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1 Introduction
In situations in which the UE is power limited (e.g. edge of coverage), the performance of all uplink channels should be acceptable, and if possible, aligned.  This includes random access, uplink control signaling and uplink data.
The definitions for “acceptable performance” are relatively clear in the case of random access and uplink control signaling.  For example, one can assign a required probability of missed detection (Pmd) and probability of false alarm (Pfa) to RACH and a required message or block error rate in the case of uplink control signaling.
However, in the case of uplink data (and assuming that other channels are functioning correctly) the term “acceptable performance” has less clarity.  One can assign a required BLER for reasonable HARQ operation but due to the fact that coding and processing gain can always be traded off against data rate, this required BLER can generally be met so long as the data rate is sufficiently low.
This leads to the question:  which uplink data rate should be provided for at the edge of coverage in LTE?
This is very important as it impacts the design of other uplink channels such as RACH and uplink control signalling.  Excessive consumption of time/frequency resources leads directly to uplink capacity loss in an orthogonal uplink system such as SC-FDMA.  As such, it is desirable not to over-engineer solutions for RACH and the control signalling as in doing so the capacity of the system is compromised.
In the case of E-UTRA, we believe that the design of the RACH channel is aligned with a particularly low cell edge data rate (lower than the majority of UMTS deployments) and are concerned that this will unnecessarily consume time/frequency resources for the majority of potential E-UTRA deployments.
In order to avoid this resource wastage, we suggested in [1] that the RACH preamble length should be of the order of 400μs.  This was also suggested by many companies during the study item phase, see for example [2] in which a 400μs preamble is shown to align with 64kbps UL-SCH coverage.  However, it has been pointed out that this could cause some disruption to the already-selected 1ms-TTI-based frame structure.  Some companies also expressed a preference to allow for low-data-rate coverage (in the range of 15 or 20kbps) and that the RACH design should accommodate these scenarios too.
In order to account for these comments, we therefore propose to allow for both long and short preamble structures but to maintain a 1ms x 1.25MHz overall allocation for RACH.  Possible preamble lengths are of the order of 0.8ms and 0.4ms.
By doing so, this opens up the following possibilities for E-UTRA which should help to ensure its competitiveness against other standards:
· The preamble length may be selected according to the desired minimum cell edge uplink data rate.  Deployments targeting high coverage of very low cell edge data rates may use the long preamble whereas those targeting more-typical (i.e. higher) cell edge data rates may use the shorter preamble.
· Where the longer preamble length is not required, the shorter preamble may be used which frees-up resources (typically ~1 sub-frame).  These resources may be used to:

· Extend the guard period for operation in larger cells

· Deploy additional RACH capacity
· The shorter preamble structure may also be appropriate in cases of high Doppler

Figures 1 – 4 depict some examples of this deployment flexibility for RACH.
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Structure with 0.5ms preamble: Example #1

≥64kbps UL-SCH, high RACH capacity, cell range <12km

1ms

1.25MHz

=preamble =CP =guard time =UL-SCH


Figure 1
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Structure with 0.5ms preamble: Example #2

≥ 64kbps UL-SCH, large cell (12-87km)

1ms

1.25MHz

=preamble =CP =guard time =UL-SCH


Figure 2
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Structure with 1ms preamble: Example #1

Less than 64kbps, cell range <12km

1ms

1.25MHz

=preamble =CP =guard time =UL-SCH


Figure 3

[image: image4.emf]5

Structure with 1ms preamble: Example #2

Less than 64kbps, large cell (range 12-162km)

1ms

1.25MHz

=preamble =CP =guard time =UL-SCH


Figure 4
2 Conclusion

The LTE non-sync RACH design is aligned with cell edge data rates that are substantially below those in common use in existing UTRA deployments.  To accommodate such low data rates is acceptable so long as it does not come at the expense of the more commonly-occurring cases.
In this paper we propose that the RACH preamble length can take two values, long and short.  Selection of the preamble length is at the discretion of the operator and is optimised for the deployment.  To maintain compatibility with the 1ms TTI frame structure, the RACH resources continue to be assigned in units of 1ms x 1.25MHz.

We suggest that where it is possible to reclaim time/frequency resources, these may be used for additional guard time, or for additional RACH capacity.
However, we are very much open to further suggestions on how best to use these.
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