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Outer Coding on RLC Layer for MBMS over GERAN: Extension to Multislot Mode
1. Introduction

In [1] we have proposed an an outer coding scheme for an MDTCH based on Reed-Solomon (RS) codes and a convolutional interleaver at RLC layer. The basic idea of this proposal is to obtain a reliable service at RLC layer for p-t-m services, which is equivalent to the RLC retransmissions in the acknowledged mode for p-t-p services. In this proposal we have achieved an increase in throughput of about 115% at the same RLC-SDU error rate for the best scheme presented up to now, i.e. the repetition of RLC/MAC blocks. Data rates of 28 kbit/s in a multislot scenario are expected. However, with state-of-the-art video coding it is unlikely that such a service will be of high quality, especially if audio is accompanied with the video. Therefore, the necessity to support higher data rates is obvious in order to enable the acceptance of the new service.

Therefore, we propose an extension to the previous scheme that uses several MDTCH in a more sophisticated way while still using the same principle as proposed in [1]: Reed-Solomon codes are combined with a convolutional interleaver at RLC layer. This provides coding gain, as well as interleaving gain. With our extension, we increase the achievable throughput for multislot operation with M=6  timeslots/MDTCHs from 28 kbit/s according to [1] to more than 37 kbit/s at the same RLC-SDU error rate. Nevertheless, the flexibility of the multislot scheme in [1] is maintained, even slightly extended. However, the delay is increased, but it is still within an acceptable range. For the best scheme presented up to now the sustainable data rate is therefore more than tripled from 12 kbit/s to 37 kbit/s. Since we can now expect data rates of almost 40 kbit/s in a multislot scenario, real-time video streaming services are possible over MBMS. 

2. Convolutional Interleaving over multiple parallel MDTCHs

In all p-t-p services, as well as in all proposals within the MBMS standardization, it has been assumed that each MDTCH is directly mapped to a single PDCH to maintain the same multiframe structure as for conventional PDTCHs. For transmission on multiple timeslots, one MBMS service will therefore use multiple MDTCHs in parallel. In the simple extension for multislot transmission described in [1], we proposed to interleave one RS codeword only over RLC/MAC blocks on the same MDTCH, thus achieving M times the data rate or throughput of the single slot case (with M  being the number of parallel MDTCHs/time slots to be used).
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Figure 1 Multislot Extension for proposal according to document [1]-
However, an extension to the proposal in [1] is possible, which yields an additional coding and interleaving gain by making use of longer code word lengths n and deeper interleavers: We propose to perform interleaving of a single RS codeword over all M MDTCHs. Thus, we can increase the code word length to n=N*M, thereby achieving significant coding gains.
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Figure 2 Multislot Extension by combining several PDCH to a single MDTCH.
A specific realization using a convolutional interleaver which minimizes the delay for a single RLC-SDU is discussed in the following. An example of the proposed algorithm has already been presented in [1] and can now be generalized as follows:

1. Generate a code word of length n=M*N symbols (bytes).

2. The first symbol (byte) of the RS code word generated at time i is placed in RLC/MAC block  i on time slot M at position N.

3. The second symbol (byte) of the RS code word generated at time i is placed in RLC/MAC block i+1 on time slot M at position N-1.

4. …

5. The N-th symbol (byte) of the RS code word generated at time i is placed in RLC/MAC block i+N-1 on time slot M at position 1.

6. The (N+1)-th symbol (byte) of the RS code word generated at time i is placed in RLC/MAC block i+N on time slot M-1 at position N.

7. …

8. The (M*N)-th symbol (byte) of the RS code word generated at time i is placed in RLC/MAC block i+M*N-1 on time slot 1 at position 1.
3. Performance characterization at RLC layer

In the following we present an estimation of the performance gains achieved by our proposals and compare it to the repetition schemes as presented in Tdoc GMBMS-030007 and the simple multiple slot combination scheme as presented in [1].

3.1. Definitions

S 
RLC-SDU size (in bytes)

M
number of parallel MDTCHs (or time slots used at the physical layer) 

N 
payload size of RLC/MAC blocks (in bytes); depends on coding scheme,

n
RS code word length (in symbols or bytes), for M-times multi slot transmission n=M*N 

p
RLC/MAC block loss rate

k 
size of RLC-SDU segments (in bytes), 
corresponds to RS information word length (in symbol or bytes)

ps
RLC-SDU segment loss rate

K 
number of repetitions for repetition schemes, i.e. original and K-1 repetitions

Ps
residual RLC-SDU error rate

T
transmission time interval of RLC/MAC blocks (20 ms in GSM-GPRS)

Z
throughput of the applied coding scheme (in bit/s)

D
minimum delay of an RLC-SDU assuming immediate transmission

3.2. RLC-SDU Error Rate Estimation

We estimate the performance of RLC-SDU error rates and compare the results to existing proposals. The RLC-SDU error rate estimation is very similar to the computations presented in Tdoc GMBMS-030007. We assume statistically independent RLC/MAC block losses. For the proposed scheme a similar estimation can be used. In this case, however, we first have to estimate the loss rate of an RLC-SDU segment corresponding to a RS code word. This can be estimated as
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Then, assuming statistical independent losses of the segments
 the residual RLC-SDU error rate can be estimated as
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3.3. Throughput Estimation

The throughput is defined as the maximum transmission data rate which is supported by a specific coding scheme in bit/second. The throughput for both repetition schemes can be estimated as 
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For the RS scheme the throughput can be estimated as
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3.4. Delay Estimation
For the extension with RS coding and convolutional interleaving over multiple MDTCHs the delay can be estimated as:
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4. Performance Estimation and Discussion

4.1. GPRS Parameters

In the following we will present performance estimations for typical scenarios. For this, we have gathered RLC frame loss rates for all four GPRS coding schemes over a TU03 channel with and without frequency hopping at C/I=7dB
. This is summarized in Error! Reference source not found. along with the used payload size N for each GPRS coding scheme (CS).
 

