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1 Introduction
The RACH must have at least the same coverage as UL-SCH.  Additionally, if time/frequency resources are to be set aside for RACH (this seems likely for the non-synchronised case), there seems little point in designing the RACH to have much better coverage than the UL-SCH.  This is because to achieve the additional coverage, the information bandwidth must be decreased and hence the assigned time/frequency resources for RACH become under-utilised from a capacity perspective.
In this document, we present a rough estimate of the RACH payload size for non-synchronised RACH that achieves the same coverage as that for the UL-SCH.  This leads to the conclusion that a small message part (for carrying useful control information) may be carried on the non-synchronised RACH without affecting the system coverage.
Some analysis of this problem has been discussed briefly on the RAN1 email reflector in which a minimum UL-SCH data rate of 64kbps was assumed.  In this event it was stated that the RACH would then contain very little space for carrying data and would be occupied almost entirely by the preamble to achieve the desired performance.
The 64kbps uplink rate may have been selected such that it aligns with the minimum uplink data rates commonly used for W-CDMA.  However, we note that the W-CDMA uplink is non-orthogonal between users of the same cell and as such UL data rates and coverage are dependent upon the prevailing noise rise.  With an orthogonal uplink there may be some scope for increasing this minimum cell edge data rate ([2] also suggests that the cell edge data rate should be significantly increased over those of Rel-6).
In this paper we assume that the minimum uplink data rate is aligned with the rate achievable using 1/3 rate encoding (no additional repetition) in a 375kHz resource block.  This equates to 200kbps.

In general, transmission of the bulk of the message part is preferably accomplished on UL-SCH.  However, it is noted here that at such an early stage of the communication, the eNode-B would be unlikely to have sufficient knowledge of the UEs channel conditions, buffer status or geometry and as such would not be able to sensibly apply appropriate modulation and coding or to grant appropriate resources for the scheduled transmission.  Thus, some of the benefits of moving all of the message part from the RACH to UL-SCH are moot without appropriate control information having first been delivered.
This leads to the conclusion that it may be beneficial to carry both a preamble and a small control message part inside the non-synchronised RACH instead of a preamble only.

2 Derivation
2.1 Assumptions
Assumptions are listed below:
· UL-SCH

· Resource block size is 375kHz as per [1]
· A minimum of 1/3 rate turbo coding or similar is applied to UL-SCH

· Target BLER is approximately 10-50% (assuming H-ARQ)

· Target Eb/No is thus in the region of 3dB (=0dB per antenna in a 2 Rx antenna system)

· QPSK modulation

· Non-synchronised RACH

· Non-synchronised RACH transmissions are FDM with respect to UL-SCH in the same sub-frame.

· The time frequency resources reserved for non-synchronised RACH are 1 sub-frame and 1.25MHz

· A guard time is required to allow for medium sized cells of the order of 10km (larger guard times could be configured and/or multiple sub-frames reserved in the case of the very large cells described in [2]).  Further guard time is required to allow for the channel delay profile.
· A total of 80μs is assumed for the guard time (= 66μs for 10km range and 14μs for channel delay plus margin)

· Not all of the 1.25MHz allocation may be used for non-synchronised RACH under the assumption that other (time-synchronised channels) are using the same sub-frame via FDM.  4/5ths* of the 1.25MHz RACH frequency allocation are assumed to be usable (i.e. 1MHz) to prevent undue interference into neighbouring frequency allocations. (* the appropriateness of this fraction needs to be investigated)
· Non-synchronised RACHs are CDM with respect to each other
The general non-synchronised RACH situation is shown in Figure 1.
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Figure 1 – Non-Synchronised RACH
2.2 UL-SCH Sensitivity
The UL-SCH minimum sensitivity is simple to calculate.

