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Further considerations on multiple transport blocks per transport channel per TTI for FLO

1 Introduction

At GERAN#15 the performance of FLO with multiple transport blocks (mTrBlks) per transport channel (TrCH) per TTI was compared to the case in which only a single transport block per transport channel per TTI is transmitted [1]. The results presented in the document demonstrate that there are benefits to using mTrBlks per TrCH, with improvements observed for both the SDU FER and delay. Furthermore, link adaptation can be performed efficiently using all the TFCs within the TFCS without the need for block splitting. However, a number of concerns were raised about the possible additional complexity introduced with mTrBlks per TrCH. The present document addresses these issues and proposes some restrictions to limit complexity.

2 Layer 1 Architecture for FLO with mTrBlks per TrCH per TTI

In Figure 1, Figure 2 and Figure 3, three possible architectures for FLO with mTrBlks per TrCH are shown. With all three solutions, a new functional unit is required to multiplex blocks.

In Figure 1, the approach is to apply a CRC to each transport block separately before multiplexing them together, applying convolutional coding to the complete block and finally performing rate matching.
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Figure 1 - FLO with mTrBlks per TrCH – option 1.

An advantage of this solution is that only one set of tail bits is required before convolutional coding for all of the transport blocks being processed. However, in this case it is not possible to support incremental redundancy, as in the receiver each transport block will need to be decoded independently of the others (possibly after combining with previous retransmissions) and therefore should have its own set of tail bits to terminate the trellis of the Viterbi decoder properly.

Figure 2 shows one possible alternative where both CRC and convolutional encoding are applied separately to each transport block.
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Figure 2 - FLO with mTrBlks per TrCH – option 2.

Even in this case there is still a problem with introducing incremental redundancy as the redundancy version for each transport block cannot be controlled independently: a TFC could contain blocks which have been retransmitted a different number of times and hence should be transmitted with different redundancy versions. As the redundancy version is used by the rate matching algorithm to determine which set of bits are punctured, each encoded block should be rate matched separately. So IR cannot be supported with this option. Also, compared to option 1, this option has the disadvantage of additional overhead due to the presence of tail bits for each code block.

An alternative is shown in Figure 3, where the CRC, convolutional coding and rate matching are applied to each transport block separately.
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Figure 3: FLO with mTrBlks per TrCH – option 3

With option 3 it is possible to support incremental redundancy. As will be seen in section 3, this is the option that requires the highest computational complexity.

The most efficient coding architecture with mTrBlks per TrCH is to apply transport block concatenation after CRC attachment
 (option 1) as shown in Figure 1. At present, the introduction of Incremental Redundancy for FLO has not been agreed, and it is not clear whether IR will ever be supported by FLO. Therefore, it is sensible to choose the most efficient solution (option 1) even if it does not enable the support of IR.

With EGPRS using incremental redundancy, maximum throughput is obtained if RLC/MAC blocks are retransmitted with their original MCS, as demonstrated in results presented in [7]. Link adaptation is only used to select the optimum MCS for the first transmission of a block, and thereafter all blocks should be retransmitted using the original MCS. Since LA for retransmissions is not necessary, it is proposed to limit FLO to 1 TrBlk per TrCH per TTI when incremental redundancy is used (if it is to be introduced). By introducing this restriction, supporting incremental redundancy with mTrBlks per TrCH per TTI is not required.

In the simulations presented in [1], up to six transport blocks per transport channel per TTI have been used and for this reason, as mentioned in [3], it is proposed to limit the maximum number of TrBlks per TrCH per TTI to 8.

A further proposed requirement is to restrict the maximum number of bits over all of the transport blocks over all transport channels. This can be determined by considering the case in which the rate-matching algorithm punctures 2 out of 3 bits (so the effective coding rate is equal to 1), with one transport channel with only one transport block and the minimum number of coded TFCI bits, zero CRC bits and 6 tail bits. For GMSK this is equal to (464 – 8 – 6) = 450 bits, and for 8PSK is equal to (1392 – 16 – 6) = 1370 bits.

3 Complexity estimation

Table 1 provides estimates of the total number of addition, multiplication, and division operations for the CRC, convolutional coding and rate-matching functional units for option 3 (which can be viewed as the worst case in terms of additional processing power requirements compared to the single transport block configuration). The estimates have been derived using a particular implementation of the algorithms.

