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1 Introduction

In this contribution, provision of streaming services over FLO is analysed. The link performance is evaluated by simulations and compared to EGPRS. Further, the gains from FLO are analysed to see what parts of FLO give the largest gains compared to EGPRS.

2 Streaming services

2.1 Assumptions

· The transfer delay requirements is in the order of a few seconds. It is assumed that the delay jitter caused by the retransmission protocol is handled by a receiver buffer at application layer. The impact of this delay jitter is for further study, but it should not affect the relative comparison.

· Guaranteed and constant bit rate of 10-60 kb/s (including higher layer overhead).

· IP packet arrival interval typically 20 ms to 100 ms.

· IP SDU error ratio of 10-4. 

· Only the downlink is considered.

· The CRC detection failure rate for RLC PDUs is assumed to be negligible. Therefore, the residual error rate above RLC is not considered. This is for further study.

· Dedicated channel. This is necessary in order to provide a guaranteed bit rate. Strictly speaking, it is enough to have an exclusively allocated resource, but in this contribution, a dedicated channel is assumed.

2.2 Implications

The assumptions above imply that the following functions are used in RLC:

· Acknowledged RLC. The fairly long allowed transfer delay enables the use of acknowledged RLC. This is also necessary in order to achieve the low SDU error ratio.

· Segmentation and/or concatenation of IP packets at the RLC layer. The IP packets for streaming services are typically too large to fit into a single radio block. Further, concatenation of (the last segment of) one IP packet with (the first segment of) another can be used to minimise the need for padding. Padding becomes necessary only if the transmit buffer is empty. Since the IP packet arrival interval is significantly lower than the allowed transfer delay, the risk of emptying the transmit buffer can be reduced by buffering a few IP packets before starting transmission over the radio interface, without significantly increasing the overall transfer delay.

3 Potential gains with FLO

3.1 Diagonal interleaving

Since FLO is used on a dedicated channel, it is possible to use diagonal interleaving. This will potentially improve BLER performance (for low to moderate code rates?).

3.2 Utilising smaller RLC/MAC header

On a dedicated channel some of the fields in the legacy RLC/MAC header are unnecessary. It is possible to define a reduced RLC/MAC header. With FLO, the saved bits could be used to improve the coding of the payload or increase the bit rate.

3.3 RLC/MAC header and RLC data encoded together

Assuming that incremental redundancy (IR) will not be used with FLO, it is not necessary to have a separate, more robust encoding of the RLC/MAC header. For the higher payload code rates, this means either more robust coding or higher bit rate.

3.4 Better bitrate match

With FLO it is possible to select an arbitrary RLC PDU size. This gives the possibility to maximise the link throughput for a given C/I (the “dips” in the throughput envelope of the EGPRS MCSs can be avoided). However, selecting the optimum coding scheme based on link quality is a difficult task already with the limited set of MCSs in EGPRS. Therefore this gain is more of a “theoretical” nature. However, in this study it is assumed that the optimum coding rate (MCS in the EGPRS case) can be chosen, which will give a slight advantage for FLO.

4 Realisation of streaming bearers

4.1 EGPRS

Standard EGPRS according to [1]

 REF _Ref31112437 \r [5]. For a given required bit rate, the best MCS in terms of throughput is chosen.

4.2 FLO

A FLO configuration with one transport channel (TrCH) is used. This is illustrated in Figure 1.
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Figure 1. Block format and encoding with FLO.

Two TFCI bits are used, which allows for up to four transport format combinations. The RLC block length (RLC/MAC header + data) is varied from 200 to 1250 bits with granularity of 50 bits.

4.2.1 RLC/MAC header

RLC/MAC header sizes for EGPRS are listed in Table 1 [1]. The header of MCS-7 to 9 has two block sequence number fields, which is not necessary for the configuration above. Further, resegmentation of RLC data PDUs is not considered in this contribution. Therefore, the header of MCS-5 to 6 can be used in all cases.

	MCS
	RLC/MAC header size


	7,8,9
	42 bits

	5,6
	30 bits

	1,2,3,4
	33 bits


Table 1. RLC/MAC header sizes for EGPRS.

