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Combining Methods to Achieve early Decoding of final RLC Block

1 Preface

Latency can be improved during short transmissions by allowing earlier decoding of the final RLC block. As noted in ref [3] from Siemens, early decoding the final RLC block of a short transmission is a valuable contribution to reducing system latency since this decoding operation limits the earliest response time.

A number of methods have been proposed to GERAN which can lead to earlier decoding of the final RLC block. These include

· methods which pack the RLC block into a shorter duration (measured in TDMA periods) by distributing the block on multiple frequencies within each TDMA period (ref [1] [2] from Ericsson, Panasonic).

· A concept introduced in GERAN#27 (Ref [3]), called Variable Size Radio Block (VSRB), which shortens the block when it is not full.

This contribution shows how these concepts can be combined to achieve even earlier decoding of the final RLC block than would be possible individually.

2 Early Decode with Multi-Frequency 

The use of multiple receiver frequencies inside the same TDMA period allows the early decode of a RLC frame as shown below, while maintaining a level of frequency diversity gain equivalent to legacy mobiles (diversity over 4 frequencies, labelled F1 to F4). In this case the mobile station must contain two receive paths capable of operating simultaneously. Unused blocks can contain redundancy information which can be combined with the used block to allow error correction. In the illustration below, distributing the busts comprising the first block on two frequencies allows the block to arrive at the decoder 10ms earlier than in legacy systems, at the cost of requiring a dual frequency receive path. Frequency diversity gain, hence decode performance, is not degraded compared to legacy systems because each burst comprising the RLC block is transmitted on a different frequency.

[image: image1.emf]time

F1

F2

F1

Early RLC frame 

decode with dual frequency receiver

Legacy

F

x

Key

Represents 1 burst, from a RLC  frame with information,

tranmitted on frequency F

x

F2

F3

F3

F4

F4

F1 F3

F2

F4

Represents 1 burst, from a redundant RLC frame,

TDMA 

Frame 

N

TDMA 

Frame 

N+1

TDMA 

Frame 

N+2

TDMA 

Frame 

N+3

1stRLC

frame

2ndRLC

frame (redundant)

F3 F1

F4

F2

1stRLC

frame

2ndRLC

frame (redundant)


Figure 1: Early RLC frame decode with dual frequency

The benefit of using Multiple frequencies in the same TDMA frame can also be applied to a single frequency receive path as illustrated in the following figure. In this case bursts are distributed on two frequencies in each TDMA frame by ensuring there is a ‘gap’ to retune within the TDMA frame (in the illustration below the mobile has 1 slot to re-tune). Then two bursts from each RLC block can be transmitted in a single TDMA period. In this case, where only one RLC frame needed to be transmitted, its decoding is brought forward by 10 ms without impact on frequency diversity gain. 
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Figure 2: Early RLC frame decode with dual frequency/ single trx

The benefit of multiple frequency can be extended beyond the use of 2 frequencies in a TDMA frame. In the following figure early decode is illustrated in the case of a 4 frequency trx, where only 3 RLC frames need to be send in the final RLC block period. The final RLC frame can contain redundancy information. In the illustration below, where 3 out of 4 possible RLC frames contain data, the decode time is advanced by 5ms compared with legacy receivers.
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Figure 3: Early RLC frame decode with quad frequency

3 Early Decode with VSRB

Latency can be improved when the final RLC radio block of a transmission is only partially full. The basic idea, called VSRB, is to ensure all the information needed to decode the RLC block is contained in earliest bursts, provided it fits in these bursts. 

VSRB is fully described in Ref [3] but for convenience is illustrated below. It is assumed that enough information is in the first two bursts of the RLC block period for a decode attempt to take place. The second two bursts contain redundant information to allow further decode attempts using incremental redundancy decoding. Although frequency diversity is reduced for the first decode attempt, it is fully exploited during later attempts and on average earlier decoding can be expected. For example, if the radio block is half full it can be decoded up to 10ms earlier with a consequent improvement in latency. This is illustrated below. 
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Figure 4: VSRB

4 Early Decode with combined VSRB and Multi-Frequency

VSRB can be combined with multiple frequency/ multislot operation. In this case N RLC frames are sent in a single RLC period, assuming N slots are used. With legacy mobiles, each burst of the RLC frames must be transmitted over a different one of the 4 TDMA frames otherwise frequency diversity gain is lost.

During the final RLC block period of a transmission, only a subset of the N available RLC frames may be actually needed for data (since the number of RLC frames transmitted is not necessarily an exact multiple of N); the remaining frames can contain redundancy information. With a legacy mobile, not capable of multi-frequency operation with one TDMA frame, none of the RLC frames can be decoded early, since all frames are spread over the entire RLC block period, i.e. 4 TDMA frames.

If the last RLC frame is not full, then multi-frequency operation can be combined with VSRB to deliver the last RLC frame even earlier. In the illustration below the last RLC frame is only 50% full, and is coded according to VSRB principles. A single receive path is assumed with multi-frequency operation achieved by using timeslots with time separation for retuning. In the illustration below, decoding of the final RLC frame is advanced by:

· 5ms compared to pure dual-frequency without VSRB

· 5ms compared to pure VSRB without dual-frequency

· and by 15ms compared to legacy mobiles:-
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Figure 5: VSRB & dual frequency/ single trx

In summary, the following steps can be taken to reduce latency by advancing in time the decode of the final RLC frame of a multislot transmission:

(1) Reduce the TTI of each RLC frame to 10ms (if two frequencies used) or 5 ms (if 4 frequencies used). 

(2) Use VSRB coding during the final RLC block period, if this would bring forward decode time.

5 Conclusion

It has been shown that two separate methods can be combined to allow early decoding of RLC frames:

· VSRB, and 

· “Multi-frequency”: distribution of a block on multiple frequencies with within one TDMA period.

Multi-frequency may be used either with:

· multiple trx paths (capable of simultaneous operation at different frequencies), or 

· A single trx path, provided that time is allowed for retuning

The case of a single trx path can be regarded as a special case of the multi-frequency case, suitable for less complex implementations. It is also suitable for uplink using single transmitter paths.

Multi-frequency and VSRB are beneficial when employed as separate techniques but obtain even greater benefits when used together.

6 Proposal

It is proposed that the above discussion is added to the feasibility study on GERAN evolution within the section regarding reduced latency.
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