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1. Summary and recommendation
Recent evaluations of open loop transmit diversity (OLTD) in RAN1 have focused on schemes used on control channels.  This was motivated by the limited suitability of OLTD for the physical downlink shared channel (PDSCH).  Therefore we consider the possible benefits of OLTD schemes for the broadcast channel (BCH) and the physical downlink control channel (PDCCH).  We observed the following for the BCH and PDCCH:

· The BCH is expected to use a low effective code rate, so the benefit of block coded OLTD (e.g. SFBC based schemes) over non-block coded schemes such as CSD are expected to be negligible.  Given that the BCH is expected to consume a small amount of downlink resource (about 2%), even if there were gains from a block coded OLTD scheme, the cell throughput gains could only be a fraction of the small amount used by BCH. 
· Transmit diversity modes that produce statistically independent interferers on the transmitting antennas (“rank 2” transmit diversity) can limit the performance of 2 antenna interference rejection receivers under certain conditions [
,
,
], causing block coded OLTD to perform worse than e.g. CSD over most of the cell.  This is undesirable in LTE systems which have a baseline of 2 antennas in the UE.  Therefore, it is not clear that methods that maximize diversity gain at the expense of increasing transmission rank can be consistently relied upon to improve control channel performance.
· The PDCCH is expected to require more resource than BCH: on the order of 14%, which means reducing its overhead is more beneficial.  However, unlike BCH it can utilize link adaptation and power control [
].  These factors limit the benefit of OLTD for PDCCH, and should be evaluated before concluding on relative behavior of transmit diversity schemes.

It has long been agreed that the number of MIMO and transmit diversity modes should be minimized and that UE receiver impact should be considered [
]. Therefore, we should not standardize transmit diversity modes for a given physical channel until there is a clear benefit at the system level in scenarios important for LTE.  Given the limited benefit of block coded OLTD schemes for BCH and PDCCH as well as their potential to make interference rejection more difficult, we would prefer schemes with lower receiver complexity and greater flexibility to compensate for interference.  Therefore, we would prefer rank 1 transmission schemes.  Since CSD can easily support both 2 and 4 antenna transmission, at this stage it would be our first choice for OLTD on BCH and PDCCH, unless substantial gains can be shown for other schemes.
2. discussion

As there has been discussion of OLTD for some time, we try to summarize:
· Previous results:
· According the results available in RAN1#46, in the absence of interference, there was an approximate 0.3-0.5 dB gain from the use of block coded (SFBC or SFTD based) schemes over CSD [
].  Some results were available for correlated channels, which showed similar 0.3-0.5 dB gains using the SCM-C model, but larger gains in SCM suburban macrocells of as much as 2 dB.  It is our view that this latter channel model is a bit extreme: the delay spread is quite low, and antenna spacings of 4 wavelengths may not well model dual polarized reception in this environment.   Therefore, we would hesitate to rely on the suburban macro environment when deciding among transmit diversity alternatives.
· It has been observed that some transmit diversity algorithms degrade more than others in correlated channels.  However, careful array designs may improve the relative performance of these algorithms.  For example, a fixed precoding technique was shown to improve CSD performance by about 0.5 in [3].  We therefore feel it is important to taken into account array design alternatives when comparing open loop transmit diversity algorithms.
· Performance taking into account interference spatial structure:

· While block coded transmit diversity schemes can provide better diversity gain than non-block coded schemes in a single link scenario, they can perform worse than non-block coded schemes in the presence of multi-cell interference.  Two antenna transmission on distinct antenna patterns (or “rank 2” transmission) can degrade the ability of 2 antenna UEs to reject interference when the interference is sufficiently structured.  This was observed in [3], where CSD consistently outperforms SFBC at greater than 10% outage.  Similar results were found in [1].
· More complex receivers have been proposed to improve interference rejection [
] by exploiting the space-frequency properties of the serving and neighbor cell transmissions.  However, there is no guarantee of what transmit diversity method the neighbor cell will use for a transmission, nor will all cells be synchronous.  Therefore, it is not immediately clear that there would be a benefit from a more complex receiver.  When they could be applied, since space-time receivers in general double the receive variables, and LMMSE matrix inversion operations may have O(N2) to O(N3) complexity, these more complex receivers may not be trivial to implement.

· Block Coded OLTD and Bandwidth:
· Block coded OLTD schemes can be viewed as bandwidth saving techniques.  If orthogonal signals carrying the same channel bit are transmitted on the antennas (“uncoded” transmit diversity), the maximum theoretical diversity gain is achieved.  However, this costs twice as much bandwidth, unlike e.g. SFBC, which has no bandwidth expansion.  Therefore block coded OLTD schemes are not beneficial in purely SNR limited channels.  However, unlike SFBC, uncoded transmit diversity schemes do not require more complex receivers.  Since control channel designs are often driven by low SNR operation, this seems to limit the motivation for block coding.

· On using block coded OLTD on BCH:

· The P-BCH is expected to use a low effective code rate (probably 1/6 or less), which essentially means that the BCH is an SINR limited channel.  As we observed above, the benefit of block coded OLTD in these conditions is negligible.

· The P-BCH will likely be transmitted roughly once per 10ms radio frame in 1.25 MHz using around 10 symbols in a subframe, and so is expected to consume at most about 1.7% of downlink resource.  Any potential cell throughput improvements would then be some fraction of 1.7%.
· We should also observe that other techniques such as soft combining the P-BCH can substantially improve P-BCH performance [
].  These gains should also be taken into account when comparing the relative performance of transmit diversity schemes.
· On using block coded OLTD on PDCCH:

· The PDCCH is more flexible than BCH in that it can support link adaptation and/or (e.g. CQI based) power control.  This means that the higher geometry users can be served with less power or more aggressive MCS states, increasing spectral efficiency.  Furthermore, power control and/or multi-user scheduling gain can provide some diversity, limiting the diversity gain possible from OLTD.  To our knowledge, simulation results taking into account PDCCH scheduling, link adaptation, and power control behaviors with OLTD have not yet been shown in RAN1.

· The PDCCH requires about 14% or so of the downlink when transmit diversity is not used [4].  Therefore the absolute upper bound on gain from a 0.5 dB gain from the use of block coded transmit diversity in system throughput is roughly 12% of 14% ~= 1.7%.  
· Use of OLTD on PDSCH:
· When channel conditions are suitable (e.g. below some UE speed), OLTD should have no benefit for PDSCH.  This is because PDSCH should perform better when multi-user scheduling, frequency domain scheduling, and/or feedback based precoding are used than when OLTD is used in these conditions.  Therefore, OLTD would only seem suitable for PDSCH when feedback can’t track the channel, and when delay requirements are tight such that time diversity is insufficient.  Since these usage scenarios seem rather restricted, we would prefer further study before drawing conclusions on OLTD methods supported on PDSCH.
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