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1
Introduction

The current working assumption on TFCI encoding is [1]
-
The existing TFCI encoding using (32,10) code is used, and the first 20 bits are transmitted in the first 10 slots of the UL DPCCH TTI. The code words to be used are 0,1,2,…,N, where the N is the maximum number of TFCs -1.

-
MSB of the TFCI is used to indicate whether 10 ms or 20 ms transmission mode is used in the TTI
In April e-mail discussion, NSN shared a great contribution “Hamming distance analysis of Uplink TFCI code variants” [2] providing some observation about UL TFCI. NSN point out two observations with help of hamming distance analysis
1. To use the first 20 rows of the existing (32,10) code matrix might not be the best.

2. There is alternative way to indicate whether 10ms or 20ms transmission, which is better than to use MSB of the TFCI.
In this contribution, we verify the observations and provide our view on UL TFCI.
2
UL TFCI Analysis
2.1
Choice of different 20 rows
From [2], the minimum hamming distance of code is different if different 20 rows are chosen in the existing (32,10) code matrix. For example, as shown in Fig 1, in case that 5 information bits are considered {Mi,0, Mi,1, Mi,2, Mi,3, Mi,4}, the minimum hamming distance of the blue code matrix is 5 and that of the red one is 8. This tells us theoretically red code matrix is better. One simple simulation is performed for verification. Table 1 details the simple simulation.
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Figure 1 – Blue (row 0~19) and Red (row 9~28) code matrix
Table 1 – Description of the simple simulation
	Scenario
	24TFCs ( 5 information bits are required

(Codec Scenario A)

 - AMR : Null/SID/12.2k/7.95k/5.9k/4.75k
 - With/without DCCH
 - 20ms/10ms mode
TFC0 : Null & no DCCH & 20ms

TFC1 : SID & no DCCH & 20ms

TFC2 : 12.2k & no DCCH & 20ms

…
TFC23 : 4.75k & DCCH & 10ms

	Test method
	TFC0, 1, 2 are transmitted seperately and DTCH BLER is 1%.

TFCI CER is averaged over TFC0, 1, 2 by {43.75%, 6.25%, 50%}
In TFCI decoding, TFC0~TFC23 are all valid candidate

	Simulation setting
	New UL DPCCH embedded into Legacy UL for new TFCI transmission scheme

	Channel models
	PA3, PB3, VA30, VA120


Table 2 shows the TFCI CER (code error rate), and the results are averaged over PA3, PB3, VA30, and VA120. One may find that the red code matrix provides better TFCI CER.
Observation 1: To choose different 20 rows of existing (32,10) code matrix might improve TFCI performance
Table 2 – TFCI CER performance
	TFCI CER 
	blue code matrix
(row 0~19)
	red code matrix
(row 9~28)

	1-link
	1.5E-3
	1.7E-4

	2-links
	1.6E-2
	9E-3


2.2
10ms/20ms indication
There are two possible methods to indicate 10ms/20ms in TFCI. Given TFCI=0~N-1 for 20ms mode,
· MSB of TFCI : to use MSB(of 10bits) of TFCI

· 20ms mode : TFCI=0~N-1; 10ms mode : TFCI = 512~(512+N-1)
· Continuous indexing : to use continuous indexing
· 20ms mode : TFCI=0~N-1; 10ms mode : TFCI = N~(2*N-1)
These two indication methods represent two different code matrixes. Considering the case that 12 TFCs of 20ms are required, “MSB of TFCI” uses {Mi,0, Mi,1, Mi,2, Mi,3} to detail DTCH and DCCH information and {Mi,9} to indicate 10ms/20ms information. “Continuous indexing” uses {Mi,0, Mi,1, Mi,2, Mi,3, Mi,4} to describe DTCH, DCCH, and 10ms/20ms information. For example, as shown in Fig 2, when rows 9~28 are selected, “MSB of TFCI” uses {Mi,0, Mi,1, Mi,2, Mi,3, Mi,9} (the green code matrix) and “Continuous indexing” uses {Mi,0, Mi,1, Mi,2, Mi,3, Mi,4} (the red code matrix). It is found the minimum hamming distance of the red code matrix is 8 and that of the green one is 6. This tells us theoretically red code matrix is better. One simple simulation is performed for verification.
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Figure 2 – Red (Continuous indexing) and Green (MSB of TFCI) code matrix
The simulation is similar to that one described in Table 1, the only difference is that red and green code matrixes are used for comparison. Table 3 shows the TFCI CER (code error rate), and the results are averaged over PA3, PB3, VA30, and VA120. One may find that the red code matrix provides better TFCI CER.
Table 2 – TFCI CER performance
	TFCI CER 
	green code matrix

