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1 Introduction
At RAN1#45 meeting in Shanghai and RAN1 Ad hoc meeting in Cannes, the multiplexing scheme between downlink L1/L2 control channel and shared data channel was discussed and two options were proposed :

· TDM : located at the beginning of a subframe
· FDM : scattered during the full subframe
TDM is possible of power saving with “micro-sleep” and short latency. FDM allows for the power balancing between shared data channel and control channel to improve the cell coverage.[1]

  In [2]-[4], FDM and TDM are compared from the viewpoint of coverage. The conclusion from [2] and [3] is that there is no visible difference in the coverage of TDM or FDM, while the conclusion from [4] is that FDM with power balancing may possible for the UEs at cell edge.

The multiplexing scheme is a basic issue of downlink control channel and should be decided primarily. In this contribution, some evaluations of TDM by the link and system simulations are provided for reaching a decision.
2 Description of Simulation 

The reason of FDM proposed is that it is possible for TDM not to achieve the required cell coverage of control channel with limited subcarrier resource and transmitting power.

Therefore, in this contribution the required total transmitting power of control channel with TDM to satisfy the 1% BLER performance is evaluated. If the required total power does not exceed the fixed transmission power of first one or two OFDM symbols or exceed in few scenarios, it can be conclude that TDM is sufficient for cell coverage and FDM is not needed. 
In the evaluation, separate coding for the control signaling is used since it has been demonstrated that separate coding with CQI based power control shows better cell coverage than joint coding [5][6][7]. 

3 Simulation Assumption

It is assumed that the number of control information bits to one scheduled UE is 57 for 10MHz BW referring to [6], and QPSK 1/3 coding rate is used. The resource overhead of each control channel is 100 subcarriers. 

The control channel is distributed at the beginning of a subframe. The subcarriers of one control channel are in the same OFDM symbol. For 10 MHz BW with 600 available subcarriers, the first OFDM symbol in one subframe can contain 4 control channels at most (200 subcarriers for reference signals [8]), and the second OFDM symbol can contain 6 control channels.  

The structure of control channel in the simulation is illustrated in Figure 1. 

[image: image8.bmp]
Figure1 control channel structure in the simulation

In the simulation, when the scheduled number of UEs is no more than 4, only the first OFDM symbol is assigned to control channels, when the number is from 5 to 10, the first and second OFDM symbols are assigned to control channels. 

Non-ideal CQI based power control is assumed in the simulation. The impact of the CQI measurement error using reference signal is considered referring to [5]. The standard deviation of the measured CQI (instantaneous received SNR) is a function of the actual instantaneous received SNR value. To achieve the required receive SNR for 1% BLER, the required transmission power of control channel is determined by the measured CQI.
The complete list of simulation parameters is given in Table 1.
Table 1 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 
（DFT interpolation in frequency domain 

linear interpolation in time domain）

	Modulation
	QPSK

	Channel coding
	Coding rate =1/3

Convolutional  coding (K=9),

	System simulation parameters

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

	Inter-site distance (ISD)
	500m, 1732m

	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
	Proportional Fairness （PF）

	User per sector
	200

	Link / System interface
	AVI


    It is also assumed that in the first OFDM symbol the 1/6 power is assigned to the reference signals. Then, excluding the transmission power occupied by reference signals, the power of 45.2dBm in the first OFDM symbol can be used for control channel. If the number of scheduled UE is larger than 4, both first and second OFDM symbol is used for control channel transmission as assumed above. Then, the total available power for control channel is 48.6dBm.  
4 Simulation results

The link simulation result in Figure 3 shows that the required instantaneous received SNR（Es/No）for control channel to one UE at 1% BLER is -0.72dB.
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Figure 3. Link simulation result

In system simulation, two scenarios are evaluated:

· the scheduled users are selected with normal  PF scheduling algorithm.
· all the scheduled users are cell-edge users.  The cell-edge users are defined as the users with worst geometry performance (5 percent) in one cell.
(1) Proportional Fairness (PF)-scheduled users

The C.D.F results of required total transmitting power for different number of PF- scheduled users are shown in Figure 3-4.  
[image: image3.png][ [ Jogwer

11
ey iy

/1]
/T
yaval

s wm o as
total transmission-

o
power (dBm)




Figure3.  C.D.F of required total transmitting power for PF-scheduled users, ISD = 500m
(Note: 48.6 dBm is the total available power for control channels in the first and second OFDM symbols)
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Figure 4.  C.D.F of required total transmitting power for PF-scheduled users, ISD = 1732m

Figure3 and 4 show that even when number of scheduled UEs is 10, the required total transmitting power is not over the NodeB transmitting power in near 99% probability.
(2) Cell-edge users

The C.D.F results of required total transmitting power for different number of cell-edge scheduled users are shown in Figure 5-6.
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Figure 5 C.D.F of required total transmitting power for cell-edge users, ISD = 500m
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Figure 6 C.D.F of required total transmitting power for cell-edge users, ISD = 1732m

In figure 5 and 6, it is shown that when 10 cell-edged users are scheduled simultaneously, the required total transmitting power exceeds the NodeB transmitting power in the probability of 30% for 500m ISD and 55% for 1732m ISD. It’s a high level to imply that TDM can not work in this case. However, the probability reduces observably with the decrease in the number of scheduled users. When the number of scheduled users is less than 8, the probability becomes lower than 10%. 
 Thus, it can be implied that if the number of simultaneously scheduled users was reduced slightly (e.g. <=8) TDM could satisfy the cell coverage requirement.  
5 Conclusion

In this contribution, the multiplexing schemes of downlink L1/L2 control channel are evaluated. The simulation results show that in most of cases TDM can provide the reliable demodulation performance of control channel, and for cell-edge users TDM can also satisfy the required cell coverage by means of reducing the number of simultaneously scheduled users.  
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Control channel for UE2 in the second OFDM symbol 
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