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1
Introduction

UL DPCCH-based structure for uplink control design was agreed to be adopted as the DCH enhancements solution [1]. The UL DPCCH slot format is as proposed in [2], and TFCI is sent in the first 10 slots [2]. There are a few coding options to transmit the TFCI information in the first 10 slots. In this contribution, we present these coding options and use simulations to compare the performance. From the evaluation results, we propose to keep the R99 (32, 10) Reed-Muller code for TFCI transmission as the DCH enhancements solution.  
2
Coding of TFCI
In [2] as agreed by [1], for TFCI transmission, 20 TFCI bits shall be transmitted in the first available 10 slots. The TFCI is encoded using a (32, 10) sub-code of the second order Reed-Muller code. The coding procedure is as shown in Figure 1. As specified in [3], if the TFCI consists of less than 10 bits, it is padded with zeros to 10 bits, by setting the most significant bits to zero. The code words of the (32, 10) are linear combination of 10 basis sequences which are presented in Table 1. The output code words are given by:
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Where i=0,…,31 and The TFCI information bits a0 , a1 , a2 , a3 , a4 , a5 , a6 , a7 , a8 , a9 (where a0 is LSB and a9 is MSB) shall correspond to the TFC index (expressed in unsigned binary form).
Several other Reed-Muller codes have also been considered to encode the TFCI bits [4], as shown in Figure 2. The basis sequences for (20, 5) codes are in the following Table 2 and the basis sequences for (20, 7) codes are shown in Table 3. The output code words 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
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Figure 1: Channel coding of TFCI information bits in [3]
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Figure 2: Channel coding of TFCI information bits in [4]
Table 1: Basis sequence for (32, 10) TFCI code
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9

	0
	1
	0
	0
	0
	0
	1
	0
	0
	0
	0

	1
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0

	2
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1

	3
	0
	0
	1
	0
	0
	1
	1
	0
	1
	1

	4
	1
	0
	1
	0
	0
	1
	0
	0
	0
	1

	5
	0
	1
	1
	0
	0
	1
	0
	0
	1
	0

	6
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0

	7
	0
	0
	0
	1
	0
	1
	0
	1
	1
	0

	8
	1
	0
	0
	1
	0
	1
	1
	1
	1
	0

	9
	0
	1
	0
	1
	0
	1
	1
	0
	1
	1

	10
	1
	1
	0
	1
	0
	1
	0
	0
	1
	1

	11
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0

	12
	1
	0
	1
	1
	0
	1
	0
	1
	0
	1

	13
	0
	1
	1
	1
	0
	1
	1
	0
	0
	1

	14
	1
	1
	1
	1
	0
	1
	1
	1
	1
	1

	15
	1
	0
	0
	0
	1
	1
	1
	1
	0
	0

	16
	0
	1
	0
	0
	1
	1
	1
	1
	0
	1

	17
	1
	1
	0
	0
	1
	1
	1
	0
	1
	0

	18
	0
	0
	1
	0
	1
	1
	0
	1
	1
	1

	19
	1
	0
	1
	0
	1
	1
	0
	1
	0
	1

	20
	0
	1
	1
	0
	1
	1
	0
	0
	1
	1

	21
	1
	1
	1
	0
	1
	1
	0
	1
	1
	1

	22
	0
	0
	0
	1
	1
	1
	0
	1
	0
	0

	23
	1
	0
	0
	1
	1
	1
	1
	1
	0
	1

	24
	0
	1
	0
	1
	1
	1
	1
	0
	1
	0

	25
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1

	26
	0
	0
	1
	1
	1
	1
	0
	0
	1
	0

	27
	1
	0
	1
	1
	1
	1
	1
	1
	0
	0

	28
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0

	29
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	30
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	31
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0


Table 2: 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 3: 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


3 
Performance comparison 

In order to determine which code will be selected for TFCI transmission, we have conducted simulations to compare the TFCI error rates of the codes presented in Section 2. The simulation platform/assumptions are summarized as follows:

1. UL service 1: narrow band (NB) 12.2 kbps AMR (6 TFCs)
2. UL service 2: NB 4.95/5.9/7.95/12/2 kbps AMR (12 TFCs)
3. UL FET-less DPDCH

4. UL DPCCH (as shown in [1]-[2])
5. Fading channels: PA3, VA30, VA120, PB3
6. UL TPC error rate: 4%

7. Number of Rx antennas: 2

8. ILPC delay: 2 slots

9. Rake receiver

The simulation results are as shown in Table 4 & Table 5, which are averaged over all fading channels. For the legacy (32, 10) codes, we apply the first 20 bits of the legacy R99 (32, 10) RM codes (Table 1). 
Please note that the DCH enhancements are intended to target AMR voice over DCH and/or SRB over DCH. The simulations already include all possible AMR voice transmissions (12 TFCs) 

As we can see, in terms of code word error rate, the legacy R99 codes perform better than modified either (20, 5) or (20,7) codes in all scenarios and we can make the following observation:
Observation: using the first 20 bits of the legacy R99 (32,10) RM codes, the TFCI error rate is lower than using either (20,7) codes or (20, 5) codes.
Table 4: TFCI Code Error Rates (12.2 AMR)
	
	UL FET Less + 

(32,10) RM Codes
	UL FET Less +

(20, 5) RM Codes
	UL FET Less +

(20, 7) RM Codes

	TFCI Error Rate (single links)
	1.5E-4
	5.8E-4
	3.4E-4

	TFCI Error Rate (two links)
	4.0E-3
	7.8E-3
	7.1E-3

	TFCI Error Rate (three links)
	0.8E-2
	1.3E-2
	1.3E-2


Table 5: TFCI Code Error Rate (4.95/5.9/7.95/12.2 kbps AMR)
	
	UL FET Less + 

(32,10) RM Codes
	UL FET Less +

(20, 5) RM Codes
	UL FET Less +

(20, 7) RM Codes

	TFCI Error Rate (single links)
	4.6E-4
	12.9E-4
	7.1E-4

	TFCI Error Rate (two links)
	8.8E-3
	14.9E-3
	12.6E-3

	TFCI Error Rate (three links)
	1.5E-2
	2.4E-2
	2.1E-2


4
Conclusions
We have presented a few potential TFCI information coding options and shown evaluation results. The new codes proposed in [4] show performance degradation in terms of code word error rate. With legacy R99 RM codes, we can simply apply the first 20 bits of the (32, 10) codeword for TFCI transmission and the performance is better than modified ones. The decoding complexity should be the same among all codes presented in Section 2. Hence we propose:

Proposal: Keep the legacy R99 (32, 10) RM codes and apply the first 20 bits of each (32, 10) codeword for TFCI transmission as the DCH enhancements solution.
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