Two cases are considered, 1 Transport Block with size DL bits or m Transport Blocks with size DL’ bits. 

	Functional unit
	1 TrBlk per TrCH
	m TrBlks per TrCH

	
	Add

	Mul


	Div


	Add2
	Mul


	Div



	CRC
	1+ (CL+1)·DL
	0
	0


	[1 + (CL+1) · DL’]·m
	0
	0



	Convolutional coding
	14·(DL + CL + 6)
	0
	0


	14·(DL’+ CL + 6)·m
	0
	0



	Rate-matching
	3+DLE·(1+R)
	I+3
	1


	[3 + DLE’·(1+R’)]·m
	m·(I+3)
	m




I – number of transport channels.

DL, DL’ – number of data bits per transport block (i.e. transport block size).

CL – length of the CRC in bits.

DLE, DLE’ – number of encoded data bits per block e.g. DLE = 3·(DL + CL + 6)

1/R, 1/R’ – is the effective code rate (as an effect of rate-matching)

Table 1: Addition, multiplication and division estimates for FLO with one TrBlk per TrCH compared to FLO with m TrBlks per TrCH using option 3.

As an example, consider the case of 1 transport block per transport channel with a transport block size of 152 octets compared to 8 transport blocks per transport channel with a transport block size of 21 octets (this includes 17 bits for each header). The maximum throughput achievable in the two configurations is approximately the same. The number of operations required is summarised in Table 2 with one transport channel (I = 1). The CRC is size, CL is set to 8 bits and the effective code rate 1/R = (464–TFCIL)/DLE using GMSK modulation, where TFCIL is the number of coded TFCI bits. Eight TFCs are considered, thus TFCIL = 16.

	Functional unit
	1 TrBlk per TrCH
	m TrBlks per TrCH

	
	Add
	Mul


	Div


	Add
	Mul


	Div



	CRC
	10945
	0
	0


	12097
	0
	0



	Convolutional coding
	17220
	0
	0


	20384
	0
	0



	Rate-matching
	36903
	4
	1


	48240
	32
	8




Table 2: Computational estimates for 1 TrBlk per TrCH (Transport Block Size = 152 octets) and 8 TrBlks per TrCH (Transport Block Size = 21 octets) for option 3.

The largest processing overhead introduced in this example for processing mTrBlks per TrCH with option 3 is for the rate-matching unit, which requires an extra 28 multiplications to be performed and over 10000 extra addition operations. Since each transport blocks contains a separate header, the total number of bits to process is greater in the mTrBlk case. A number of optimisations could be made to the implementation, which would reduce the overhead incurred. 

With option 1, additional processing overhead is only incurred in the CRC unit and in the convolutional coding unit (because of the additional CRC sequences), which in the example shown in Table 2, equates to around 1152 additional modulo-2 additions. The rate matching algorithm is performed only once, so the number of multiplications and divisions in the case of m TrBlks per TrCH per TTI is the same as the case of 1 TrBlk. Thus, with this option, introducing mTrBlks per TrCH requires only a minimal amount of additional processing capacity.

4 Signalling requirements

Sending up to M transport blocks over one single transport channel could be achieved by defining M separate transport channels and sending one transport block over some or all of them during a particular TTI. The main disadvantage of this approach is that the maximum number of transport channels that it is possible to define per timeslot is limited to 8 [2], and therefore there is a risk that this limit is exceeded.

As an example, consider the FLO configuration given below. In this example, two TrCHs are defined, with the following Transport Format Sets (TFS):

	Transport format #
	Transport block size
	No. of transport blocks

	0
	0 (empty TF)
	0

	1
	50
	1

	2
	50
	2

	3
	50
	3


Table 3: Transport Format Set for Transport Channel #1.

	Transport format #
	Transport block size
	No. of transport blocks

	0
	0 (empty TF)
	0

	1
	80
	1

	2
	80
	2

	3
	80
	4

	4
	80
	6


Table 4: Transport Format Set for Transport Channel #2.

If only one TrBlk is allowed on a TrCH, then 9 transport channels would need to be defined, which exceeds the limit of 8 specified in the FLO TR [2].

