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Figure 1:
RACH to RACH message part interference curve for indoor and vehicular scenarios according to [9].

1. Introduction

The benefits of FAUSCH [3] for some applications have been noted. ARIB still would not see advantages of the FAUSCH. 

This document provides simulation results for the RACH and FAUSCH performance, when used to allocate a DCH, based on link level simulations conducted by Ericsson [9]. The results presented in [9] state about 

· the message error rate depending on the number of RACH accesses

· the preamble mis-detection rate depending on the number of preamble transmissions.
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Figure 2: Preamble mis-detection probability as a function of the consumed bit rate according to [9].

In order to assess the RACH, only interference generated by the RACH message part are taken into account. This is, of course, more favourable for RACH than in reality, where also the preamble mis-detection has to be considered. For FAUSCH, the preamble mis-detection curves were used.

In [8] simulation results had already been presented based on a simplified linear curve that described the relationship between accumulated (consumed) bit rate in a radio cell and the message corruption probability (= message error rate) under the assumption that RACH-RACH- RACH-DCH-, and DCH-DCH-interference are the same if the channel bit rates are the same. Preamble -misdetection was also excluded. Since [8] did not use measured interference curves, the results were not completely convincing, though they are confirmed by the results presented in this contribution.

Figure 1 shows the two Ericsson curves for the RACH message part (assuming 16 kbps on the RACH)  (indoor and vehicular) presented in [9] here with linear scale on the ordinate and accumulated bit rates on the abscissa. The C/I values on the abscissa (in dB) used in [9] are transformed into accumulated bit rates as follows: e.g. C/I= -18 dB = 1/63 means that the interference of 1+63 RACH accesses on the one RACH access in question is considered. The resulting accumulated bit rate is (1+63)*16 kbps = 1024 kbps. According to the Ericsson curves, an access to the RACH, which already carries 255 RACH transmissions (corresponding to a consumed bit rate of about 4 Mbps), will suffer from corruption due to interference with a probability of about 0.7 in case of the indoor scenario and with probability of about 0.9 for the vehicular scenario. 

This contribution aims at providing additional arguments that outline the advantages of FAUSCH for allocating a DCH for the transmission of medium-length packets (in the area of  300 Byte). 

2. Simulation scenario
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Figure 3 : Reference scenario to assess interference.

The simulation scenario assumes that the RACH is used both for short packet transmission (packet size 20 Byte) as well as for sending reservation requests to allocate a DCH for medium-length packets. Physical data rate on the RACH as well as on the allocated DCHs is assumed to be 16 kbps. Figure 3 shows the reference scenario, in which problems due to insufficient power control are omitted, since all UEs have the same distance from nodeB. 

Interference is incorporated in the simulation model by using the Ericsson curves as follows: Whenever a packet leaves the RACH channel (i.e. the RACH packet transmission is finished), the number of active transmissions is counted, the corresponding accumulated bit rate is determined, and the leaving packet is marked as corrupted according to the message error probability provided by the Ericsson curve. 

Note that this implementation is more favourable for the RACH performance than in reality: Corruption is an issue for the whole duration of the message in the channel, not only when the message “leaves” the RACH.

[image: image4.wmf]
Figure 4: Data throughput for the packets to be transmitted via a DCH allocated using the RACH. Pcapture is 0.8, 128 DCHs available for packet transmission, RACH background traffic 0 packets/ms. CDCH alloc otherwise = 0, indoor profile. RACH preamble misdetection = 0%. For 20 Byte packets collisions limit the throughput before the interference gets effective.

The transmissions on the DCH (also set to 16 kbps) cause additional interference. This is modelled here by the assumption that one transmission on a 16 kbps DCH adds the same interference as one active transmission on the RACH. Due to this assumption, the curves in Figure 1 can also be used for the DCH-to-RACH interference although this was not explicitly measured. Preamble mis-detection is excluded here, i.e. the message part is never lost due to a preamble that was not detected correctly. Furthermore, the interference caused by RACH preambles is ignored completely, since the increase of model complexity would have caused considerably longer simulation times.

Access attempts on the RACH are generated by a Poisson source (“new traffic”). Access attempts on the RACH that are lost due to corruption by interference or due to collisions are re-fed to the system up to a maximum of 10 retries (corresponding to the limitation of RACH accesses Mmax which is now part of 25.321). If the threshold of 10 retries is reached, the access attempt is discarded. Successful access attempts on the RACH allocate a DCH. If no DCH is available, the access attempt is also re-fed to the system with the same retry limit of 10. 

In case of collisions, one of the collided RACH packets is correctly received with probability Pcapture . In the given simulation results Pcapture is 0.8  (Pcapture = 0 results in considerably worse results).

Packets, sent via a DCH, that was allocated via the RACH, are not re-fed to the system, if these packet transmissions are corrupted (just for simplifying the simulation system).

3. Simulation Results

Figure 4 displays the throughput for packets with a mean length of 20, 80, 160, and 1280 Byte transmitted via DCHs, that were allocated via the RACH given the above mentioned interference constraints. All capacity in terms of DCHs (i.e. 128 x 16 kbps = 2048 kbps) in the cell is available for packet data transmission on DCHs reserved via the RACH (CDCH_alloc by RACH = 128), i.e. the count of DCHs CDCH alloc otherwise used for e.g. circuit switched traffic is 0. Furthermore, a constant background traffic on the RACH of 0 access attempts per frame is assumed. The x-axis (“new traffic”) displays only the access attempts on the RACH for reserving DCHs. For sending requests over the RACH, fixed length packets of 10 Byte were assumed, which only contain the identifier of the UE (27 bit [5], 1/3 coding rate gives 81 bit, i.e. 10 Byte; the corresponding transmission time on the 16kbps-RACH is 5ms).


