the need for TTI-based TrCH processing and FEC decoding on a per radio link basis.  Thus the complexity of this function is not increased over the no-combining case.  Similarly, the RAM requirements for the TTI buffer are not increased over the no-combining case.
· For a 64kbps MBMS bearer, a 384kbps class UE could support the following simulcast schemes:

· no combining

· selection combining based on SNR with 2 or 3 radio links and 20, 40 or 80ms TTIs.

· selection combining based on CRC with 2 radio links and 20 or 40ms TTIs, or 3 radio links and 20ms TTI

· maximum ratio combining with 2 or 3 radio links and 20, 40 or 80ms TTIs.

· All combining schemes require “N
”-times more frame buffer RAM and frame-based TrCH processing speed if both simulcast and non-simulcast transport channels are multiplexed onto the same CCTrCH.  If the CCTrCH is formed using only simulcast transport channels then this complexity increase is removed.
· In terms of performance (see [1]), the two selection combining techniques show similar gains over the no-combining case.  However, there is a significant performance advantage of MRC over both of these selection combining techniques.  MRC provides a performance gain over no combining of 2 to 3 times in terms of data rate or Node B power required. Given that the receiver complexity is not higher for MRC than for selection combining method 1 (and is actually less complex than selection combining method 2), MRC seems to provide the best complexity/performance trade-off if simulcast combining is to be implemented in the UE.
4 Conclusions
Layer 1 combining of simulcast MBMS transmissions in the UE receiver has been proposed in [1].  Issues regarding complexity impacts on the UE and UTRAN have been discussed in this document.
For the UE, the following conclusions are drawn:

· Combining of non-time-coincident simulcast transmissions could be implemented using a Release 5 detector/demodulator but with some minor modifications to the channel estimation / synchronisation-tracking algorithms.

· When only simulcast FACH are multiplexed onto the CCTrCH, maximum ratio combining and selection combining method 1 can be implemented without any impact on transport channel processing complexity compared to the no-combining case.

· When both simulcast and non-simulcast FACH are multiplexed together onto the same CCTrCH the frame-based component of transport channel processing must be capable of processing N-times faster than in the no-combining case and frame buffer RAM requirements are similarly increased by a factor of N.  This applies to all combining techniques.  [N is the number of radio links that are combined by the UE].
· For a 64kbps MBMS bearer, a 384kbps class UE could support the following simulcast schemes:

· no combining

· selection combining based on SNR with 2 or 3 radio links and 20, 40 or 80ms TTIs.

· selection combining based on CRC with 2 radio links and 20 or 40ms TTIs, or 3 radio links and 20ms TTI

· maximum ratio combining with 2 or 3 radio links and 20, 40 or 80ms TTIs.
· Maximum Ratio Combining can be implemented with the same complexity as selection combining method 1 (SNR-based) and with substantially less complexity than selection combining method 2 (CRC-based).  The performance of maximum ratio combining is substantially better than either of the two selection combining methods.
For UTRAN, the following conclusions are drawn:

1. Network synchronisation is required to support timeslot re-use (without simulcast combining)

2. Network synchronisation mitigates against a significant complexity increase in the UE receiver which would otherwise be experienced on the introduction of simulcast combining capability for TDD MBMS.  This is achieved through the facilitation of non-time-coincident simulcast transmission utilising an element of timeslot re-use
3. Network synchronisation is feasible with the current specifications.
It is recommended that simulcast combining capability based upon maximum ratio combining is introduced for the UE in release 6 for MBMS. 
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� N is the timeslot re-use factor.
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