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1 Introduction
The issue for downlink shared control were discussed in the previous meeting.  The contribution gives some further analyses on the aspects. 
2 Multiplexing rules of downlink shared control
TDM enable macro-sleep for more power efficient UE. The control information is put into the first 1 or 2 symbols. The principle is to concentrate control into shortest duration per sub-frame as possible. It works better in case of one reference signal for sub-frame. It is also applicable for in case we split reference signal into 2 symbols, e.g. slightly degradation of channel estimation by the 1st symbol out of 2.

It was proposed to scattered the control symbols into entire sub-frame, looked as FDM. Based on our preliminary simulation in [1], performance for 3 symbols data pertain similar performance as 6 symbols for different velocities. Thus, the scattered method does not possess so prominent performance gain than others in resistance of time variation. 

Another benefit of the scattered method is the possible power boosting for control can be averaged through the sub-frame. This will enhance Average Coverage Rate of the critical shared control. However, regarding the power is not the only the factor to ensure error rate, averaging the energy could be replaced by other means. 
2.1 TDM or FDM
The typical TDM and FDM multiplexing are illustrated in the Figure 1. Here we pickup two representative cases. For FDM case, we incrementally add the subcarrier and symbol position. The TDM case is only done by putting Control into the second symbol. Both of the cases do not occupy reference symbol position.
. 
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Figure 1. TDM and FDM multiplexing
2.2 Simulation analysis
Here we give analysis with simulation on the topics. In the simulation, reference symbols are transmitted in the 1st and 5th OFDM symbols. To simplify the cases, we assume one control signalling coding blocks contains 24 information bits and 16 CRC tail bits.  
Table1. simulation assumption
	System bandwidth
	5MHz

	Number of sub-carriers
	301

	Sub-carrier spacing
	15 kHz

	UE velocity
	30 km/h

	Symbol duration
	Useful data
	66.67 sec

	
	Cyclic prefix
	4.75 sec

	Sub-frame length
	0.5 msec (7 OFDM symbols)

	Modulation scheme

and

channel coding rate
	QPSK , R = 1/3(Repetition = 1, 2, 3, 4)
Constraint length K=9

	Channel coding 
	CC 

	Receiver diversity
	2

	Channel model
	6-ray Typical Urban
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Figure 2. Cmparison of performance, TDM vs FDM multiplexing
In the above simulation, we can see both of the method does not provide much performance gain over each other. Based on this, borrowing more power from non-control sub-carrier may not make much differency. To simplify the system, we should choose a scheme less entwined with data multiplexing. TDM seems to be the case.
3 Modulation order and coding rate
The simulation tried to identify the worse case MCS. Figure 2 gives CDF distribution to of 1 frequency reuse.  The simulation is done on (case3). We can see 95% CDF user are approximate -5dB of above.
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Figure 3. Cumulative Distribution Function, of Case 3
4 Conclusion

In this contribution we give analysis on two aspects of DL shared control. It is recommended that TDM be chosen for simplicity. Based on the data, QPSK with (Coding rate /repetition) = 1/12 provide sufficient coverage for control signalling.
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Appendix

System level simulation assumption for [3]
Table A.2.1.1-3 – Macro-cell system simulation baseline parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	See Table A.2.1.1-1

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

I=128.1 – 2GHz,   I=120.9 - 900MHz 

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	See Table A2.1.1-1 

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth
	See Table A.2.1.1-1


	Total BS TX power (Ptotal)
	43dBm – 1.25, 5MHz carrier,   46dBm - 10MHz carrier

	Inter-cell Interference Modelling
	DL: Explicit modelling else cell power = Ptotal

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters
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