Table 1 Payload size and RLC/MAC block loss rates at C/I=7dB, different coding schemes with and without frequency hopping. 

	
	Payload size N
	7dB FH
	7 dB nFH

	CS 1
	20 bytes
	0.133680
	0.252568

	CS 2
	30 bytes
	0.410720
	0.337416

	CS 3
	36 bytes
	0.595024
	0.397168

	CS 4
	50 bytes
	0.929472
	0.568128


4.2. SDU Error Rate versus Throughput

The presented results show the residual RLC-SDU error rate versus throughput for different parameter settings and coding schemes. The equations according to the previous sections have been applied. For the repetition scheme the parameter K, the number of repetitions, is varied to trade off throughput versus error rate. K is selected as K=1,2,3, …. In case of the RS code scheme the parameter k, the RLC-SDU segment size (corresponding to the RS information word size) is varied accordingly. k is selected as k=1,2,3,…n. In a first set of experiments we apply frequency hopping, multislot transmission (M=6), i.e. n=M*N, and assume a constant SDU size of S=500 bytes. The results for C/I=7dB are shown in Figure 3. Note that only each dot is realizable, the connecting lines are just for illustration purposes.

[image: image8.wmf]
Figure 3 RLC-SDU error rate vs. throughput for TU03 with FH, S=500, M=6, and C/I = 7dB.

We will focus on C/I=7dB in the following: Assuming a target RLC-SDU error rate of about 1%, for the repetition schemes only the RLC/MAC block repetition scheme for coding scheme 1 with K=4 seems to be appropriate as already discussed in [1]. All other repetition schemes either do not provide sufficient error rate or sufficient throughput. The throughput for K=4 with CS1 is 12 kbit/s (with the assumption that the payload size for CS 1 is 20 bytes, i.e. N=20). For the outer coding scheme as presented in [1] and a target RLC-SDU error rate of 1% a throughput of 26 kbit/s can be supported using CS1 and k=11, which is 115% more. For the extension to the multislot scheme with interleaving over all 6 MDTCHs  a throughput of more than 37 kbit/s can be supported when using k=92 and CS1. This means that compared to the best repetition scheme the throughput is more than tripled when compared  to the repetition scheme.

4.3. Delay Estimations

The previous results show the benefits of our proposed extension in terms of throughput and error rate. Another issue is the introduced delay of a RLC-SDU for different schemes, which is also related to the required memory in the mobile and the base station. 

The parameters providing a sufficient error rate according to Figure 3 are as follows:

For the repetition code: 






K=4 with CS1

For the simple scheme RS code with convolutional interleaver [1] : 
k=11 with CS1

For the extended RS code scheme with convolutional interleaver: 
k=92 with CS1

Figure 4 shows delay versus RLC-SDU size for different schemes and M=6. In case of multislot transmission the delay for the RLC-SDU repetition obviously decreases by M compared to the single-slot case. A similar result has been obtained for the Reed-Solomon scheme in case of parallel MDTCHs [1]. However, if we apply our extended multislot scheme with interleaving over all MDTCHs with significantly improved throughput, a delay increase has to be accepted. However, the good news on this scheme is that the delay is almost independent of the RLC-SDU size and its value is still no problem for the considered applications, especially for download and play applications. By appropriate parameter adaptation systems can be designed which trade off throughput versus delay in the multislot case. This should be studied in more detail.
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Figure 4 Delay versus RLC SDU size for multi-slot transmission with M=6: repetition code with K=4 and CS1, RS code with k=11 and CS1,  and extended RS code scheme with k=92 and CS1.

5. Initial Simulation Results

To verify the results of our proposed scheme we have implemented the major parts of the algorithms and tested it on realistic GPRS error patterns. Therefore, the assumption of statistically independent RLC/MAC block losses in case of no frequency hopping and statistically independent RLC-SDU segment losses is abandoned and the effects of the interleaver will get more obvious. In addition the effects of block concatenation with respect to RLC-SDUs are considered. 

[image: image10.wmf]
Figure 5 simulated RLC-SDU error rate vs. throughput for TU03 with FH, S=500, M=6, and C/I = 7dB.

Figure 5 shows the simulated performance results for the same set of parameters that have been used for the estimation depicted in Figure 3. As one can see, the achievable throughput of the RS coding scheme is again slightly increased, since already a value of k=94 is sufficient to yield a RLC-SDU error rate target of 1%. Hence, the performance improvement of the proposed extension to multislot transmission yields an additional gain of 32% compared to [1].

6. Implementation aspects

For detailed implementation aspects, we refer to [1].  The proposed extension does not result in higher memory usage compared to the previous solution with parallel MDTCHs, but only shows increased delay of RLC-SDUs.

7. Summary and conclusion

We have shown that the proposal in [1] can be extended in such a way that for multislot transmission we can yield significant improvements in the achievable throughput. The cost is an increased delay, which, however, remains at values that are still tolerable for the envisioned MBMS services. 
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� Note that this assumption is probably not true. However, the estimation on the SDU error rate is therefore an upper bound to the real error rate.


� Due to imperfections in the RF part of the transmitter and receiver, a 2dB margin has to be obeyed when stating simulated performance results. Hence, for the MBMS target of 9dB, discrete-time simulations at baseband have to be performed at 7dB.


� We have assumed a minimum RLC header of length 2 octets for each RLC/MAC block.
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