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1 Introduction

In RAN1#47 meeting in Riga, it has been decided that at least two formats for control signalling supported as working assumption. Compared with single MCS format, the possible benefits of multiple MCS formats are as following [1]: 

·  Allowing for finer link adaptation with a suitable MCS format for each control channel. This reduces the required dynamic range by TPC, which in turn reduces the variations in inter-cell interference.
· Reducing the control channel overhead by employing high MCS formats as well as low MCS formats which support cell edge UEs.

However, multiple formats will impact the control channel resource mapping, control channel format indication, and the complexity of UE blind detection. The actual MCS configuration (how many and which) should be decided earlier. In this contribution, the system throughputs under different MCS configurations are compared by system-level simulation. 

2 System level simulation
The MCS configuration effects on resource overhead and demodulation performance of control channel which in turn determine the performance of data transmission. Therefore, this simulation compares the different MCS configurations through the throughput of shared data channel.     

In the simulation, the MCS configurations with single format, two formats and three formats are evaluated. For simplicity, only QPSK modulation is adopted. Multiple MCS formats are expressed as multiple coding rates.
The MCS configurations evaluated in the simulation are listed below:

- Single MCS level: code rate R = 1/3

- Two MCS levels: code rate R = 1/3, 1/6 or R = 1/2, 1/4

- Three MCS levels: code rate R = 1/2, 1/4, 1/8 or R = 2/3, 1/3, 1/6

In Appendix B, the BLER performance of different MCS is given. 

According to the target receiving SNR at 1% BLER, the SINR range division of each MCS level in a specific MCS configuration is list in the Table 1.

Table 1 SINR range division of each MCS level

	MCS configuration
	SINR range division (dB)

	Single MCS level
	R=1/3: [-10.0 25.0]

	Two MCS levels_1
	R=1/4:[-10.0 5.05)  R=1/2: [5.05.0 25.0 ]

	Two MCS levels_2
	R=1/6:[-10.0 2.4)  R=1/3:[2.4 25.0]

	Three MCS levels_1
	R=1/8:[-10.0 1.5)  R=1/4:[1.5 5.05)  R=1/2:[5.05 25.0]

	Three MCS levels_2
	R=1/6:[-10.0 2.4)  R=1/3:[4.4 7.55)  R=2/3:[7.55 25.0]


In one sub-frame, the average receive SINR (CQI) of scheduled UE is estimated assuming full power transmitting in the interfering cells. The CQI estimation error is also considered in the simulation [2].  

In the case of Multiple MCS levels, for one scheduled UE the suitable MCS level (code rate) of control channel is determined based on which SINR range the estimated SINR resides in.
After the MCS is determined, the transmit power is adjusted according to the estimated average CQI over entire frequency band and the target SINR at 1% BLER.

It is assumed that the number of control information bits to one DL scheduled UE is 58 and 36 to one UL scheduled UE in 10MHz BW. 

The control channels for both DL scheduling and UL scheduling are located in the first n (n<=3) OFDM symbols of each sub-frame and distributed over the entire frequency band. For simplicity, the number of control channels for DL scheduling is equal to that of UL scheduling in each MCS format. It is assumed that the maximum of simultaneous DL (or UL) scheduled UEs is 10 for 10MHz bandwidth [3]. The requirement of total subcarrier and transmit power for the control channels to the scheduled UEs dynamically determines the number of available OFDM symbols. When the required resource exceeds the resource of 3 OFDM symbols, the scheduled UEs with worst CQI are removed one by one until it doesn’t exceed.  If the OFDM symbols are not filled up by control channels, the residual subcarriers are not used for data. Data transmission starts at the next OFDM symbol to the OFDM symbols for the control channel.
Only the DL data throughput is simulated. The scheduled UE must decode the control signaling correctly and then receive the data to it. If the control channel decoding fails, the corresponding data transmission is discarded. In the simulation, all the cells transmit control channel and data channel in the same scheme as assumed. The control channel demodulation performance at UE is impacted by the control channel transmission in the adjacent cells.
The simulation parameters are listed in Appendix A.
3 Simulation Results
The sector throughputs of evaluated MCS configurations in case 3 and a large cell (8860m ISD, 0dB PL) are summarized in Table 2.
Table 2 Throughput results for MCS configurations
	MCS configuration
	Case3
	Large cell (8860m ISD,  0dB PL)

	
	sector throughput
(Mbps)
	5%-tile UE throughput
(Mbps)
	sector throughput
(Mbps)
	5%-tile UE throughput
(Mbps)

	R=1/3
	13.24 
	2.143
	10.82
	1.484

	R=1/2,1/4
	13.57 
	2.237
	11.22 
	1.562

	R=1/3,1/6
	13.75 
	2.280
	11.56 
	1.647

	R=1/2,1/4,1/8
	13.65 
	2.288
	11.45 
	1.644

	R=2/3,1/3,1/6
	13.84 
	2.296
	11.59 
	1.656


The simulation results show that MCS configurations with multiple coding rates outperform single coding rate （R=1/3）. The gain of sector throughput is 2.5%~4.5% and the gain of 5% -tile (cell edged) UE throughput is 4.4%~7.5%. Therefore, multiple MCS formats are needed to improve the cell coverage of control channel.
However, the gain of MCS configuration with 3 code rate to that with 2 code rate is no more than 1%. 
More MCS formats for control channel will increase the complexity of control channel format indication and UE blind detection. Therefore, R=1/3, 1/6 is preferred.  
4 Conclusion
In this contribution, we compare the performance of different MCS configurations by system-level simulation. According to the simulation results, two MCS formats of R = 1/3, 1/6 is proposed for downlink L1/L2 control channel. 
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Annex A: Simulation parameter

The complete list of simulation parameters is given in Table 3.

Table 3 Simulation parameters

	Transmission BW
	10MHz

	TTI
	1 ms (14 OFDM symbols)

	CP Length (μs/samples)
	4.69/36

	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
	Convolutional  coding (K=9),

	System simulation parameters

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per cell, 30 UEs per sectors.

	Inter-site distance (ISD)
	1732m, 8660m

	Penetration loss
	20 dB, 0dB

	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

	CQI reporting delay
	1ms

	Link / System interface
	EESM


Annex B: Link simulation results
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Figure 1. BLER performance of different coding rate

The required receiving SNR values with different coding rate at 1% BLER are listed in Table 4.

Table 4 required receiving SNR (2Tx combining) values with different coding rate at 1% BLER

	Coding rate
	2/3
	1/2
	1/3
	1/4
	1/6
	1/8

	SNR for DL (dB)
	7.55
	5.05
	2.4
	1.5
	-0.8
	-1.86

	SNR for UL (dB)
	7.32
	4.85
	2.3
	1.33
	-1.0
	-2.05










































































