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1
Introduction

The benefits of a reduced data-associated control overhead in the UL was motivated and discussed in [1]. A new coding scheme to reduce this data-associated control overhead was discussed in [2].

In this contribution, we examine the sensitivity of best effort throughput to reduced E-DPCCH overhead via system simulation results.
Furthermore, we provide further details of the newly proposed encoder and emphasize the fact that the newly proposed E-DPCCH encoder, which is a 2nd order Reed-Muller (30,7) is indeed derived from the current E-DPCCH encoder which is a 2nd order Reed Muller (30,10) encoder. 
2
Summary of Improved E-DPCCH Coding Scheme
The improved E-DPCCH encoding scheme proposed in [2] makes use of a reduced set of transport block sizes i.e. instead of using 128 possible transport block sizes on E-DCH, we limit the set to 16 possible transport block sizes. This results in a reduction of 3 E-TFCI bits from 7 bits to 4 bits. The 2 RSN bits and 1 Happy Bit are still transmitted as before. 

In order to ensure compatibility with the existing E-DPCCH encoder, a 2nd order Reed-Muller (30,7) encoder was proposed in [2] by ensuring the following constraints: 

· The basis sequences for the proposed 2nd order Reed-Muller (30,7) encoder are chosen from the same basis sequences used in the current 2nd order Reed Muller (30,10) encoder. This means that existing E-DPCCH encoder designs (at the UE) and E-DPCCH decoder designs (at the Node-B) can be reused to realize the proposed encoding scheme. In fact the decoder implementation is much less complex (running existing E-DPCCH decoders less often per user) since we need to decode less number of hypotheses (128 instead of 1024).
· The number of coded bits in the new scheme is the same i.e. 30 coded bits. This ensures that we use identical spreading and modulation technique that exists today (same spreading factor and spreading code) to further process the 30 code bits to chips.

Figures 1 and 2 illustrate the above points. 

Figure 1 corresponds to the existing E-DPCCH encoding scheme wherein 10 E-DPCCH information bits comprising of
· 1 Happy Bit

· 2 Re-transmission Sequence Numbers (RSNs)

· 7 E-TFCI bits

are encoded using the 2nd order Reed Muller (30,10) encoder. In particular, the basis sequence matrix consists of 2 sub-matrices:

· H0: 32x7 matrix (highlighted in blue)

· H1: 32x3 matrix (highlighted in pink)

The output of this encoder is 30 code bits after puncturing 2 extra bits.

Figure 2 corresponds to the proposed E-DPCCH encoding scheme wherein 7 E-DPCCH information bits comprising of

· 1 Happy Bit

· 2 Re-transmission Sequence Numbers (RSNs)

· 4 E-TFCI bits

are encoded using the 2nd order Reed Muller (30,7) encoder. In particular, the basis sequence matrix is the identical sub-matrix H0 (32x7 matrix) that is used in the current 2nd order Reed Muller (30,10) encoder. This results in less operations in encoding the bits since the last 3 columns of the original basis sequence matrix are truncated.

The output of this encoder is 30 coded bits after puncturing 2 extra bits (identical operation as used in current encoder).
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Figure 1: Current 3GPP E-DPCCH Encoder: 2nd Order Reed Muller (30,10) encoder
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Figure 2: Improved E-DPCCH Encoder: 2nd Order Reed Muller (30,7) encoder
One attractive E-DPCCH decoding method is the one based on the maximum likelihood decoding principle. Due to the nature of basis sequences, the correlations in this algorithm could be computed using the Hadamard Transform. As an example of E-DPCCH decoder complexity improvement due to the proposed E-DPCCH encoder scheme, a Fast Hadamard Transform (FHT) based decoder could re-use the same 32 point FHT engine for both the current and proposed scheme due to the fact that the first 7 columns are the same in both encoding schemes.

The required E-DPCCH complexity can be characterized in terms of the number of times an FHT engine is required to be executed:

· For the existing (30,10) case, in order to decode the correct hypothesis, the 32-point FHT executes 16 times per user to compute 512*2 different metrics

· For the (30, 7) case, the same 32-point FHT engine executes 2 times per user to compute 64*2 different metrics.

· Hence, a side benefit of the proposed scheme is a reduction in decoding complexity by a factor of 8 for the proposed (30, 7) encoding scheme.
3
Summary of Link Performance of Improved E-DPCCH Coding Scheme

In this section, Table 1 summarizes the link performance improvement due to the improved E-DPCCH coding scheme (2nd order Reed-Muller (30,7) encoder) with respect to the current E-DPCCH coding scheme (2nd order Reed-Muller (30,10) encoder). 

Table 1: Link Efficiency Gain over (30,10) under different channel models (E-DPDCH TBS=120/307 bits)
	
	TBS = 120 bits

Gain of (30,7) over (30,10)
	TBS = 307 bits
Gain of (30,7) over (30,10)

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

	AWGN
	1.8 dB
	1.6 dB
	1.8 dB
	1.5 dB

	PA3
	1.8 dB
	1.6 dB
	2.0 dB
	1.6 dB

	PB3
	1.7 dB
	1.7 dB
	1.9 dB
	1.7 dB

	VA30
	1.8 dB
	1.8 dB
	1.8 dB
	1.6 dB

	VA120
	1.9 dB
	1.7 dB
	1.9 dB
	1.6 dB


We observe a gain of ~2dB in link performance between the proposed (30, 7) encoder over the current (30, 10) encoder. As we show in the next section, this translates to system capacity improvement for the full buffer traffic source.

4
System Simulation Assumptions

A system simulation was performed to characterize improvement in Average Sector Throughput for the Full Buffer Traffic Source model due to the proposed (30, 7) E-DPCCH encoder.

