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1. Introduction

Multiplexing of the L1/L2 control channel with data via TDM or FDM has been discussed [1] -[7] . TDM has the possible benefit of micro-sleep gain. FDM has the possibility to balance the transmission power between L1/L2 control and data. 

In addition, RAN1 also discussed joint and separate coding between UEs. The gain of separate coding is the possibility to have link adaptation for the control channel, i.e. power control (TPC) and/or adaptive modulation and coding (AMC) [8] 

 REF _Ref147566204 \n \h 
[9] . 

In this document, we compare TDM and FDM of control and data in case of separate coding between UEs.

2. Control channel transmission method 
In both FDM and TDM, power and/or resource balancing between the sum of control channels and the sum of data channels can be carried out on both a semi-static basis and a dynamic basis. Generally, power balancing is simpler because there is no need to signal the MCS level or to perform blind detection, as would be needed for resource balancing. Therefore, we focus on power balancing in case of FDM. Because of the maximum transmit power limitation of the NodeB, power balancing in case of TDM is not suitable. Therefore, we focus on T/F (time/frequency) resource balancing in case of TDM. 
Based on the discussion above, we compare the following four methods (a)~(d), as shown in Figure 1. 

(a) FDM with semi-static power balancing
The split of the transmission power between the sum of the control channels and the sum of the data channels is semi-statically controlled according to the cell environment, i.e. the total transmission power of the control channels does not change on a TTI basis. However, the transmission power for each control channel is controlled every TTI. 

(b) FDM with dynamic power balancing 
The transmission power for each control channel is controlled based on the channel condition of the allocated UE in each TTI. The remaining transmission power is allocated to data. Therefore, the total transmission power for data is changed TTI by TTI. 

(c) TDM with semi-static resource balancing 
The MCS level (i.e. amount of T/F resources usage) for each control channel is controlled according to the cell environment and/or number of control channels. The total amount of T/F resources used for the control channels does not change on a TTI basis. The transmission power for each control channel is controlled every TTI.

(d) TDM with dynamic resource balancing 
The MCS level (i.e. amount of T/F resources usage) of each control channel is controlled in each TTI according to the channel condition of the allocated UE. The remaining T/F resources are allocated to data channels. A fixed transmission power of each control channel is assumed because link adaptation is performed only by AMC. 

Regarding the power or resource balancing among control channels, the combination of semi-static AMC and fast TPC has the merit to adapt to the channel condition with less signaling and less dynamic range of transmission power [9] . Therefore, we consider this combination for cases (a), (b) and (c). In (d), pure AMC is considered. 
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Figure 1 comparison of four methods

3. Simulations
3.1. Simulation methodology/assumptions

In Each TTI, NUE downlink UEs and NUE uplink UEs are randomly allocated and mapped on the control channels. The SINRs are determined based on the UE geometries of case 3 considering 2 RX antennas and shadowing (i.e. fast fading is not taken into account). Then for each allocated downlink UE, the achievable data rate on the downlink is calculated by using the Shannon equation C = Nr · log (1+ SINR) with  denoting a degradation factor, set to -4 dB[10] and Nr denoting available T/F resource for data channel. Each allocated downlink UE receives the same amount of time/frequency resources and transmission power for data transmission..

(a) FDM with semi-static power balancing
The allocated UEs are sorted in ascending SINR order and mapped to the respective control channel sorted in ascending MCS order. Then for each control channel, the required transmission power for the mapped UE is calculated. The control channel power offset to the data channel is taken into account for the each required transmission power calculation. If the required total transmission power for all control channels exceeds the available total transmission power, UEs are randomly dropped one by one until the required total transmission power is less than the available total transmission power. The control channels for dropped UEs are not transmitted (time/frequency resources are unused). 
(b) FDM with dynamic power balancing 
The allocated UEs are sorted in ascending SINR order and mapped to the respective control channel sorted in ascending MCS order. Then for each control channel, the required transmission power for the mapped UE is calculated. The remaining transmission power is assigned to data channels. Although employing a higher order modulation like 64QAM for the data channels may require dynamic signaling to indicate the power level, this is not modeled.

(c) TDM with semi-static resource balancing 
The allocated UEs are sorted in ascending SINR order and mapped to the respective control channel sorted in ascending MCS order. Then for each control channel, the required transmission power for the mapped UE is calculated. If the required total transmission power for sum of all control channels exceeds the available total transmission power, UEs are randomly dropped one by one until the required total transmission power is less than the available total transmission power. The control channels for dropped UEs are not transmitted (time/frequency resources are unused). 

(d) TDM with dynamic resource balancing 
The MCS levels (and required T/F resources) for all control channels depending on the mapped UEs are calculated. The remaining T/F resources are used for data channels. Although dynamic signaling to indicate the used MCS levels for the control channels may be necessary, this is not modeled. 

Note, that the effect of dropping uplink UEs is not reflected in the results, since only the downlink data performance is evaluated. 
Regarding the power and/or resource balancing among control channels, the combination of semi-static AMC and fast TPC is modeled. The four MCS levels shown in table 1 are used. A scheduled UE is mapped to a control channel with a given MCS based on its channel condition. The transmission power for each control channel is adjusted to meet required SINR for the MCS.

Additional simulation assumptions are listed in Table 1. 

Table 1 simulation assumptions

	Simulation case
	Case 3

	Bandwidth
	10MHz

	Time/frequency resources per TTI (1ms)
	8400 (14 OFDM symbol x 600 subcarriers)

	Pilot time/frequency resources
	800 (assuming 2 TX antennas) 

	Number of allocated UEs per TTI
	4UE for DL and 4UE for UL 

	Control channel bits
	42 for DL, 30 for UL

	Control channel MCS levels
(denoted in spectral efficiency [bit/sec/Hz])
	0.11, 0.41, 1.03, 2.62


3.2. Simulation results

The normalized data throughput performance is shown in Table 2. For comparison of both semi-static cases ((a) and (c)), the normalized throughput for FDM and TDM is similar. For both dynamic cases ((b) and (d)), normalized throughput for FDM and TDM is also similar. The most noticeable difference is the one between the dynamic cases and semi-static cases , which is around 10%. Note that this 10% gain in dynamic control may be reduced by the overhead for required signalling or by the loss from blind detection, which is necessary to know the MCS level in case of AMC or to know the power level for higher order modulation in case of TPC.

Table 2 simulation results

	
	Normalized data throughput (bit/sec/Hz)

	(a)FDM with semi-static power balancing 
	1.18

	(b)FDM with dynamic power balancing
	1.31

	(c)TDM with semi-static resource balancing 
	1.17

	(d)TDM with dynamic resource balancing 
	1.33


In case of high mobility, the required SINR for the control channels for FDM is lower than for TDM thanks to the time diversity gain of fast fading and the variation of the interference within a TTI (1ms). Figure 2 shows the comparison of the normalized throughput when the difference in required SINR between FDM and TDM is between 0 and 1.5 dB.
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Figure 2 Normalized data throughput with required SINR difference between FDM and TDM

4. Summary 

In this contribution, we compared FDM and TDM for the downlink control and data channel multiplexing by system simulations. We observed that the data throughput for FDM and TDM is similar when the power/resource balancing between control and data is similar (dynamic or semi‑static). 
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