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1 Introduction
The current physical layer specifications support downlink spreading factors of SF16 and SF1 for various physical channel types to which DTCH may be mapped (e.g. DPCH, PDSCH, HS-PDSCH).  Some other physical channel types, more typically used for the purpose of carrying low-rate control information (such as P-CCPCH, S-CCPCH, HS-SCCH, E-AGCH etc…) use SF16 only.
SF1 clearly has a PAPR benefit over multi-code SF16.  For interference-limited deployments however, this advantage plays a lesser part than in coverage limited scenarios.

MBSFN transmissions tend to be, by virtue of their SFN nature, coverage limited.  Therefore SF1 is able under some circumstances, to improve the coverage and/or capacity of SFN deployments via an increase in Node-B transmitter output power.  Alternatively, the same output power may be achieved with a less expensive power amplifier.
Higher layer signalling already supports the use of SF1 on S-CCPCH, and this option is precluded only by the physical layer.

In this document, we outline the possible advantages of SF1 for MBSFN and propose to align S-CCPCH with other physical channel types via allowance of SF1.  Changes required to the ran1 specifications affect only 25.221 and are minor.
2 Performance of SF1 and PAPR
Equalising “single-user” receivers are typically used for MBSFN reception.  The link level performances of 1xSF1 and 16xSF16 are thus virtually identical (see for example the performances obtained in figure 1).
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Figure 1
Figure 2 illustrates the difference in the distribution of instantaneous signal amplitude between 1xSF1 and 16xSF16 for both QPSK and 16-QAM modulation.  It can be observed that SF1 can offer a significant advantage over SF16.  At the 99.9%’ile, the gain is around 3.6dB for QPSK and 2.4dB for 16-QAM.
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Figure 2
3 Conclusion
The use of SF1 for MBSFN is able to reduce the PAPR of transmitted signals for MBSFN and hence to allow for increased output powers or for the use of less expensive power amplifier designs.
Due to the fact that MBSFN deployments may often be coverage limited, and considering that the link performance of 16xSF16 and 1xSF1 are similar, such PAPR reductions can translate directly into coverage and capacity gains.
It is therefore proposed to allow for the use of SF1 for S-CCPCH carrying MBSFN FACH in the TDD physical layer specifications.  This is in-line with SF1 support for other downlink physical channel types.  Only 25.221 is affected by this change.
