
2

3GPP TSG-RAN WG2 #60bis




R2-080358
14th-18th, January 2008





Sevilla, Spain
Agenda item:
6.4.3
Source: 
QUALCOMM Europe

Title: 
Padding analysis for E-DPDCH
Document for:
Discussion, Decision
1. Introduction

In this contribution we present a padding analysis for the E-DPDCH payload in the context of the enhanced UL for CELL-FACH work item.
2. Discussion
The enhanced UL for CELL-FACH work item focuses on enhancing the transmission of small to medium payloads of data while the UE is in CELL-FACH state and as such the focus is different from the objective of CELL-DCH where very high payloads must be supported on both the UL and the DL.
The agreements made so far on this work item is to the re-use of parts of the E-DCH channel structure. Thus we think that some analysis should be done on the required length of the E-DPCCH fields.

The field of primary interest in the E-DPCCH control channel is the length field since it is the largest (7 bits) and the one for which the use case changes the most in the context of this work. The main reason for selecting such a length was the fact that the UE has to be able to signal transmission of large payloads (up to ~22000 bits in release 7 if 16QAM is used) and the necessity to maintain a small average padding.

It was shown in [1],[2] that using 4 bits instead of 7 bits provides about 2dB gain. In this contribution, we look at the padding penalty that has to be paid and possible solutions.

The code points in the length field for 7 bits were selected to be exponentially distributed and result in an average padding of 2%. In the discussion that follows, first we assume a similar distribution of the code points and analyze the average padding with respect to two different factors:

· The bit-width of the length field: from 4 to 7 bits

· The maximum transport block size that has to be supported in the context of this work item

We then consider a new TB set in order to minimize the padding specifically for E-DCH in CELL_FACH. This set eliminates the MAC padding assuming that the RLC produces fixed size PDUs . For the flexible PDU sizes as part of the ‘Improved L2’, the padding effect is also analyzed.

2.1. Padding analysis
We look at the padding effect if we use the exponential distribution up to a maximum TB size. In Figure 1, average padding is shown in terms of the E-TFCI bits and the maximum TB size. We consider 2500 bits to be a reasonable maximum size when E-DCH is transmitted in CELL_FACH. If it is assumed that the MAC SDU sizes are uniformly distributed up to the maximum TB size, then the padding loss is about 10% going from 7 bits to 4 bits as shown in the figure. Now we look at more specific scenarios of interest to CELL_FACH:
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Figure 1 Impact of E-TFCI field on EDPDCH padding
Case 1:

First we assume that RLC PDU sizes are fixed as multiples of 320 bits. If we also assume that at most 8 such PDUs will be multiplexed in CELL_FACH, then the required TB sizes to send these with no padding are {320*n+16+18 : n=1,…,8} = {354, 690, 1026, 1362, 1698, 2034, 2370, 2706}.Here 16 and 18 bits are for RLC and MAC headers respectively. Now, an exponentially distributed TB set to accommodate them can be generated as:

Table 1: E-TFCI Table (4 E-TFCI bits)

	Index
	0
	1
	2
	3 
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	TB size
	18
	120
	149
	187
	234
	292
	365
	457
	571
	714
	893
	1116
	1395
	1743
	2179
	2724


Above we reserved 18 bit TB size for SI and then assumed a min size of 120 bits and max size of 2724 bits. Then we calculated the other sizes as follows: 
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In this case, the average padding can be calculated to be around 5.5% so the difference between 4 bits and 7 bits is now about 5.5-1.25=4.25%. 
Case 2:

We now consider other TB sets to further decrease the padding found above. This can be done if the RLC PDU sizes are known and TB sizes are chosen to match accordingly. For the RLC AM mode, common choices for the RLC PDU sizes are 320 and 640 bits. For this case, we can choose 16 TB sizes signalled by 4 bits as follows:
         TB_set = {18, 120, 140, 163, 190, 222, 259, 303, 372, 708, 1044, 1380, 1716, 2052, 2388, 2724}
This set was generated to fit RLC PDU sizes of 320 and 640 bits with no or small padding and by using the exponential distribution between 120 bits and 354 bits in addition to the 18 bit SI one. For TB sizes above 354 bits, an 18 bit space was reserved for the SI information so if the SI is not sent, these 18 bits will be padded. Thus, for the RLC AM mode with these PDU sizes, the MAC padding is now negligible. The smaller TB sizes were selected to reduce the padding for other RLC PDU sizes. It is also possible to eliminate MAC padding completely but only for the RLC AM mode by using the following set where two TB sizes are reserved for one RLC PDU size to send both with and without SI:
TB_set = {18, 354, 372, 690, 708, 1026, 1044, 1362, 1380, 1698, 1716, 2034, 2052, 2370, 2388, 2706}

Case 3:

Finally we consider the case if the RLC PDU sizes are not fixed. As mentioned before, with the flexible RLC PDU sizes as part of ‘Improved L2’, the PDU sizes can vary depending on the RLC SDU sizes. Assuming a uniformly distributed MAC SDU size between the min and max above, it was shown in Figure 1 that there is a 10% loss between 4 and 7 bits of E-TFCI field. But if the maximum RLC PDU size is set to 320 bits in CELL_FACH, then the padding loss is about 6% for the TB set in Case 1. Therefore in order to take advantage of the link efficiency gain of 4 bits in this case, the maximum RLC PDU size should be 320 bits.
3. Conclusion

We show that there is a 10% MAC padding loss by using 4 bits of E-TFCI instead of 7 bits if RLC PDU sizes are flexible. The loss decreases if the RLC PDU sizes are fixed. We looked at the case when RLC PDU sizes are multiples of 320 bits. For this case if an exponentially distributed TB set is used, the loss is reduced to 4.25%. We proposed a TB set in order to completely eliminate this loss. Reduced number of E-TFCI also provides gains for variable RLC PDU sizes in ‘Improved L2’ if the maximum RLC PDU size is set to 320 bits.
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