The three fat (red) lines in the diagram (Figure 4) illustrate approximate throughput curves for the packet lengths of 1280 byte, 160 byte and 80 byte, if interference were not an issue.  The limiting curve for the 20 Byte packets, which only take one frame for transmission, lies at a throughput value, where collisions on the RACH are significant. Therefore, the corresponding values of the new traffic generated on the RACH exceeds 50 accesses per frame, and is not shown here.

[image: image5.wmf][image: image6.wmf]The reason for not reaching the maximum possible throughput in the diagram in Figure 4 lies in the effect of interference. In the case CDCH alloc otherwise = 0 (i.e. all the spectrum is available for packet data transmission via a DCH allocated via the RACH), the  throughput for the packet transmissions on the allocated DCHs goes down before the maximum possible throughput is reached:

· For 80 Byte packets, the decrease starts at 26 packets/frame onward,

· for 160 Byte packets, the decrease starts at 16 packets/frame onward

· for 1280 Byte packets, the decrease is visible at 6 packets/frame onward.

This degradation is not due to collisions, and not due to a lack of DCHs to allocate, but only due to interference, which causes RACH reservation requests interfere with DCH transmissions. If there is additional RACH background traffic (see appendix) RACH access even get no longer through due to interference.

To avoid such problems, the access to the RACH would have to be restricted strongly, which can be done by the L1 NACK, which is now part of the specification. However, access limitation causes considerable delay. A further problem of using L1 NACKs is that it is not possible for the nodeB to know, that the RACH accesses, which have to be rejected, actually contain the reservation request for a DCH, since the rejection refers only to a  RACH preamble.

For the FAUSCH, the interference was incorporated into the simulation system as follows: If a preamble transmission “leaves” the channel, the preamble mis-detection curve is applied in order to decide whether the preamble is received corrupted or not. If a DCH transmission “leaves” the channel, the message part interference curve determines whether the DCH transmission is corrupted or not. Note that due to this implementation, the FAUSCH performance is evaluated under much stronger constraints than the RACH performance, where the preamble transmission is ignored. This is the reason that for 80 Byte packets the RACH throughput is a little higher than that of FAUSCH before the RACH throughput breaks down in Figure 6.

The curves with reservation requests sent via the FAUSCH instead of the RACH – using the Ericsson interference curves for the preambles according to Figure 2 – do not show the degradation as in case of the RACH, Figure 6. This illustrates that the need for sending the user ID via the RACH has a significant impact on the throughput behaviour of the system. In case of using the FAUSCH no throughput degradation is visible with increasing values of the new traffic, since the interference caused by the FAUSCH is about a factor of 10 lower than in case of the RACH [5], mainly because it is not necessary to send the user ID on the FAUSCH, since the user ID is clear from the access slot exclusively allocated to one user in case of the FAUSCH. 

Figure 5 displays the behaviour of DCHs allocated using the RACH for the scenario the throughput of which is shown in Figure 4. The maximum of 128 DCHs is reached for each packet size. The throughput decrease shown in Figure 4 therefore is only due to corruption of transmissions on the DCHs.
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Figure 6:  FAUSCH throughput for 500 UEs

The values of access attempts per frame of 12 and more seem to be realistic especially in case the UMTS uplink is used in asymmetric systems, where the downlink is served by another broadband wireless system as mentioned in [7]. Furthermore, sending acknowledgements for IP packets received via the UMTS downlink should be mentioned as an “application” that causes access attempts in a similar range. 

4. Conclusion 

The simulation results based on interference curves provided by Ericsson in [9] show that FAUSCH has considerable advantage over allocating a DCH via the RACH, since the RACH messages produce considerably more interference than FAUSCH (which is just sending a RACH preamble). The simulation model used for RACH was very much in favour of RACH since preamble mis-detection is not covered by the model (i.e. it was assumed that the preamble is always correctly detected). For FAUSCH, the preamble interference curve was used to model the risk of mis-detection, and the interference for the data transmission was modelled by using the interference curve for the RACH message part, which was assumed to also describe the interference of DCHs of the same bit rate. The simulation results indicate that it is necessary to limit the access to the RACH, otherwise RACH interference will knock out transmissions on already allocated DCHs. Access limitation will however produce additional delay for any RACH access.

Preamble L1-NACKs can be used for such access limitation. However, L1-NACKs will not allow to differentiate between RACH transmissions conveying requests for DCH allocation and RACH transmissions for other purposes. Furthermore, RACH-NACKs contribute to the downlink traffic load. FAUSCH does not pose these problems.
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6. Appendix

The appendix provides further simulation results for the RACH. No capture effect and an additional background traffic on the RACH of 5 accesses/frame not resulting from reservation requests for DCHs are considered for the indoor model.

The last figure also shows the behaviour for the vehicular model (0 background RACH traffic, capture effect 80%).
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Figure 5: Number of DCHs allocated for the same scenario the throughput of which is shown in Figure 4.
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