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1 Introduction

In Evolved UTRA, there are hot discussions regarding joint vs. separate coding for DL control signalling [1,2]. Joint coding has the benefit of control signalling payload saving while separate coding can enable independent power control for each UE. This document provides link performance results of DL control signalling schemes and further analyzes the corresponding Node B power consumption with a semi-analytical way.
2 Performance Evaluation
2.1 Simulation Assumptions
Simulation assumptions are listed in Table 1 below. It should be noted that the simulation still assumes 25 subcarrier-RB, however it is expected that the conclusion of joint vs. separate coding will still hold when adopting the new numerologies. In addition, we assume n=5, where n is the number of OFDM symbols used to transmit control signaling in one TTI.
Table 1 Simulation assumptions

	Parameter
	Explanation/Assumption

	Transmission bandwidth (MHz)
	10

	Sub-frame duration (ms)
	0.5

	Sampling rate (MHz)
	15.36

	Number of occupied sub-carriers
	601 (including DC sub-carrier)

	Number of CP samples per OFDM symbol
	As specified in TR 25.814: 80 samples per symbol at the first OFDM symbol in one sub-frame, 72 samples per symbol for the remaining OFDM symbols

	Number of OFDM symbols per sub-frame
	7

	DL Channelization
	Distributed

	Antenna Configurations
	2x2

	Channel
	TU3

	Tx diversity scheme
	CDD is used (Cyclic delay value is set to 128)

	Modulation
	QPSK

	Channel coding
	R=1/3 Convolutional coding with Viterbi decoding 

	Channel estimation
	Realistic (linear interpolation in frequency domain, followed by averaging in time domain)

	Rate matching
	R99 Rate Matching.


For 10 MHz system bandwidth, there are 24 Resource Blocks available. We assume:

· CRC size: 12 bits

· UE ID: 12 bits

· Duration: 2 bits

· Bit-mapping approach is used to indicate resource allocation.

For separate coding, the needed signalling payload size is 12 (CRC masked with UE ID) + 2 (Duration) + 24 (Resource bitmap) = 38 bits.

For joint coding, assuming a short UE ID is used to indicate, for each resource block, which UE is using, the signalling overhead is calculated in the following table for the cases when 1, 2, 3,4 and 8 UEs are scheduled.

Table 2 Signalling Overhead for Joint Coding

	Number of UEs
	# of Bits for Duration (A)
	# of Bits for UE ID list (B)
	# of Bits for Resource Mapping (C)
	# of Bits for CRC (D)
	Total Bits (A+B+C+D)

	1
	2x1
	12x1
	24x1
	12
	50

	2
	2x2
	12x2
	24x2
	12
	88

	3
	2x3
	12x3
	24x2
	12
	102

	4
	2x4
	12x4
	24x3
	12
	140

	8
	2x8
	12x8
	24x4
	12
	220


As discussed above, for control signalling design targeted for 1 UE only, the control signalling payload is different when UE specific CRC is used (38 bits) or not (50 bits). For joint coding scheme, CRC is explicitly included as payload. To allow for a fair comparison, for separate coding, the CRC is also explicitly transmitted, which means 50 bit payload is adopted.
We simulated the signalling transmission formats listed in Table 3 below.
Table 3 Signalling transmission formats

	Number of UEs
	Modulation
	Signalling Bit Payload 
	After Encoding
	Rate Matching
	Total Subcarriers
	Subcarriers per OFDM symbol

	1
	QPSK
	50
	174
	200
	100
	20

	2
	QPSK
	88
	288
	300
	150
	30

	4
	QPSK
	140
	444
	500
	250
	50

	8
	QPSK
	220
	684
	750
	375
	75


Subcarrier-wise FDM with scattering is assumed in the simulation, i.e. all the subcarriers used for control signalling are fully scattered in frequency domain, which provides maximum frequency diversity gain.
In the simulation, reference symbols are transmitted in the 1st and 5th OFDM symbols while the L1/L2 control signalling is transmitted in the 2nd, 3rd, 4th, 6th, and 7th OFDM symbols.
2.2 Link Simulation Results

Link level performance is shown in Figure 1 below
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Figure 1 Link performance of Joint and Separate Coding
Required SNR per Rx antenna to achieve 0.01 BLER target is listed in Table 4 below.
Table 4 SNR @0.01 BLER

