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1. Introduction

Multiplexing of L1/L2 control channel with data via TDM or FDM has been discussed in previous RAN1 meetings [1]. TDM has a benefit of possible micro-sleep gain. On the other hand, FDM has a possibility to adjust transmission power between L1/L2 control and data. In addition, RAN1 also has been discussed joint coding and separate coding between UEs. The gain of separate coding is the possibility to have power control and then to adjust transmission power among control channels [2].
In this document, we compared TDM and FDM with data in case of separate coding with power control by using relatively simple system simulation.
2. Simulation
2.1. Simulation methodology/assumption
We compared four following methods (a)~(d) shown in Figure.1 and Table.1. All four methods are separate coding because separate coding has a merit of reduced power usage[2] . 
(a) Static control/data resource TDM:  T/F resource ratio of control and data is statically controlled according to cell environment, e.g. geometry distribution. Power ratio among control channels is controlled subframe-by-subframe according to UE’s channel quality. If required transmission power for control channel exceeds the total Node B transmission power, one of the control channels is muted. 
(b) Dynamic control/data resource TDM:  control T/F resource is variable in each subframe by AMC. The remaining T/F resource is used for data. Transmission power for control channels and data channels is fixed. 
(c) Static control/data power FDM: the sum of control channel power is statically controlled according to cell environment, e.g. geometry distribution. The remaining power is used for data. Power ratio among control channels is controlled subframe-by-subframe according to UE’s channel quality. Control T/F resource and data T/F resource is semi-static.
(d) Dynamic control/data power FDM:  control channel power is controlled in each subframe according to UE’s channel quality. The remaining power is used for data. Control T/F resource and data T/F resource is semi-static.
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Figure.1 comparison of four methods

Table.1 Comparison of simulated condition
	
	Power ratio among control channels
	Power ratio between the sum of control and the sum of data
	T/F resource ratio among control channels
	T/F resource ratio between the sum of control and the sum of data

	(a) Static control/data resource TDM
	Dynamic according to UE's channel quality
	Semi-static 

	Fixed. Equally shared among UEs.
	Semi-static

	(b) Dynamic control/data resource TDM
	Static
	Dynamic according to T/F resource ratio
	Dynamic by AMC for control channel
	Dynamic by AMC for control channel

	(c) Static control/data power FDM
	Dynamic according to UE's channel quality
	Semi-static
	Fixed. Equally shared among UEs.
	Semi-static

	(d) Dynamic control/data power FDM
	Dynamic according to UE's channel quality
	Dynamic in each subframe
	Fixed. Equally shared among UEs.
	Semi-static


Following simulation methodology is used in the evaluation. 
(a) Static control/data resource TDM

(0) Define T/F resource for control channel and data channel 
T/F resource Nctrl_fixed for control channel is defined. The remaining T/F resource is used for data channel. T/F resource for data channel is calculated as follows. 
          Ndata_symbol = Ntotal – Nctrl_fixed  (Ntotal is total number of T/F resource)
In this simulation, optimized value in terms of average throughput is used. 
(1) Schedule UE randomly
For each UE k, a random SINRk value is determined from the geometry curve. This means the scheduling is carried out in random fashion. This SINR value represents SINR of control channel and data channel for each UE. The number of chosen UEs is the same as the number of control channels in a subframe.
(2) Calculate required transmission power for each control channel
The required transmission power of control channel (Pctrl, k) for UE k is calculated using the SINR obtained in step (1). This corresponds to power control of the control channel based on UE’s channel quality. 
       Pctrl, k = required SINR – SINRk    (in dB)
The required SINR is derived from number of control channel bits and number of T/F resource for control channel set in step (0) using the Shannon formula for each UE. Note that 4dB degradation[4] from the Shannon formula is assumed.
(3) Check the sum of each UE's required control power 
If the sum exceeds the total Node B's transmission power, one of UE chosen is not allocated. The choice is random. The T/F resource for this control channel and data channel is not used.
(4) Calculate throughput using the Shannon formula Ck=log(1+SINRk ) x Nr for each UE. Nr is resource factor Ndata_symbol / Ntotal.  is degradation factor (-4dB). 
(1) – (4) are iterated 10000 times (sub-frames) and average throughput is calculated. 

(b) Dynamic control/data resource TDM

(1) Schedule UE randomly 
Same as (a) static control/data resource TDM. 