For the data parts of the transmission, each SC-FDMA long block contains 25 symbols within the 375kHz BW.  This carries 50 coded bits using QPSK.  For 1/3 rate channel encoding, 16.67 information bits are carried.  The length of a long block (excluding cyclic prefix) is 66.667μs.
Thus, the processing gain for UL-SCH is:
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To achieve an Eb/No of 0dB per antenna, we require a C/(N+I) per antenna of:
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Assuming the noise limited scenario, and a receiver noise figure of 5dB, this leads to a sensitivity of:
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Thus, RACH must similarly work (over its respective BW) at Cmin = -115dBm if we are to maintain the same coverage.
2.3 RACH preamble and payload size calculation
The noise power for the RACH is -114 + 5 = -109dBm (corresponding to the occupied BW of 1MHz) and so the sensitivity value of -115dBm from section 2.2 equates to -6dB C/N per antenna, or -3dB C/N post antenna combining.
Taking random preamble codes as some sort of indicative baseline case, it can be seen (Figure 2) that to achieve a probability of missed detection i.e. P(DTX|TX) of around 1e-2 together with a probability of false alarm i.e. P(TX|DTX) of 1e-2, for -3dB C/N post antenna combining we require a preamble length of the order of 50 (17dB processing gain).
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Figure 2 – Performance of Random Preamble Codes (-3dB C/N)
Assuming an effective symbol rate of 1MHz, the number of available symbols in the sub-frame for RACH is:
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Thus, 370 symbols in the non-synchronised RACH sub-frame are “free” for use for additional data.
If we assume that an Eb/No for this data part of approximately 3dB per antenna is required (no HARQ in this case and reliability requirements are higher than for UL-SCH), then given that these symbols will arrive at -6dB C/(N+I) {the same as for the preamble}, then 9dB processing gain is required for these information bits (linear factor of 8).

Thus, we estimate that for this example, approximately 370/8 = 46 bits may be carried in the control message part of the RACH.
Note that even if the minimum UL-SCH data rate was reduced by a factor of 2 (to 100kbps) then a rework of the above results simply in a preamble length of 100 and a payload in that case of 20 bits, which may still be used to carry some useful information to the eNode-B.  Even at 64kbps 11 payload bits could be transmitted (with a preamble length of 156).  In general, the number of payload bits N is related to the preamble length L via the following, assuming “k” is the dB-difference between the required preamble “Eb/No” per antenna and the RACH payload data Eb/No (k=8dB in the above example):
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3 Conclusion

Approximate calculations suggest that a non-synchronised RACH in a 1.25MHz allocation may be able to carry a relatively small, but useful payload.  As previously noted by others, if the RACH coverage is to be aligned with the coverage of UL-SCH, the RACH payload capacity varies in accordance with the minimum UL-SCH data rate.

The calculations suggest that for a RACH BW occupancy of 1MHz, and a guard time of 80μs, the non-synchronised RACH would be capable of carrying a preamble of length 50 along with 46 information bits if a minimum of 200kbps on UL-SCH is assumed (corresponding to 1/3 rate coding in a 375kHz resource block and QPSK modulation).  This payload capacity reduces to 20 bits for 100kbps minimum UL-SCH rate (e.g. BPSK modulation) and to 11 bits for 64kbps.  The probability of missed detection and false alarm for the preamble is of the order of 1e-2 assuming random preamble sequences as a baseline.
The sending of only the RACH preamble in the same reserved time/frequency resources may represent an under-utilisation of the time/frequency physical resources.

Allowing for non-synchronised RACH to send some small volume of data could serve a useful purpose in conveying initial control information to the eNode-B, including physical layer measurement information (channel conditions/geometry) and L2/L3 information (such as buffer occupancy, random access cause, user ID’s etc…).  Furthermore, this may enable improved decision making at the eNode-B regarding initial resource allocation and modulation/coding selection for UL-SCH.
An alternative would be to reduce the time/frequency resources assigned to non-synchronised RACH and to not transmit the control data.  However, for this approach we note that:

· If the frequency resources are reduced too far, the timing estimation accuracy needs to be considered

· If the time resources are reduced to less than 1 sub-frame duration then to use the remaining parts of the sub-frame for other purposes may involve modifications to the basic sub-frame structure currently assumed in TR 25.814

· Lack of sufficient control data at the eNode-B again makes it difficult for the eNode-B to make accurate initial scheduling decisions

We recommend that the non-synchronised RACH should be designed to carry both a RACH preamble and a short data field for sending control information.
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