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Simulation Results for RLC/MAC 

on FACCH, SACCH and SDCCH
1. Introduction

This contribution simulates the RLC/MAC proposal on FACCH, SACCH and SDCCH as a replacement of LAPDm. The results allow to finalize the details of the design of the protocol. The simulated scenarios are assuming the following stealing mechanism characterized by two main parameters, maxFACCH and minSpeech denoting respectively the maximum number of consecutive speech frames that can be stolen, and the minimum number of consecutive speech frames that must be kept unstolen between two FACCH blocks.
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Figure 1. Stealing mechanism for FACCH

2. Used model and assumptions

· FACCH, SACCH and SDCCH operating with a full rate DBPSCH in TU3iFH in varied C/I conditions (see section 3)

· BS_CV_MAX = 6

· 60ms delay in both uplink and downlink, i.e. best-case round trip delay is 120ms

· Duplex data flow on a single SRB, Layer 3 entities generating PDUs as a Poisson process; PDU sizes are drawn from exponential distribution with a mean of 80 octets, however PDU size smaller than 3 and larger than 331 octets is not allowed (smallest and largest RRC message size known; the mean of this truncated distribution is actually about 77.5 octets). PDU concatenation in RLC/MAC blocks is allowed.

· RLC data and control block formats as proposed in [1]
· RLC data block acknowledgement carried out as proposed in [1]. In particular, when there is no scheduled data block for piggybacking, the Ack/Nack Description is sent in a PT-01 control block. Polling was done based on a counter. When a threshold value (window size/4) was exceeded polling was carried out. 

· Timers T3182, T3184 and T3190 not implemeted, timers T3198 and T3200 implemented.

3. Simulated scenarios

3.1 Throughput measurements

To find the throughput of Layer 3 data available in each case, the intensity of generating Layer 3 PDUs was set so high that there was always something to send. All combinations of the parameter variations shown below were simulated:

· With the parameters maxFACCH and minSpeech, two extreme cases in terms of frame stealing frequency were considered: (maxFACCH, minSpeech) = (1,10) and (3,5). In order to make the total number of block transmissions equal in magnitude, the simulation time was 40 minutes in the first case and 10 minutes in the second case. In addition, 40 minutes of SDCCH and 90 minutes of SACCH transmission were simulated.

· TU3iFH C/I: Ideal channel (BLER = 0), 9dB, 7dB, 5dB i.e. for the different channel conditions simulated, the BLER was as follows:

C/I [dB]
FACCH
SDCCH / SACCH

5
18.9 %
20.9 %

7
5.0 %
8.5 %

9
0.8 %
3.0 %

· Window size: 1, 4 and varied from 64 down to 8 by steps of 8. Note that the size of the acknowledgement bitmap and of the BSN is set according to the window size.

3.2 Delay measurements

In the end-to-end delay simulations the mean interarrival time of the Layer 3 PDUs was set to 5 seconds. The FACCH scenarios presented above were again studied, with the simulation time set to 2 hours in every case. 

4. Results

In order to put the results concerning throughput into right context, a theoretical maximum throughput of Layer 3 data on an ideal channel is calculated in each case prior to showing simulation results. To illustrate the reasoning behind these calculations, below is the new uplink RLC/MAC data block format for FACCH/SACCH/SDCCH proposed in [1] and used in the simulations. (The same format was also used in the downlink, as the only difference is the use of the Stall Indicator bit.)

Bit

8
7
6
5
4
3
2
1
Octet

PT
P
Reduced RBid
BSN (*)
1

BSN (*)
AI
spare
E
…

Length Indicator
M
E
Optional

Length Indicator
M
E
Optional 

Ack/Nack Description (*)
Optional

(2 octets)

RLC Data (byte aligned)
…


21/23

(*) Size depending on the window size

For later reference, the theoretical maximum for Layer 3 throughput, assuming all but the first 3 octets in the data block shown above carry Layer 3 data and every block is used for transmission, is 20octets*8(bits/octet)/20ms = 8000bit/s.

The deviations of the simulation results from the calculated maximum throughput are due to retransmissions, and overhead from acknowledgement piggybacking and extension header octets due to PDU concatenation.

4.1 FACCH: maxFACCH=1, minSpeech=10
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In this case, the theoretical maximum for Layer 3 throughput is 1/(1+10)*8000bit/s = 727bit/s.
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For comparison, with window size 1 the mean throughput ranged from 187bit/s (5dB) to 363bit/s (ideal channel).

4.2 FACCH: maxFACCH=3, minSpeech=5
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Theoretical maximum for Layer 3 throughput: 3/(3+5)*8000bit/s = 3000bit/s.
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With window size 1 the mean throughput ranged from 460bit/s (5dB) to 472bit/s (ideal channel).