The case of mTrBlks has also the advantage of a reduced amount of signalling needed at call set-up.  Consider for example the scenario described in [1], where one transport channel is defined, over which up to 6 TrBlks can be transmitted during a TTI. In the simplest case, where there is only one TrBlk per TrCH, the number of transport blocks carried by each transport format does not need to be signalled. However, if there is more than one TrBlk per transport channel, then the number of transport blocks per transport format needs to be provided. The number of transport blocks for each Transport Format would be included as a dynamic attribute of each Transport Format and should be added to table 5 of the FLO TR [2], as done in [6].

The following parameters need to be signalled for the transport channel:




TrCH Id

3 bits




CRC size

2 bits




RM attribute

8 bits

Then, to define the TFS, the following parameters need to be provided for each transport format (excluding the empty TF, which is not signalled):




number of TrBlks
3 bits (assuming a maximum of 8 TrBlks per TTI)




transport block size
10 bits

so 13 bits per transport format. The total number of bits required is 13+6·13 = 91 bits.

If on the other hand, 6 transport channels are defined, for each transport channel we need to provide the same information as above, so 13 bits per transport channel are needed. For each TrCH, only one transport format is defined, for which 10 bits are required (for the transport block size). Hence the total in this case is 6·(13+10) = 138.

5 Impacts on window size, BSN range and bitmap reporting

In [4] and [5] the size of window and bitmap reporting methods (including partial bitmap reporting under MS control) have been considered for FLO with one TrBlk per TrCH. The focus is on providing a simpler method for FLO compared with EGPRS, whilst not compromising the throughput.

For FLO with mTrBlks per TrCH, further consideration on the window size and bitmap reporting methods is required. The impact on the window size and BSN range of using mTrBlks per TrCH is directly related to the transport block size. In the worst case scenario, consider a TFC carrying 8 (8 is the maximum number being proposed in [6]) transport blocks of N octets, compared to the case in which one transport block is carried per transport channel, where a single transport block of 8·N octets is transported. The memory requirements in both cases are the same, but the BSN range and window size required are potential 8 times larger in the mTrBlk case. This may lead to excessively large ACK/NACK report bitmaps. However, the use of partial bitmap reporting and compression may reduce the size of the bitmap, particularly as the loss of each transport block within one radio packet is to some extent correlated. The worst case scenario for the size of the window is likely to be for streaming services requiring three or more downlink timeslots over a dedicated channel. In this case, however, the service is “asymmetric” (e.g. downlink only), and the uplink resource will be free for acknowledgment messages to be sent. Thus, more frequent polling could be an option to reduce the average size of each acknowledgment bitmap. The requirements for window size and BSN range need further analysis and simulations. It is probable that the existing EGPRS RLC/MAC protocol procedures will be sufficient to support FLO with mTrBlks per TrCH, albeit with larger window sizes and bitmaps.

6 Conclusions

This paper addresses some of the complexity concerns of introducing FLO with mTrBlks per TrCH. A number of key conclusions can be drawn:-

· For mTrBlks per TrCH per TTI, each transport block should be processed separately at the CRC functional unit and concatenated before channel coding, which is the most efficient approach. 
· The additional complexity introduced by FLO with mTrBlks, at physical layer, compared to the single TrBlk case, is small.

· The signalling required to configure transport channels used to transport multiple TrBlks is simpler than the in the alternative case of configuring multiple transport channels that transport one TrBlk each.

· Further analysis and work is required to define the size of the RLC acknowledgment window and bitmap reporting method required for FLO. However it seems likely that partial bitmap reporting and bitmap compression will be particularly useful in the mTrBlk per TrCH case.

· If incremental redundancy is used with FLO, it is proposed to limit only the use of one TrBlk per TrCH per TTI in this case; mTrBlks per TrCH per TTI will be used when LA only is enabled.

Furthermore, a conclusion drawn in [1] is that splitting of the RLC/MAC blocks will not be required and thus it is proposed to remove this functionality from the FLO TR. As a consequence, the SPB bits should be removed from the RLC/MAC headers. Those bits can be reused to increase the size of the BSN field.

A CR to FLO TR [2] introducing the mTrBlk per TrCH feature is presented in [6].
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� It is worth noting that, in the UTRAN, transport block concatenation is performed after CRC attachment, as in Option 1.


� Note that in the CRC and convolutional coding the estimated number of addition operations are modulo-2 additions.


� The multiplications are needed to calculate the values of Zij.


� The divisions are also needed to calculate the values of Zij.
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