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1
Introduction

The benefits of a reduced data-associated control overhead in the UL has been motivated and discussed in [1]. This paper presents the link analysis result of the use of a new coding scheme for E-DPCCH. 
The E-TFCI field of the E-DPCCH is 7 bits long providing to the UE the flexibility to report 128 E-DPCH data rates. As discussed in [1] this fine granularity and large range of data rates is not necessary for many applications. Therefore, as a result a new E-DPCCH format is investigated in this paper with a reduced size E-TFCI field and with/without the use of the “happy bit”. 

The most salient features of this new coding scheme for E-DPCCH is to retain the same code structure as the current E-DPCCH. Indeed, the E-DPCCH is encoded by a 2nd order RM(30,10) code, this paper compares the link efficiency of such code with other two codes, namely 2nd RM(30,7) and 1st order RM(30,6). These codes are constructed from the channel encoder matrix used for the 2nd order RM (30,10) code by deleting the last 3 or 4 columns respectively i.e. the channel encoder matrices for the proposed codes are sub-matrices of the original channel encoder matrix.
2
Description of E-DPCCH Coding Schemes

The basis sequences for the (30,7) and (30,6) encoders are listed in Tables 1 and 2 respectively. As mentioned in the previous section, these codes are constructed from the channel encoder matrix used for the 2nd order RM (30,10) code by deleting the last 3 or 4 columns respectively i.e. the channel encoder matrices for the proposed codes are sub-matrices of the original channel encoder matrix. In that sense, these codes are fully backward compatible with the existing (30,10) E-DPCCH code.

As an example, an FHT based decoder could re-use the same 32 point FHT engine for all 3 cases. The decoders for both the (30,7) and (30,6) that result due to truncation of the original (30,10) matrix could use the same 32-point FHT engine used to decode the (30,10) code. In fact, for the (30,6) case, the same 32-point FHT engine executes once while for the (30,7) case, the same 32-point FHT executes 2 times. As a comparison, for the (30,10) case, the 32-point FHT executes 16 times. Hence, a side benefit of the proposed scheme is a reduction in decoding complexity by a factor of 16 or 8 for the (30,6) and (30,7) cases respectively.