Table 2 highlights the system parameters used in the simulation. 

Table 3 lists the different transport blocks and their associated modulation and coding scheme as well as the associated traffic to pilot ratios, used for the purpose of this study.
Table 2: System Configuration Parameters

	Parameter
	Units
	Value
	Comment

	Total # Node-Bs
	
	19
	

	Cells per Node-B
	
	3
	Simulating a total of 57 cells

	Users per cell
	
	30  
	

	Carrier Frequency 
	MHz
	2000
	

	Inter-site Distance (ISD)
	m
	2800m
	

	BS Antenna Gain & Cable Loss
	dBi
	14.0
	

	Sector Antenna Gain
	dB
	
[image: image3.wmf]2

3

min12,

m

dB

A

q

q

éù

æö

êú

-

ç÷

êú

èø

ëû


	
[image: image4.wmf]q

 is angle w.r.t. antenna bore sight. 
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 is 3dB antenna beam width.

	BS Front-Back Ratio (
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	dB
	20.0
	

	Sector Antenna 3dB Beamwidth
	degs
	70.0
	

	Path Loss Model
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	UMTS 30.03, Section B.1.4.1.3

	UE Max Output Power
	dBm
	21
	

	BS Noise Figure
	dB
	9.0
	

	Shadowing Lognormal Standard Dev.
	dB
	8.0
	

	Shadowing Inter-site Correl. Coeff.
	
	0.5
	

	Shadowing Intra-site Correl. Coeff.
	
	1.0
	

	Power Control
	
	Enabled
	

	Channel Type
	
	3GPP Mix:

PA3: 30%, 

PB3: 30%, 

VA30: 20%, 

VA120: 20%
	See 25.896 for more details

	Receiver
	
	Rake Receiver
	

	Node-B  Channel Estimator
	
	Realistic
	

	Scheduler
	
	Greedy Filling Proportional Fair
	

	Traffic Model
	
	Full Buffer 
	

	Beta_ec
	
	+1, -1, -3dB
	

	Beta_ed
	
	+1 to 20 dB 
	Please see Table 3 for more details

	Beta_hs
	
	-inf
	HS-DPCCH turned OFF. 

	TTI Duration
	[ms]
	2
	


Table 3: MCS Table

	MCS
	Transport Block Size (bits)
	Modulation
	Target Number of Tx
	Number of codes
	Code Rate
	SF
	T/P

(dB)
	Instantaneous Data Rate (kbps)

(after Target number of Tx)

	1
	128
	BPSK
	4
	1
	0.33
	16
	1
	16

	2
	256
	BPSK
	4
	1
	0.33
	8
	4
	32

	3
	512
	BPSK
	4
	1
	0.33
	4
	6
	64

	4
	768
	BPSK
	4
	2
	0.33
	2
	8
	96

	5
	1024
	2xBPSK
	4
	2
	0.33
	2
	11
	128

	6
	2048
	2xBPSK
	4
	2
	0.33
	2
	13
	256

	7
	3072
	2xBPSK
	4
	2
	0.40
	2
	14
	384

	8
	4096
	2xBPSK
	4
	2
	0.53
	2
	16
	512

	9
	5120
	4xBPSK
	4
	4
	0.44
	4,2
	17
	640

	10
	6144
	4xBPSK
	4
	4
	0.53
	4,2
	18
	768

	11
	7168
	4xBPSK
	4
	4
	0.62
	4,2
	19
	896

	12
	8192
	4xBPSK
	4
	4
	0.71
	4,2
	20
	1024


5
System Simulation Results

Figures 3, 4 and 5 illustrate the system capacity improvement due to a reduction in E-DPCCH overhead. 

3 E-DPCCH set-points (+1, -1 and -3 dB) were considered:

· The +1 dB corresponds to the nominal E-DPCCH setting for the current E-PDCCH encoder (30,10).

· The -1 dB corresponds to the proposed encoder (30,7)
· The -3dB serves as an upper bound.
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Figure 3: Average Sector Throughput versus Average ROT
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Figure 4: Pr[ROT > 7dB] v/s Average ROT [dB]
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Figure 5: Fairness Plot
Table 4 summarizes the average sector throughput at mean ROT = 4, 5, and 6dB. The Mean ROT = 6 dB corresponds to the 1% ROT tail where the tail is defined as Pr[ROT > 7 dB].

	Number of Users Per Cell
	Mean ROT (dB)
	Mean Sector Throughput
(kbps)

Beta_ec = +1 dB
	Mean Sector Throughput
(kbps)
Beta_ec = - 1 dB
	Relative Gain in Throughput 

	30
	4
	565
	635
	12.2%

	30
	5
	778
	846
	8.8%

	30
	6
	845
	950
	12.2%


We observe an improvement in average sector throughput
 of the order of 8.8% to 12.2 % as a function of Mean ROT. In particular at the 1% tail point, the average sector throughput gain is 12.2%. 
6
Conclusions

In this contribution, we have summarized the proposed E-DPCCH encoding scheme that utilizes a reduced set of 16 possible transport block sizes instead of 128 possible sizes. The system capacity gain for the 30 user, Full Buffer case, in the absence of HS-DPCCH is observed to lie in the range of 8.8% to 12.2%.
In addition, the link efficiency gain in the range of 1.5 – 2 dB will directly equate to a link budget improvement of the E-DPCCH and therefore, of the overall UL transmissions. 

The utilization of the proposed coding scheme would be controlled by higher layer signaling. 
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� Simulations with HS-DPCCH modeled are still underway. 





6/9

