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1 Introduction 
A new WI “DCH Enhancements for UMTS” was agreed in RAN#61 [1]. One objective of the WI is to specify the uplink DPCCH slot format optimization toward the uplink Frame Early Termination (FET). 
The TFCI information in uplink is important to assist the uplink DCH decoding. It is valuable to optimize the uplink DPCCH slot format aiming at the TFCI transmission for uplink FET. In this contribution we will discussion some aspects of the uplink TFCI transmission.

2 TFCI Transmission
BTFD (Blind Transport Format Detection) in uplink is a network controlled option. When a larger number of UEs and higher data rate to be supported, a NodeB is becoming more and more hardware resource limited. We don’t think the uplink BTFD is an option for DCH enhancement.
Whenever NodeB tries to decode the data, it first performs early decoding for TFCI. UL FET could only be possible after the TFCI is decoded successfully. So in order to assist UL FET, the TFCI information should be delivered to NodeB as early as possible.
Proposal 1:
The uplink DCH transmission is TFCI based. The TFCI information is delivered to NodeB as early as possible.
The maximum number of TFC currently supported is 1024, which is quite more than required in the network. For example, for 12.2k AMR service, 16 TFCs are enough. Considering simultaneous services to be supported, this number should be enlarged. According to our experience, it is enough for 128 TFCs to operate in the network without any limitation.
Proposal 2:
The maximum number of TFC for DCH is limited to 128.

There are two proposed ways as below to early deliver the TFCI information, aiming at the early transmission of TFCI information.
Option 1:
As illustrated in Figure 1, a new UL control channel, FET-DPCCH, is proposed, which reuses the structure of HS-DPCCH channel. The TFCI information is transmitted during the first two slots of DTCH TTI. Subsequent slots after TFCI is sent are dedicated to transmission of the ACK signal. The TFCI is encoded using the (20,5) Reed Muller code currently used for CQI encoding in the HS-DPCCH channel.

Option 2:
As illustrated in Figure 2, the UL DPCCH is slightly modified. The TFCI information is transmitted in the first 7 slots (as an example) within a 20ms TTI, while the FET ACK/NACK indication is transmitted in the remaining slots. The TFCI is encoded using the (20,5) or (20,7) RM code.
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Figure 1:  TFCI in New UL FET-DPCCH (Figure 4.1.3.1-1 in 25.702 [2])
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Figure 2:  TFCI in Modified UL DPCCH (Figure 4.1.3.2-1 in 25.702 [2])
3 TFCI Information Coding
The TFCI information could be encoded using a (20, 5) or (20, 7) Reed Muller code depending on the number of TFCI information bits. The coding procedure is as shown in Figure 3.
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Figure 3:  Channel coding of TFCI information (Figure 4.1.3.2-2 in 25.702 [2])
In current specification several sets of basis sequences for RM coding have been defined for TFCI and CQI encoding [3]. Unless a significant gain could be obtained, the already defined basis sequences should be re-used for TFCI encoding. 

The code words of the (20, 5) code could be a linear combination of the 5 basis sequences denoted Mi,n defined in Table 1 (Table 15A of 25.212 [3]). The code words of the (20, 7) code could be a linear combination of the basis sequences denoted Mi,n defined in the Table 2 (Table 15C of 25.212 [3]) for
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For the TFCI information bits a0, a1, a2, a3, a4 or a0, a1, a2, a3, a4, a5, a6 (where a0 is LSB and a6 is MSB) correspond to the TFC index (expressed in unsigned binary form), the output code word bits bi are given by:

for the (20, 5) code, 
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for the (20, 7) code, 
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where, i = 0, …, 19, and b20 = 0.

Table 1:  Basis Sequences for (20, 5) Code
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4

	0
	1
	0
	0
	0
	1

	1
	0
	1
	0
	0
	1

	2
	1
	1
	0
	0
	1

	3
	0
	0
	1
	0
	1

	4
	1
	0
	1
	0
	1

	5
	0
	1
	1
	0
	1

	6
	1
	1
	1
	0
	1

	7
	0
	0
	0
	1
	1

	8
	1
	0
	0
	1
	1

	9
	0
	1
	0
	1
	1

	10
	1
	1
	0
	1
	1

	11
	0
	0
	1
	1
	1

	12
	1
	0
	1
	1
	1

	13
	0
	1
	1
	1
	1

	14
	1
	1
	1
	1
	1

	15
	0
	0
	0
	0
	1

	16
	0
	0
	0
	0
	1

	17
	0
	0
	0
	0
	1

	18
	0
	0
	0
	0
	1

	19
	0
	0
	0
	0
	1


Table 2:  Basis Sequences for (20, 7) Code
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10

	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	3
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	5
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	6
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1

	7
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1

	8
	1
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1

	9
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1
	1

	10
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1

	11
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1
	0

	12
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0
	0

	13
	1
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0

	14
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1

	15
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0

	16
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1

	17
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1
	1

	18
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1
	0

	19
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1


The (15,5) code could also be considered, using the same basis sequences for (20,5) code as defined in Table 1. Due to the property of the basis sequences in Table 1, the performance of (15,5) code and (20,5) code is expected to be quite close.
The output code word bits bi for (15,5) code are given by:
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Proposal 3:
The (20,5), (20,7) and (15,5) RM code are considered for TFCI encoding. Reuse the already defined sets of basis sequences.
4 Conclusion 
The TFCI information is important for uplink DCH decoding, especially to assist the uplink FET. NodeB depends on the TFCI information to decode the uplink DCH then the uplink FET could be attempted. To encode the TFCI information, the existing RM code for HSDPA CQI encoding is discussed and could be reused.
We propose that, 
Proposal 1:
The uplink DCH transmission is TFCI based. The TFCI information is delivered to NodeB as early as possible.
Proposal 2:
The maximum number of TFC for DCH is limited to 128.
Proposal 3:
The (20,5), (20,7) and (15,5) RM code are considered for TFCI encoding. Reuse the already defined sets of basis sequences.
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