Table 1: Basis Sequence for (30,7) E-DPCCH Encoder

	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6

	0
	1
	0
	0
	0
	0
	1
	0

	1
	0
	1
	0
	0
	0
	1
	1

	2
	1
	1
	0
	0
	0
	1
	0

	3
	0
	0
	1
	0
	0
	1
	1

	4
	1
	0
	1
	0
	0
	1
	0

	5
	0
	1
	1
	0
	0
	1
	0

	6
	1
	1
	1
	0
	0
	1
	0

	7
	0
	0
	0
	1
	0
	1
	0

	8
	1
	0
	0
	1
	0
	1
	1

	9
	0
	1
	0
	1
	0
	1
	1

	10
	1
	1
	0
	1
	0
	1
	0

	11
	0
	0
	1
	1
	0
	1
	0

	12
	1
	0
	1
	1
	0
	1
	0

	13
	0
	1
	1
	1
	0
	1
	1

	14
	1
	1
	1
	1
	0
	1
	1

	15
	1
	0
	0
	0
	1
	1
	1

	16
	0
	1
	0
	0
	1
	1
	1

	17
	1
	1
	0
	0
	1
	1
	1

	18
	0
	0
	1
	0
	1
	1
	0

	19
	1
	0
	1
	0
	1
	1
	0

	20
	0
	1
	1
	0
	1
	1
	0

	21
	1
	1
	1
	0
	1
	1
	0

	22
	0
	0
	0
	1
	1
	1
	0

	23
	1
	0
	0
	1
	1
	1
	1

	24
	0
	1
	0
	1
	1
	1
	1

	25
	1
	1
	0
	1
	1
	1
	1

	26
	0
	0
	1
	1
	1
	1
	0

	27
	1
	0
	1
	1
	1
	1
	1

	28
	0
	1
	1
	1
	1
	1
	1

	29
	1
	1
	1
	1
	1
	1
	1

	30
	0
	0
	0
	0
	0
	1
	0

	31
	0
	0
	0
	0
	1
	1
	1


Table 2: Basis Sequence for (30,6) E-DPCCH Encoder

	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5

	0
	1
	0
	0
	0
	0
	1

	1
	0
	1
	0
	0
	0
	1

	2
	1
	1
	0
	0
	0
	1

	3
	0
	0
	1
	0
	0
	1

	4
	1
	0
	1
	0
	0
	1

	5
	0
	1
	1
	0
	0
	1

	6
	1
	1
	1
	0
	0
	1

	7
	0
	0
	0
	1
	0
	1

	8
	1
	0
	0
	1
	0
	1

	9
	0
	1
	0
	1
	0
	1

	10
	1
	1
	0
	1
	0
	1

	11
	0
	0
	1
	1
	0
	1

	12
	1
	0
	1
	1
	0
	1

	13
	0
	1
	1
	1
	0
	1

	14
	1
	1
	1
	1
	0
	1

	15
	1
	0
	0
	0
	1
	1

	16
	0
	1
	0
	0
	1
	1

	17
	1
	1
	0
	0
	1
	1

	18
	0
	0
	1
	0
	1
	1

	19
	1
	0
	1
	0
	1
	1

	20
	0
	1
	1
	0
	1
	1

	21
	1
	1
	1
	0
	1
	1

	22
	0
	0
	0
	1
	1
	1

	23
	1
	0
	0
	1
	1
	1

	24
	0
	1
	0
	1
	1
	1

	25
	1
	1
	0
	1
	1
	1

	26
	0
	0
	1
	1
	1
	1

	27
	1
	0
	1
	1
	1
	1

	28
	0
	1
	1
	1
	1
	1

	29
	1
	1
	1
	1
	1
	1

	30
	0
	0
	0
	0
	0
	1

	31
	0
	0
	0
	0
	1
	1


2
Simulation Assumptions

This section goes over the assumptions for the link-level simulations. 
· Standalone Decoding for all the simulations presented
· E-DPDCH Transport Block Size 
· 120 bits (E-DPDCH T/P = 6 dB)

· 307 bits (E-DPDCH T/P = 9 dB)
· TTI: 2ms
· Target transmissions: 4.
· Node-B Rx antennas: 2.

· Coding schemes

· (30,10) – current scheme
· (30,6) – new coding scheme with no “happy bit” and 4-bit E-TFCI field
· (30,7) – new coding scheme with “happy bit” and 4-bit E-TFCI field
· Channel models: AWGN, PA3, PB3,VA30, VA120
3
Simulation Results
In the following, BLER stands for the E-DPCCH decoding BLER conditioned on E-DPDCH is decoded successfully. The event E-DPDCH is decoded successfully corresponds to a genie aided scheme wherein the E-DPDCH decoder has perfect knowledge of the E-DPCCH bits. Under this event, we examine the E-DPCCH BLER.
Case 1: E-DPDCH Transport Block Size = 120 bits

Figures 1-5 show the link-level performance comparison of the current E-DPCCH coding and the two newly proposed coding schemes. 
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Figure 1: Link Level comparison AWGN, E-DPDCH TBS = 120 bits
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Figure 2: Link Level comparison PA3, E-DPDCH TBS = 120 bits
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Figure 3: Link Level comparison PB3, E-DPDCH TBS = 120 bits
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Figure 4: Link Level comparison VA30, E-DPDCH TBS = 120 bits 
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Figure 5: Link Level comparison VA120, E-DPDCH TBS = 120 bits
Table 3: E-DPCCH/DPCCH requirement for three code formats and different channel models (E-DPDCH TBS=120 bits)
	
	BLER =0.1
	BLER=0.01

	
	(30,10)
	(30,7)
	(30,6)
	(30,10)
	(30,7)
	(30,6)

	AWGN
	-1.3 dB
	-3.1 dB
	-4.0 dB
	1.6 dB
	0.0 dB
	-0.9 dB

	PA3
	-1.4 dB
	-3.2 dB
	-4.2 dB
	1.6 dB
	0.0 dB
	-0.9 dB

	PB3
	-1.8 dB
	-3.5 dB
	-4.4 dB
	1.4 dB
	-0.3 dB
	-1.1 dB

	VA30
	-2.2 dB
	-4.0 dB
	-5.0 dB
	1.5 dB
	-0.3 dB
	-1.2 dB

	VA120
	-2.3 dB
	-4.2 dB
	-5.2 dB
	1.5 dB
	-0.2 dB
	-1.2 dB


Table 4: Link Efficiency Gain over (30,10) under different channel models (E-DPDCH TBS=120 bits)
	
	Gain of (30,7) over (30,10)
	Gain of (30,6) over (30,10)