“MSB of TFCI”
(row 9~28)
	red code matrix
“Continuous indexing”
(row 9~28)

	1-link
	3.2E-4
	1.7E-4

	2-links
	1.1E-2
	9E-3


Observation 2 : To use MSB indicating 10ms/20ms might have worse TFCI CER performance
2.3
Further observation
“4 valid information bits” is a practical case. For example, 12TFCs for the scenario (4 information bits are required) (called Codec Scenario B in this contribution)
· Codec : Null/SID/12.2k
· With/without DCCH
· 20ms/10ms mode
Ref [2] does not provide the minimum hamming distance analysis for “4 valid information bits”. We provide it in below to complete the observation. Two different 10ms/20ms indication method and 11 different code matrixes row sets are analyzed. In Table 3, different column represents the different row sets of existing (32,10) code matrix. For example, (0~19) means row 0~19 of existing code set is extracted, (1~20) means row 1~20, and so on. It is found “Continuous indexing” is always better than “MSB of TFCI”. Since Codec Scenario B is the most common scenario, from the analysis in Table 3, it is proposed :
Proposal 1 : To use “Continuous indexing” for 10ms/20ms indication
With respect to signaling TFC and UL DPDCH power offset information, it is natural to use “Continuous indexing”, since network signals TFC and UL DPDCH power offset information one by one, and they are indexed by TFCI=0,1,2,… in order. When “Null without DCCH” is transmitted, DPDCH is DTXed. It seems Network might not need to transmit information for 10ms and for 20ms separately. However, to keep a consistent and simple rule, it is suggested to transmit information for 10ms and for 20ms separately even it might be redundant. 
Table 3 – Minimum hamming distance analysis for “4 valid information bits”
	Min Hamming distance 
	Row sets of existing (32,10) code matrix

	Valid code sets 
	0

~

19
	1

~

20
	2

~

21
	3

~

22
	4

~

23
	5

~

24
	6

~

25
	7

~

26
	8

~

27
	9

~

28
	10

~

29

	MSB of TFCI : 

Mi,0, Mi,1, Mi,2, Mi,9 
	5
	6
	6
	6
	7
	7
	7
	6
	6
	7
	7

	Continuous indexing : 

Mi,0, Mi,1, Mi,2, Mi,3 
	8
	8
	8
	9
	9
	9
	9
	9
	9
	9
	9


Table 4 lists the minimum hamming distance analysis for “4~7 valid information bits”. It is noted that the results of “5~7 valid information bits” are exactly the same as those in [2]. We provide results of “4 valid information bits” make the Table more complete. If only “4 valid information bit” is considered, the marked orange combination is good enough, which means as long as “Continuous indexing” is chosen, using the first 20 rows is good enough. If all “4~7 valid information bits” are concerned, the marked yellow combination may be chosen to improve TFCI performance. The yellow combination is “Continuous indexing” with row 9~28.
Observation 3 : If all “4~7 valid information bits” are concerned, using “Continuous indexing” with row 9~28 might improve TFCI performance.
Table 4 – Minimum hamming distance analysis for “4 ~ 7 valid information bits”
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3
Conclusions
We verified observation in [2] and provide more analysis to make it more complete. From Table 4, it is found to use “Continuous indexing” for 10ms/20ms indication is in general better, so we have the proposal.

Proposal 1 : To use “Continuous indexing” for 10ms/20ms indication

Given TFCI=0~N-1 for 20ms mode, “Continuous indexing” means
· 20ms mode : TFCI=0~N-1; 10ms mode : TFCI = N~(2*N-1)

In addition, we also have the below observation for discussion.

Observation 3 : If all “4~7 valid information bits” are concerned, using “Continuous indexing” with row 9~28 might improve TFCI performance.
It seems we need to collect all companies’ view to determine how many valid information bits are concerned.
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