(2) Calculate T/F resource for control channel and data channel
For each UE’s control channel, achievable bps/Hz with AMC is calculated using the Shannon formula with SINR obtained in step (1). The number of T/F resource for control channel is calculated using the number of control bits. And then the number of T/F resource for data channel is calculated. Resource/power shortage of control does not occur because if control T/F resource is not enough at a given power, more T/F resource is allocated for control channel and data T/F resource is reduced.   
 (3) Calculate throughput using the Shannon formula Ck=log(1+SINRk ) x Nr for each UE. Resource factor Nr is N’data_symbol / Ntotal. N’data_symbol is data T/F resource obtained in step (2). 
(1) – (3) are iterated 10000 times (sub-frames) and average throughput is calculated. 

(c) Static control/data power FDM

(0) Define fixed transmission power offset for control channel
Power offset Pctrl_fixed for control channel is defined. The remaining power is used for data channel. The data power Pdata_fixed is equally shared among allocated UEs. This corresponds to distributed UE allocation. In this simulation, optimized value in terms of average throughput is used. 
(1) Schedule UE randomly
Same as (a) static control/data resource TDM. 
(2) Calculate required transmission power for each control channel
Similar to step(2) of (a) static control/data resource TDM. Power offset set in step(0) is added in the SINRk. 
       Pctrl, k = reqSINR – (SINRk  + Pctrl_fixed)  (in dB)
(3) Check the sum of each UE's required control power 
If the sum exceeds the total Node B's transmission power, one of UE chosen is not allocated. The choice is random. The T/F resource for this control channel and data channel is not used.
(4) Calculate throughput using the Shannon formula for each UE
Ck=log(1+SINRk x Pdata_fixed) x Nr  
Pdata_fixed is transmission power for data defined in step (0). 
(1) – (4) are iterated 10000 times (sub-frames) and average throughput is calculated. 

As for the method to set control power offset, control channel spectrum efficiency is first optimized without power offset and then control channel power offset is optimized. 
(d) Dynamic control/data power FDM

(1) Schedule UE randomly
Same as (a) static control/data resource TDM. 

(2) Calculate transmission power for control channel and data channel
Transmission power offset for control channel is calculated using required SINR for control channel. 
       Pctrl, k = reqSINR – SINRk    (in dB)
The remaining power is allocated to data channel. The data power is equally shared among allocated UEs. This corresponds to distributed UE allocation. Power shortage of control channel does not occur because if control power is not enough, more power is allocated for control channel and data power is reduced. 
(3) Calculate throughput using the Shannon formula for each UE.
Ck=log(1+SINRk x Pdata,k) x Nr 
Pdata,k is transmission power for data calculated in step (2). 
 (1) – (3) are iterated 10000 times (sub-frames) and average throughput is calculated. 
Other simulation assumptions are listed in Table 2.
Table.2 simulation assumptions
	Simulation case
	Case 1 [5]

	Bandwidth 
	10MHz

	Number of control channel bits
	57 bits per UE

	Number of control channels
	4

	T/F resources in a subframe
	4200 

	Pilot T/F resources
	400 (assuming 2 Tx antennas)

	Control T/F resources
	dependent on control channel spectrum efficiency optimized for each method


Additionally, the following assumptions were taken:  

- In (b) dynamic control/data resource TDM, transmission of control channel MCS level, e.g. cat.0 info, would be necessary. In this simulation, we don’t take into account this overhead.

- In (d) dynamic control/data power FDM, transmission of data power offset information to demodulate QAM symbols would be necessary. In this simulation, we don’t take into account this overhead. 

2.2. Simulation results

Table 3 shows normalized throughput performance. In Table 3, control channel power offset and control channel spectrum efficiency (bps/Hz) are also listed. 

As can be seen from Table 3, there is no difference in the normalized throughput between two static methods of both TDM and FDM. There is also no difference between two dynamic methods of both TDM and FDM. The difference between dynamic and static was around 10%.  
Table.3 simulation results 
	
	Normalized
 throughput (bps/Hz)
	Control power offset (dB)
	Control channel spectrum efficiency (bps/Hz)

	(a) Static control/data resource TDM
	0.96
	0 (fixed)
	0.46 (fixed, optimized)


	(b) Dynamic control/data resource TDM
	1.05
	0 (fixed)
	1.27 (average)

	(c) Static control/data power FDM
	0.96
	0 (fixed, optimized)
	0.46 (fixed, optimized)

	(d) Dynamic control/data power FDM
	1.05
	 1.88 (average)
	0.91 (fixed, optimized)


3. Conclusion

We have compared TDM and FDM by simple system simulation. We observed normalized throughput of both TDM and FDM is similar. Considering possibility of micro sleep gain in the future, we prefer TDM of control channel. 
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