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RLC SDU Discard for GERAN
1. Introduction

In order to provide Real-Time streaming services in GERAN Rel5, several proposals to optimize the RLC protocol have been given [1], [2]. They consist in an RLC SDU discard mechanism that involves RLC PDU's discard (hence limited RLC retransmissions). The main difference between the two schemes is that [1] is transmitter driven, similar to the UTRAN mechanism (the network commands the sliding of the receiver window) and likely to require extra signalling liable to errors over the air interface and [2] is receiver driven (RLC PDU's ack'ed once the corresponding RLC SDU has expired) implying additional complexity in the MS. Nokia suggested that an RLC SDU discard (or PDCP PDU discard) without limited RLC retransmissions would provide the same functionality, while reusing today's protocol hence limiting the changes to specification. This document evaluates this scheme comparing it with a limited retransmission approach.

2. SIMULATION CONDITIONS

The streaming data source generated three SDU's (= PDCP PDU's) of 1184 bits each every 80 ms. Therefore the streaming rate was 1184 * 3 / 80 ms = 44.4 kbps.

The maximum allowed delay for each SDU was 2, 1 or 0.5 seconds. The delay includes retransmission and queuing delays, but the transmission delay of a radio block (four bursts) was assumed zero. An SDU was considered lost if its delay was larger than the allowed delay.

Round-trip delay for the acknowledgement messages was 120 ms and the MS was polled for acknowledgements every 60 ms.

One timeslot, MCS-9 and incremental redundancy with sufficient memory were used.

2.1 RLC SDU discard algorithm

The RLC SDU discard function is used for both limited and unlimited retransmissions. It is possible to discard any RLC SDU that has not been segmented i.e. whose transmission has not begun. The algorithm discards such an RLC SDU if the allowed delay it has left is less than the assumed SDU delay. The values for assumed SDU delay are shown in the table below.

Allowed SDU delay
Assumed SDU delay

2 s
1 s

1 s
0.5 s

0.5 s
0.25 s

An RLC SDU discard can also be implemented as PDCP PDU discard, which may be better in case of header compression, especially with unlimited retransmissions.

For comparison purpose, the SDU discard algorithm presented in [2] has been evaluated vs. the proposed SDU discard mechanism. Results are available in appendix. The same assumptions as used in [2] were used.

2.2 RLC PDU discard algorithm

For limited retransmissions, if an RLC block contains only RLC SDUs whose deadline has expired, the RLC block will no longer be retransmitted.

2.3 Dummy RLC blocks

If there was no data to be sent, a dummy RLC block was generated and transmitted. With unlimited retransmissions, this dummy block was even retransmitted until it was correctly received.

3. Simulation Results

Figure 1 shows the performance of different delay requirements with limited and unlimited retransmissions. Since the differences appear only without frequency hopping, more focus has been placed there. For comparison purpose, also MCS-7 has been simulated, noting that the peak throughput of MCS-7 is 44.8 kbps, which matches the streaming rate of 44.4 kbps. 
Figure 1: SDU loss rate vs. C/I in TU3 channel; ideal (left) and no (right) frequency hopping.
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For ideal frequency hopping, SDU loss rate is very close to ideal for both unlimited and limited retransmission schemes regardless of the allowed delay.

Without frequency hopping, the SDU loss rate depends on the allowed delay. The performance is close to ideal if the allowed delay is 1 s or larger. For any delay, looking at the SDU loss rates 1 – 10 %, there is practically no difference between the limited and unlimited retransmission RLC modes.

When comparing MCS-9 to MCS-7 it can be seen that MCS-9 performs much better, although the lower coding scheme should in theory have fewer retransmissions and therefore lower delay. The reason is that with incremental redundancy, the basic throughput of MCS-9 is higher than that of MCS-7.

4. ConclusionS

It is shown that the SDU algorithm given in [2] should not be used, as it leads to significanlty worse performance than the proposed algorithm. Therefore RLC SDU's (or PDCP PDU's) should be dropped before being segmented into RLC PDU's i.e. before any transmission over the air interface has started.

Further, with the proposed SDU dropping algorithm, the gain from limited RLC retransmissions observed at 1 – 10 % SDU loss rate is practically zero with ideal frequency hopping and/or if the allowed SDU delay is 1 s or larger. Only if the allowed SDU delay is less than 1 s and no frequency hopping is used, there is a gain of at most 0.2 dB from limited retransmissions. Therefore it is suggested not to limit RLC retransmissions.

From specification point of view, the proposed discard mechanism without limiting RLC retransmissions involves very limited changes, if any. No additional signalling nor inband mechanism need to be standardized, because the discarded SDU's are not in the receiver. No change of the air interface is needed. The mechanism is transmitter driven and transparent to the receiver.
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APPENDIX A: Impact of SDU Dropping Algorithm

The results below show for reference the impact of the SDU dropping algorithm on the SDU loss rate performance (in TU3 iFH). They should be compared with the results presented in [2], figure 1.

It should be noted that an allowed SDU delay of 6s was used for the red and blue curves below, while a tighter allowed SDU delay of 2s was used for the black curve.

These results show that the SDU dropping algorithm proposed in [2] should not be used.
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