	Scenario
	Separate Coding
	Joint, 2 UEs
	Joint, 4 UEs
	Joint, 8 UEs

	SNR (dB)
	-0.28  
	0.44
	0.40
	1.08


NOTE: the purpose of this section is to provide link level input for the comparison of Node B power requirement. The link results are not assumed to be used to compare the link performance of separate vs. joint coding directly, since the code rate used for different schemes is not exactly the same.
2.3 Node B Power Requirements

In this section, we compare the power consumption of separate coding vs. joint coding based on link level results shown in previous section. The simulation methodology is as follows.
Assume Node B is transmitting control signalling to 
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in this contribution), and UEs are grouped into 
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groups according to their geometries (
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Perform a series of random experiments with UE geometry values randomly selected according to geometry CDF curve (in Annex A). For each random experiment:
· For each UE 
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· Draw a random number 
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· 
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 is the x-axis value in the geometry CDF curve corresponding to the y-axis value of 
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· Sort the geometry values 
[image: image15.wmf]i

G

 in ascending order as 
[image: image16.wmf]N

j

G

j

£

£

1

,

*

and 
[image: image17.wmf]*

*

2

*

1

...

N

G

G

G

£

£

£


· Assign the geometry values into 
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groups, with group 
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· Calculate the fraction of Node B power consumption for each group.

· For each group 
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, the control signalling transmission power should be set according to the lowest geometry 
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· The fraction of Node B power consumption 
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for each group, is calculated as 
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in dB refers to the ratio between the power spectral density of the received control signalling and the noise power spectral density, and is obtained from the link curve satisfying 1% BLER (see  Table 4).  For example, when one group contains 4 UEs, 
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 in dB is the lowest geometry value in the group. 
· 
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 denotes the number of subcarriers used for control signalling in each of the corresponding OFDM symbol interval (see Table 3). For example, when one group contains 4 UEs, 
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 denotes the total number of useful subcarriers under the given system bandwidth, which is 600 in case of 10 MHz system bandwidth.
· Finally, the total fraction of Node B transmission power 
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For system simulation scenario case 1 and 3 defined in TR 25.814, simulation results are shown below.
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Figure 2 CDF of Fraction of Node B Power Consumption (Case 1)
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Figure 3 Average Fraction of Node B Power Consumption (Case 1)
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Figure 4 CDF of Fraction of Node B Power Consumption (Case 3)
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Figure 5 Average Fraction of Node B Power Consumption (Case 3)

From the simulation results shown above, it can be clearly seen that separate coding requires less Node B transmission power compared with joint and group coding, thanks to independent power control for each UE. 
One perspective to see the benefits of separate coding over joint/group coding is to investigate the number of separately coded control channels that require same amount of average Node B power consumption as the joint/group coding scheme (we denote it as 
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 later ). For example, for case 1 with 8 UEs, joint coding (1 group) requires 33.3% of Node B transmission power while separate coding requires 17.0%, which implies that 
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. More results could be found in Table 5. 
Table 5 Equivalent number of Separately Coded Control Channels
	Scenario
	Number of UEs
	Number of Control Signalling Groups
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	Case 1
	8  
	1
	16

	
	
	2
	11

	
	
	4
	10

	
	4
	1
	7

	
	
	2
	5

	
	2
	1
	3

	Case 3
	8  
	1
	17

	
	
	2
	12

	
	
	4
	10

	
	4
	1
	7

	
	
	2
	5

	
	2
	1
	3


3 Conclusion

In this contribution, link performance and Node B power consumption were investigated for separate and joint coding of DL control signaling. Simulation results show that separate coding requires less Node B transmission power compared with joint and group coding, therefore it is proposed to adopt separate coding for DL control signaling.
4 References 
[1] NTT DoCoMo et al., R1-061544, “L1/L2 Control Channel Structure for E-UTRA Downlink”, 3GPP TSG RAN WG1#45 Meeting, Shanghai, China, 8 – 12 May, 2006.
[2] Motorola, R1-061163, “Downlink Control Channel Coding”, 3GPP TSG RAN WG1#45 Meeting, Shanghai, China, 8 – 12 May, 2006.
Annex

A: Geometry CDF for E-UTRA 

The geometry CDF was obtained using a typical set of simulation assumptions described in Annex A of TR25.814. The resulting geometry distributions are shown in figure A.1.
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Figure A.1. Geometry CDF for the each LTE simulation case
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