With window size 1 the mean delay ranged from 0.7s (ideal channel) to 0.9s (5dB).
4.3 SDCCH

On SDCCH, the theoretical maximum for Layer 3 throughput is 20octets*8(bits/octet) / (51frames*60/13(ms/frame)) = 680bit/s.
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4.4 SACCH

On SACCH, the RLC/MAC block size is only 21 octets, and the theoretical maximum for Layer 3 throughput is 18octets*8(bits/octet)/480ms = 300bit/s. Window size 1 throughput ranged from 82 to 149 bit/s.
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4.5 Comments / interpretation

· It should be noted that all the results above have been taken from the downlink. In the uplink, the performance is slightly better in poor channel conditions (throughput up to 5% higher with small window size), due to the Stall Indicator bit and timer T3198. 

· When comparing the case (maxFACCH,minSpeech)=(1,10) with SDCCH when window size = 1, an issue should be noted: the FACCH blocks occur simultaneously at each endpoint, contrarily to SDCCH. This is why with window size 1, every block allocated can potentially be used to transmit the next block on SDCCH because the akcnowledgement is received before the next SDCCH occurence, whereas on the FACCH in question, only every second block. Hence, with these parameter values, the simultaneous FACCH allocation in question represents the worst-case throughput with window size 1.

· In all the delay measurements, the mean packet size was 613 bits and the maximum packet size was 2632 bits.

· Looking at the throughput results on an ideal channel in each case, it can be seen that the overhead induced by extension header octets and acknowledgement piggybacking is approximately 3% of the theoretical maximum throughput calculated - irrespective of the window size. This is due to the fact that while the frequency of polling in the scheme used is inversely proportional to the window size, the size of Ack/Nack Description is directly proportional to the window size, thereby making the overall effect of acknowledgement piggybacking on the throughput more or less constant.

· When comparing the performance of the window sizes larger than one in varying channel conditions, it turns out that on a fairly good channel there is no significant difference between the different window sizes. On a poor channel however the best throughput is achieved with a large window size. This is even more visible when blocks are frequently allocated for transmission (see case maxFACCH=3, minSpeech=5 above). This is likely because with small window sizes individual acknowledgement updates become critical to avoid window stalling; on a poor channel these updates are lost easily, and with frequently allowed transmissions, the send window is able to stall radiply.

· As a counterargument to the previous, the shortest mean end-to-end delays recorded on the poorer channels seem to be associated with smaller window sizes. It seems that the less frequent acknowledgement updates associated with larger window sizes allow bigger variations in the end-to-end delay of Layer 3 messages. The apparent contradiction between comparisons in terms of mean throughput and mean delay results from the fact that with an excessive window size, blocks belonging to following Layer 3 messages may be transmitted before the receiver has completely received the previous message and delivered it to the upper layer (in acknowledged mode, RLC/MAC offers in-order delivery of higher-layer PDUs). In this case, PDUs can therefore be delivered to the upper layer several at a time in a bursty manner, which accords with both better throughput and longer delays. This is why the window size should not be too large.

5. Conclusions

In view of the results presented in this document, clear benefits can be seen going from a window size 1 to a larger one, which does valid the replacement of LAPDm by RLC/MAC protocol. Note also, that the window size 1 that was simulated includes pre-emptive retransmissions that are not available in LAPDm. This further enlarge the performance gap between LAPDm and RLC/MAC. 

It is proposed to limit the window size to 8 for RLC protocol on FACCH, SACCH and SDCCH, which provides good RLC performance in almost all channel conditions (especially considering the operating point for signalling).

Note that the increasing trend of the end-to-end delay can be compensated by optimizing the polling scheme used.
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Appendix: Simulation results with other FACCH parameters

Here, results from all the remaining combinations of maxFACCH, varying from 1 to 3, and minSpeech, from 5 to 10, are presented. For throughput, the same window sizes as above have been simulated, and for delay, the window sizes 1, 8, 16, 32, and 64. 

Note that the theoretical maximum for Layer 3 throughput is in general:

maxFACCH / (maxFACCH+minSpeech) * 8000bit/s.

maxFACCH=1, minSpeech=5
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maxFACCH=1, minSpeech=6
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maxFACCH=1, minSpeech=7
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maxFACCH=1, minSpeech=8
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maxFACCH=1, minSpeech=9
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maxFACCH=2, minSpeech=5
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maxFACCH=2, minSpeech=6
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maxFACCH=2, minSpeech=7
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maxFACCH=2, minSpeech=8
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maxFACCH=2, minSpeech=9
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maxFACCH=2, minSpeech=10
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maxFACCH=3, minSpeech=6
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maxFACCH=3, minSpeech=7
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maxFACCH=3, minSpeech=8
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maxFACCH=3, minSpeech=9
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maxFACCH=3, minSpeech=10

[image: image34.emf]FACCH: Throughput

200

400

600

800

1000

1200

1400

1600

1800

0 10 20 30 40 50 60 70

Window size

Mean throughput [bit/s]

Ideal channel 9 dB 7 dB 5 dB


[image: image35.emf]FACCH: Delay

0.3

0.5

0.7

0.9

1.1

1.3

1.5

0 20 40 60

Window size

Mean end-to-end delay [s]

Ideal channel 9 dB 7 dB 5 dB