	
	BLER = 0.1
	BLER = 0.01
	BLER = 0.1
	BLER = 0.01

	AWGN
	1.8 dB
	1.6 dB
	2.7 dB
	2.5 dB

	PA3
	1.8 dB
	1.6 dB
	2.8 dB
	2.5 dB

	PB3
	1.7 dB
	1.7 dB
	2.6 dB
	2.5 dB

	VA30
	1.8 dB
	1.8 dB
	2.8 dB
	2.7 dB

	VA120
	1.9 dB
	1.7 dB
	2.9 dB
	2.7 dB


Case 2: E-DPDCH Transport Block Size = 307 bits

Figures 6-10 show the link-level performance comparison of the current E-DPCCH coding and the two newly proposed coding schemes. 
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Figure 6: Link Level comparison AWGN, E-DPDCH TBS = 307 bits
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Figure 7: Link Level comparison PA3, E-DPDCH TBS = 307 bits
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Figure 8: Link Level comparison PB3, E-DPDCH TBS = 307 bits
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Figure 9: Link Level comparison VA30, E-DPDCH TBS = 307 bits
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Figure 10: Link Level comparison VA120, E-DPDCH TBS = 307 bits
The results are summarized in Table 5. 

Table 5:  E-DPCCH/DPCCH requirement for three code formats and different channel models (E-DPDCH TBS=307 bits)
	
	BLER =0.1
	BLER=0.01

	
	(30,10)
	(30,7)
	(30,6)
	(30,10)
	(30,7)
	(30,6)

	AWGN
	-1.6 dB
	-3.4 dB
	-4.3 dB
	1.2 dB
	-0.3 dB
	-1.2 dB

	PA3
	-1.6 dB
	-3.6 dB
	-4.3 dB
	1.1 dB
	-0.5 dB
	-1.1 dB

	PB3
	-2.0 dB
	-3.9 dB
	-4.9 dB
	1.0 dB
	-0.7 dB
	-1.4 dB

	VA30
	-2.8 dB
	-4.6 dB
	-5.4 dB
	1.0 dB
	-0.6 dB
	-1.6 dB

	VA120
	-2.8 dB
	-4.7 dB
	-5.6 dB
	1.0 dB
	-0.6 dB
	-1.7 dB


Table 6: Link Gain over (30,10) under different channel models (E-DPDCH TBS=307 bits)
	
	Gain of (30,7) over (30,10)
	Gain of (30,6) over (30,10)

	
	BLER = 0.1
	BLER = 0.01
	BLER = 0.1
	BLER = 0.01

	AWGN
	1.8 dB
	1.5 dB
	2.7 dB
	2.4 dB

	PA3
	2.0 dB
	1.6 dB
	2.7 dB
	2.2 dB

	PB3
	1.9 dB
	1.7 dB
	2.9 dB
	2.4 dB

	VA30
	1.8 dB
	1.6 dB
	2.6 dB
	2.6 dB

	VA120
	1.9 dB
	1.6 dB
	2.8 dB
	2.7 dB


4
Conclusions

This paper has presented the link efficiency of the current E-DPCCH coding scheme and has been compared with that of two new proposed schemes. We propose 2 schemes to support two types of users – users who are scheduled by a centralized scheduler and users who operate in autonomous mode (for eg. VOIP). The only difference between the two grouTBS of users is the existence of a happy bit.
Note that the link efficiency gain on the E-DPCCH channel of 1.5 to 2.9 dB equates to a system capacity gain of around 8 to 12%, based on the high level analysis in [1]. Also, this link efficiency gain will improve the E-DPCCH link-budget as summarized in the table below: 

Table 5: Link Efficiency Gain1 over (30,7) due to proposed E-DPCCH Encoders

	E-DPCCH Encoder
	E-DPDCH TBS [bits]
	E-DPCCH Link Efficiency Gain [dB]

	(30,6)
	120
	2.5 to 2.7

	(30,6)
	307
	2.2 to 2.7

	(30,7)
	120
	1.6 to 1.8

	(30,7)
	307
	1.5 to 1.7


1 Gains are summarized for Pr[E-DPCCH in error/E-DPDCH decodes successfully] = 0.01 

System analysis to confirm the high level system performance prediction will be presented in future meetings. 
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The following information is transmitted by means of the E-DPCCH:


- Retransmission sequence number (RSN):
xrsn,1, xrsn,2

- E-TFCI information:



xtfci,1, xtfci,2, ..., xtfci,7

- "Happy" bit:




xh,1
4.9.1
Overview

The figure below illustrates the overall coding chain for E-DPCCH.
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Figure 1: Coding chain for E‑DPCCH (30,10)
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Figure 2: Coding chain for E‑DPCCH (30,7)