Reduced RLC/MAC headers with only 2-3 octets have been proposed [2]

 REF _Ref31534931 \r [3]. The impact of header size reduction is evaluated in this contribution.

4.2.2 Channel coding

The channel coding is according to the technical report for FLO [4].

· The two TFCI bits are encoded to 12 bits.

· 12 bits CRC length (same length as for EGPRS)

4.2.3 Interleaving

40 ms diagonal and 20 ms block interleaving (according to the technical report [4]) are evaluated.

5 Simulations

To quantify the performance gains of FLO compared to EGPRS, link simulations were run.

5.1 Simulation assumptions

Due to the assumption made above (delay jitter neglected, transmit buffer at RLC layer never empty, CRC failures neglected), the IP packet size is not considered here, i.e., the data stream is seen as continuous. Therefore, the throughput at RLC layer can be used to evaluate performance. In the following sections, throughput envelopes are shown. The throughput S is calculated as

S = R (1-BLER)

where R is the peak data rate excluding RLC/MAC overhead and BLER is the block error rate. To compare different schemes, the C/I at which a required streaming rate can be achieved is used. BLER plots can be found in Annex A.

Further, the following conditions were used in all simulations:

· TU3 channel with ideal frequency hopping

· 900 MHz carrier frequency

· 10000 radio blocks per iteration for FLO, 3-5000 blocks per iteration for EGPRS

· 8PSK fullrate channel

· No IR

5.2 Block interleaving, normal RLC/MAC header, no separate encoding of RLC/MAC header

In this section, block interleaved FLO is compared with EGPRS. An RLC/MAC header size of 30 bits is used for FLO. The throughput envelopes are shown in Figure 2. Since a minimum bit rate must be guaranteed with coverage, only the lower C/I region (below, say, 20 dB) is of interest. In this region, the gain is in the order of 0-1.5 dB. 
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Figure 2. Throughput versus C/I for block interleaved FLO and EGPRS.

The gain for FLO in this case is partly due to the better bit rate match of the FLO transport formats. This gain is likely smaller in reality.  Part of the gain is due to that the RLC/MAC header is not separately encoded. For EGPRS, the separate encoding enables IR. With IR for both FLO and EGPRS, the performance difference is expected to be very small, as separate header encoding is needed also for FLO in this case. This is for further study.

5.3 Diagonal interleaving

Figure 3 shows throughput envelopes for FLO with 40 ms diagonal interleaving and 20 ms block interleaving. The gain is in the order of 0-0.8 dB. The reason for this modest gain is that the gain from the additional diversity, as seen in the BLER curves in Annex A, is less effective at the high BLER levels where throughput is maximised for acknowledged RLC.
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Figure 3. FLO with block and diagonal interleaving.

5.4 Reduced RLC/MAC header size

The throughput envelope with different RLC/MAC overhead is shown in Figure 4. The effect of reducing the overhead is that the throughput envelope is shifted vertically according to the extra data throughput. The gain by reducing the overhead to two octets is in the order of 0.3 dB. When all RLC/MAC overhead is removed the gain is 0.6 dB or less.
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Figure 4. Block interleaved FLO with different RLC/MAC header overhead.

6 Conclusions

Provision of streaming services over FLO has been evaluated and compared to streaming over EGPRS. Gains have been shown for FLO due to the following reasons:

· possibility to chose transport format with better match to bit rate

· diagonal interleaving

· reduced RLC/MAC header size

· encoding of  RLC/MAC header together with data (without IR)

However, the gains are quite small. The largest gain is due to the last bullet, which is possible only if IR is not used. If IR is used for FLO and EGPRS (for EGPRS, this is likely the normal case at least in downlink), the performance of FLO will likely be similar to that of EGPRS.

Therefore, it is recommended that the work on FLO be focused on optimisations for conversational services.
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Annex A BLER curves
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Figure 5. BLER versus C/I for diagonal interleaved FLO.
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Figure 6. BLER versus C/I for block interleaved FLO.
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Figure 7. BLER versus C/I for EGPRS MCS-5 to MCS-9.
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