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1 Introduction

Currently, two coding schemes are under consideration for E-UTRA downlink control information transmission:

-  Separate coding: The control information to each UE is coded separately.

-  Joint coding: The control information to all UEs or a group of UEs is jointly coded.

In the case of separate coding, UE independent power control can be used to achieve the control signaling demodulation reliability. In the case of joint coding, the control information bits overhead can be reduced and larger size of coding block can provide more coding gain. However, for joint coding, the transmitting power can only be controlled based on the UE with the worst channel condition. Therefore, which coding scheme  will be adopted  is based on their cell coverage performance with the same demodulation reliability.

 In this contribution, we provide some evaluation results for the two coding schemes to compare their cell coverage performance.  

2 Descriptions of simulation
To compare the cell coverage performance, the required transmission power for control signaling to achieve 1% BLER for all UEs is used as the evaluation criterion[1][2]. 
In the simulation, the ideal fast power control based on CQI is assumed[1]. For separate coding, the power control is UE independent. For joint coding, the power control is UE group independent based on the UE with the worst channel condition in the group.  
For joint coding, the number of UE groups is set from 1 to 4. If the group number is more than 1,  the principle of grouping is that UEs which have the similar CQI (i.e. received SINR without power control) are allocated into one group. Figure 1 shows the SINR CDF  for 500 meters ISD with 20 dB penetration loss (Fast fading is included).  And the defined SINR scopes for different UE groups are listed in Table 1.
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Figure 1. Received SINR CDF for 500 meters ISD

Table1. The defined SINR scopes for UE groups
	Maximum Number of UE groups
	SINR scope for UE groups (dB)

	2
	Group_1: [ -10.0 , 6.66 )        Group_2: [6.66 , 25.0 )

	3
	Group_1: [-10.0 , 4.04 )          Group_2: [ 4.04 , 9.72)
Group_3:  [ 9.72, 25.0 )

	4
	Group_1: [-10.0 , 2.75 )          Group_2: [ 2.75 , 6.66 )
Group_3:  [6.66 , 11.57 )        Group_4: [ 11.57 , 25.0 )


Only the control signaling for downlink scheduling is considered in the simulation. The required control information bits overhead is listed in Appendix A. It shows  that when the number of scheduled UEs (denoted as ‘
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’) are more than 2, the bits overhead of joint coding is smaller than separate coding and the reduction becomes more and more remarkable with the increasing of 
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. In order to show the benefit of bits reduction of joint coding, we assumed that the same amount of  resources is used for both joint coding and separate coding for a specific value of 
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.  The resources overhead is determined based on the requirement of separate coding as calculated in Appendix B. Then the repetition is used  for joint coding because of its fewer bits overhead [3].
In the simulation, the transmission of control signaling is FDM and distribute as shown in Figure 2~3. It’s assumed that the first and second reference symbols are transmitted in the 2nd and 6th OFDM symbols respectively. Considering the transmission power balance, there’s no control signaling transmitted  in these two OFDM symbols. 
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Figure 2. FDM and distribute transmission for separate coding

[image: image6.png]Frequency

01 2 3 4 5 5 7
Time

Subframe

HHI

n n 2B

]

it





Figure 3. FDM and distribute transmission for joint coding (an example of 2 UEs in one group)
The complete list of simulation parameters is given in Table 2.
Table 2 Simulation parameters

	Transmission BW
	10MHz

	Sub-frame duration
	0.5 ms (7 OFDM symbols)

	CP Length (μs/samples)
	4.69/72

	Sampling frequency
	15.36 MHz

	Number of occupied sub-carriers
	600

	Sub-carrier spacing
	15kHz

	Channel environments
	6-path Typical Urban, 3km/h

	Antenna configuration
	1 Tx antenna, 2 Rx antenna (MRC)

	Link simulation parameters

	Channel-estimator
	non-ideal

	Modulation
	QPSK

	Channel coding
	Coding rate =1/3 
Convolutional  coding (K=9),

Turbo coding/Max-Log-MAP decoding with 8 iterations

	System simulation parameters

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per cell

	Inter-site distance (ISD)
	500m

	Penetration loss
	20 dB

	Distance-dependent path loss
	L=128.1 + 37.6log10(R), R in kilometers

	Lognormal Shadowing
	Log Normal Fading with 0 mean,
8dB standard deviation

	BS transmit power
	46dBm

	UE Noise Figure
	9dB

	Scheduling algorithm
	PF

	Link / System interface
	AVI


3 Simulation results
The link simulation results are shown in Figure 4 in form of  required instantaneous SNR for BLER=1% versus the number of scheduled UEs whose control information is in one coding block (denoted as ‘
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’). The instantaneous SNR is defined as the ratio of  total received signal power (the signal prior to any receiver processing) during a subframe to the average noise power in the signal’s bandwidth. 
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Figure 4. Required instantaneous received SNR for BLER=1% versus the number of 
scheduled UEs whose control information is in one coding block
      Figure 4 shows that for separate coding, i.e. 
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=1, convolution coding is preferable, and for joint coding, i.e. 
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>1,  turbo coding is preferable. As a result of  repetition, the coding gain of joint coding to separate coding is obvious, for example, 1dB when 
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=4 and 2.3 dB when  
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=10. 
The system simulation results for the amount of required transmission power to achieve 1% BLER for all scheduled UEs is shown in Figure 5.
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Figure 5 Required transmission power versus the maximum number of scheduled UEs
The  CDF of averaged required transmission power for control signalling to one UE at 
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 is shown in Figure 6.
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Figure  6. CDF of averaged required transmission power for control signalling to one UE at 
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The simulation results show that the required transmission power for joint coding is reduced when the maximum number of UE groups increases. However, even though the maximum number of UE groups is 4, the required transmission power of joint coding is still larger than that of separate coding. Therefore, when  the Node B transmission power for control signalling is fixed, the cell coverage of separate coding is larger than joint coding. 
4 Conclusions 
In this contribution we evaluate the cell coverage performance of separate and joint coding schemes for downlink control information in forms of  the amount of required transmission power. From the simulation results, it can be concluded that separate coding scheme with CQI based power control outperforms joint coding scheme in the cell coverage performance.  
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6 Appendix A
About the  total control information bits (
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) used in the simulation, we made reference to [1] as listed in Table 3.
Table 3 Control information bits overhead for different number of scheduled UEs
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 Note

	
	Separate coding 
	Joint coding

	1
	57
	Null

	2
	114
	116

	3
	171
	142

	4
	228
	192

	5
	285
	218

	6
	342
	244

	7
	399
	270

	8
	456
	320

	9
	513
	346

	10
	570
	372


Note ：
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 of separate coding = 24
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(Resource assignment) + 17 
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(others) + 16 
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 of  joint coding = 24
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 (Resource assignment) + 26 
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7 Appendix B

The subcarriers resource overhead (
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) for control signaling transmission is calculated based on the requirement of separate coding. QPSK ,1/3 coding rate and convolution coding with 8 tail bits for separate coding  are assumed in the simulation. Then, 
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.  As we have pointed out , the repetition can be used  for  joint coding. The actual coding rate with repetition for joint coding is listed in Table 4.
Table 4  Coding rate with repetition for joint coding 
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	2
	3
	4
	5
	6
	7
	8
	9
	10

	Coding Rate with repetition
	1/3.31
	1/4.05
	1/4.00
	1/4.40
	1/4.72
	1/4.98
	1/4.80
	1/4.99
	1/5.16
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