[image: image13.wmf] 

E

-

DPCCH

 

Physical

 

channel

 

mapping

 

Multiplexing

 

x

rsn,2

, x

rsn,1

 

Channel

 

Coding

 

x

tfci,4

, ..., x

tfci,2

, x

tfci,1

 

x

1

, x

2

,..., x

6

 

z

0

, z

1

,..., z

29

 


Figure 3: Coding chain for E‑DPCCH (30,6)
4.9.2
E‑DPCCH information field mapping

4.9.2.1
Information field mapping of E‑TFCI

The E‑TFCI is mapped such that xtfci,1 corresponds to the MSB.

4.9.2.2
Information field mapping of retransmission sequence number

To indicate the redundancy version (RV) of each HARQ transmission and to assist the Node B soft buffer management a two bit retransmission sequence number (RSN) is signalled from the UE to the Node B. The Node B can avoid soft buffer corruption by flushing the soft buffer associated to one HARQ process in case more than 3 consecutive E‑DPCCH transmissions on that HARQ process can not be decoded or the last received RSN is incompatible with the current one.

The RSN is set by higher layers as described in [16]. The RSN is mapped such that xrsn,1 corresponds to the MSB.
The applied E-DCH RV index specifying the used RV (s and r parameter) depends on the RSN, on  Nsys / Ne,data,j, and if RSN=3 also on the TTIN (TTI number). For 10 ms TTI the TTI number is equal to the CFN, for 2 ms TTI 

TTIN = 5*CFN + subframe number

where the subframe number counts the five TTIs which are within a given CFN, starting from 0 for the first TTI to 4 for the last TTI. NARQ is the number of Hybrid ARQ processes.

Table 16: Relation between RSN value and E-DCH RV Index

	RSN Value
	Nsys / Ne,data,j <1/2
	1/2 ≤ Nsys / Ne,data,j

	
	E-DCH RV Index
	E-DCH RV Index

	0
	0
	0

	1
	2
	3

	2
	0
	2

	3
	[ (TTIN/NARQ( mod 2 ] x 2
	(TTIN/NARQ( mod 4


The UE shall use either

· an RV index as indicated in Table 16 and according to the RSN

· or, if signalled by higher layers only E-DCH RV index 0 independently of the RSN.

4.9.2.3
Information field mapping of the "Happy" bit

The UE shall set xh,1 as specified in Table 16A.

Table 16A: Mapping of "Happy" bit
	"Happy" bit
	xh,1

	Happy
	1

	Not happy
	0


4.9.3
Multiplexing of E‑DPCCH information

The E‑TFCI information xtfci,1, xtfci,2, …, xtfci,7, the retransmission sequence number xrsn,1, xrsn,2 and the "happy" bit xh,1 are multiplexed together. This gives a sequence of bits x1, x2, …, x10 where

xk = xh,1


      k=1

xk = xrsn,4-k


         k=2,3
xk = xtfci,11-k


   k=4,5,…,10

4.9.4
Channel coding for E‑DPCCH

Channel coding of the E‑DPCCH is done using a sub-code of the second order Reed-Muller code. 
For (30,10) code, coding is applied to the output x1, x2, ..., x10 from the E-DPCCH multiplexing, resulting in:
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i=0, 1, ..., 29
The basis sequences are as described in 4.3.3 for i=0, 1, ..., 29.

For (30,7) code, coding is applied to the output x1, x2, ..., x7 from the E-DPCCH multiplexing, resulting in:
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For (30,6) code, coding is applied to the output x1, x2, ..., x6 from the E-DPCCH multiplexing, resulting in:
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4.9.5
Physical channel mapping for E‑DPCCH

The E-DPCCH is described in [2]. The sequence of bits z0, z1, ..., z29 output from the E-DPCCH channel coding is mapped to the corresponding E-DPCCH sub frame. The bits are mapped so that they are transmitted over the air in ascending order with respect to i. If the E‑DCH TTI is equal to 10 ms the sequence of bits is transmitted in all the E‑DPCCH sub frames of the E‑DPCCH radio frame.

For compressed frames in the uplink and the case when E‑DCH TTI length is 10 ms, the bits mapped to the E‑DPCCH idle slots specified in 4.4.5.3 shall not be transmitted.
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