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1 Introduction
In the case of LTE TDD, PRACH configurations exist in which there are multiple PRACH resources within a subframe, ranging from 2 to 6 PRACH channels [1].  The current PRACH selection procedure for TDD given in [2] is based around random selection of PRACH resources from within the PRACH resource set.  In a previous contribution [3], it was noted that when multiple PRACH are available in a subframe, the PRACH could be selected in frequency in order to maximize the channel gain.
Furthermore, there is also the possibility to use open-loop Tx antenna selection for PUSCH in the current Rel-8 specifications.  If applied to PRACH this could not only provide further potential for improvement in the multi-frequency PRACH case, but would also enable performance gains for PRACH configurations with only one PRACH resource in the sub-frame.
In this document we provide some quantative analysis of the performance improvements available for PRACH from frequency resource selection and from application of open-loop transmit antenna diversity.
2 Simulations and Results
The number of PRACH frequency resources in a subframe is denoted Nrach.  We consider a 10MHz system bandwidth at a 2GHz carrier frequency and with Nrach =  1, 2, 4 and 6 (corresponding to various configurations in [1]).  Channel types investigated include Extended Pedestrian-A (EPA) and Extended Typical Urban (ETU), each at speeds of 3, 15 and 30km/h.  The eNB was assumed to have two antennas.  Cases both with and without transmit antenna selection at the UE were considered.
The link performance with Nrach = 1 is naturally equal to the case of random selection of the frequency resource.  Note that this applies even though there may in fact be more than one PRACH frequency resource.  We can therefore use the results for Nrach = 1 to represent the current Rel-8 performance with random frequency selection and a single UE Tx antenna.

For Nrach > 1, the frequency selection space available to the UE is increased, hence we would anticipate that performance will improve.  Selection of both the Tx antenna (if applicable) and the PRACH frequency (if Nrach > 1) is based on a channel power method using downlink CRS.  The reciprocal delay at the UE between measurement of the channel power on the downlink sub-frame and transmission of the PRACH on uplink is set to 3 sub-frames.
PRACH performance was analysed in terms of the probability of missed detection (PMD) using parameters similar to those used in RAN4 for burst format 0, with NCS = 13, u=1, and v=32.  Appropriate thresholding was used to ensure a probability of false alarm of PFA=1e-3.
The performance benefits over LTE R8 were measured at PMD=1e-2.  In the simulations, the UE transmit power was constant and the same for all cases.

A summary of the results can be found in Figure 1 (for the EPA channel) and in Figure 2 (for the ETU channel).
[image: image1.emf]0 5 10 15 20 25 30 35

-1

0

1

2

3

4

5

6

7

8

9

UE speed (kmph)

Performance Gain over LTE R8 (dB)

EPA channel, Transmit Diversity Off

0 5 10 15 20 25 30 35

-1

0

1

2

3

4

5

6

7

8

9

UE speed (kmph)

Performance Gain over LTE R8 (dB)

EPA channel, Transmit Diversity On

N

rach

 = 1

N

rach

 = 2

N

rach

 = 4

N

rach

 = 6

N

rach

 = 1

N

rach

 = 2

N

rach

 = 4

N

rach

 = 6


Figure 1 – Result Summary, EPA channel
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Figure 2 – Result Summary, ETU channel
3 Discussion
The gains are naturally a function of channel type, channel speed and the number of available PRACH channels (Nrach).  For pedestrian speeds, gains of between 3dB and 8dB are observed.
The performance improvement reduces by around 1 to 1.5dB at 15km/h, whilst at 30 km/h the net gains are lowered to around 1 to 3dB (this situation would obviously change if the assumed processing delay at the UE was shortened to less than 3 subframes).  In channels with a wider coherence bandwidth (e.g. EPA), most of the benefit is achieved with Nrach=2, as further addition of PRACH resources cannot always provide further statistical independence.  Conversely, for narrower coherence bandwidth (e.g. ETU), the gains are more evenly spread as Nrach is increased.

The contribution of open loop antenna selection is evident, providing gains of the order of 3-4.5dB at pedestrian speeds with Nrach = 1.  Notably however, the gains continue to improve for higher values of Nrach.  For example, at 3km/h, extending Nrach from 1 to 2 provides an additional gain of 2.5 – 3dB on top of the gain available from antenna selection only.
It should be noted that these gains are achieved without any increase in UE transmit power and without any change to the intercell interference created.  This is due to the fact that the radio channels between the UE and intercell base stations are not correlated with the UE PRACH selection.  There is therefore the potential to lower intercell interference levels.
4 Conclusion

Random access performance may be improved via UE selection of the PRACH frequency resource and also via selection of the UE transmit antenna where implemented.  This helps to realise the benefit of short-term reciprocity in the TDD channels.  Simulation results in a variety of channel environments suggest that the improvements are often substantial, especially at lower speeds where gains range from approximately 3dB to 8dB.
It is thought that these improvements could offer benefits for Rel-9 systems.
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