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1 Introduction

Multiplexing of the downlink L1/L2 control signaling with data based on TDM or FDM has been discussed in previous meetings and in several contributions [1-12]. The main argument for TDM is the possible benefit of micro-sleep gain, whereas the main argument for FDM is the possibility to balance the transmission power between L1/L2 control and data. 

In addition, RAN1 also discusses joint and separate coding between UEs. The gain of separate coding is the possibility to have link adaptation for the control channel, i.e. transmit power control (TPC) and/or adaptive modulation and coding (AMC), which is also discussed in an accompanying contribution [13].
Hence, in this contribution, we provide a system evaluation for TDM (control signaling is contained in n = 2 or n = 3 OFDM symbols within a TTI) and FDM (control signaling is contained in n = 14 OFDM symbols within a TTI) of control signaling applying link adaptation for separate coding between UEs.

2 Details on Considered Schemes

Multiplexing

In order to compare the performance of TDM and FDM of L1/L2 control and data, we consider both multiplexing schemes in our evaluations. We assume a semi‑static allocation of the total control channel resources in time/frequency domain to avoid signaling to indicate the time/frequency resources occupied by all control channels in each TTI and to avoid blind resource detection of the all control channels.

Link Adaptation
In order to evaluate the effect of link adaptation we consider semi‑static AMC control with having multiple MCS level in a given cell. In addition, we consider fast transmit power control (TPC). The benefit is as follows. 
· Semi‑static AMC control allows for coarse link adaptation dependent on e.g. the cell environment. 
· Semi-static AMC control allows to adapt the content of L1/L2 information dependent on the used MCS for the control channel in order to improve the time/frequency resource utilization.
· Multiple MCS levels allow for finer link adaptation by mapping allocated UEs to a control channel with a suitable MCS level. This reduces the required dynamic range by TPC, which in turn reduces the variations in intercell interference.
· Multiple MCS levels reduce the control channel overhead by employing high MCS levels as well as low MCS levels which support cell edge UEs. 
· Fast TPC allows for fast power sharing between control channels for TDM and FDM as well as for fast power sharing between control and data in case of FDM. 
A semi-static AMC control by configuring a certain number of control channels with different MCS levels (e.g. C2 or C3 in Figure 1) still permits for fast AMC control on a per UE level, e.g. by mapping a UE dynamically either on a control channel with MCS 1 or MCS 2.This allows for further reduction of the required dynamic range by TPC and, hence, further reduction of the intercell interference variations. Applying such a scheme does not cause additional UE complexity compared to the single MCS case, since in any case several decoding trials are required in order to receive the different control channels.

In order to allow for a more dynamic scheme, a fast AMC control on cell level might be acceptable. In this case the control channel MCS combinations can change on e.g. a TTI basis. The benefit of this scheme is that the control channel properties can be matched to the scheduler decision, e.g. by having a dynamic number of control channels or by having a dynamic ratio of control channels with different MCS levels. By limiting the number of allowed combinations (e.g. C1-C4 in Figure 1) either the required Cat 0 information or the additional UE complexity (for additional decoding trials) can be reduced. Note that in order to avoid further complexity, e.g. for persistently allocated UEs, still the overall amount of time/frequency resources allocated to the L1/L2 control signaling is kept constant.

Note, that in the simulations this dynamic scheme has not been considered.
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Figure 1 –Limited combinations with two control channel MCS levels (the control channel mapping is shown on a virtual level, it is assumed that the control channels are transmitted in a frequency‑distributed mapping)

In the simulations we assume following schemes explained below and in Figure 2: 

(a) TDM + single MCS:
The time/frequency resources are shared semi‑statically between control and data and there is no power sharing between control and data. Further, the total available power for the control channels is shared dynamically (on a TTI basis) between the control channels in order to adjust the required transmit power for the scheduled UEs. All control channels use the same MCS level. 
(b) TDM + multiple MCS:
The time/frequency resources are shared semi‑statically between control and data and there is no power sharing between control and data. Further, the total available power for the control channels is shared dynamically (on a TTI basis) between the control channels in order to adjust the required transmit power for the scheduled UEs. Two MCS levels for the control channels are defined. For simplicity a semi‑static configuration of MCS levels is assumed, i.e. the number of control channels with MCS level 1 and MCS level 2 is semi‑statically configured. From UE perspective, UE tries to decode 2 MCS levels but the time/frequency resource for each corresponding MCS is fixed.
(c) FDM + single MCS:
The time/frequency resources are shared semi‑statically between control and data. Additionally, the power between control and data is shared dynamically (on a TTI basis). Further, the transmit power for the control channels is controlled dynamically (on a TTI basis) in order to adjust the required transmit power for the scheduled UEs. All control channels use the same MCS level.
(d) FDM + multiple MCS:
The time/frequency resources are shared semi‑statically between control and data. Additionally, the power between control and data is shared dynamically (on a TTI basis). Further, the transmit power for the control channels is controlled dynamically (on a TTI basis) in order to adjust the required transmit power for the scheduled UEs. Two MCS levels for the control channels are defined. For simplicity a semi‑static configuration of MCS levels is assumed, i.e. the number of control channels with MCS level 1 and MCS level 2 is semi‑statically configured. From UE perspective, UE tries to decode 2 MCS levels but the time/frequency resource for each corresponding MCS is fixed.
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Figure 2 – Simulated TDM and FDM schemes with single/multiple MCS levels (the control channel mapping is shown on a virtual level, it is assumed that the control channels are transmitted in a frequency‑distributed mapping)

3 Simulations

3.1 Simulation Assumptions

Table 1 and Table 2 provide the main simulation assumptions. It should be noted, that the data throughput performance is evaluated for downlink only. More details on the simulation assumptions and methodology are provided in Annex A.

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

	Number of allocated UEs per TTI
(number of control channels)
	8 (4UEs on DL, 4UEs on UL)

16 (8UEs on DL, 8UEs on UL)
24 (12UEs on DL, 12UEs on UL)

	Coding of control information
	Separate coding of UEs

Separate coding of UL and DL information

	Information bits per control channel
	42 for DL, 30 for UL

	Control channel
code rates

(QPSK)
	Single MCS
	1/4

	
	Multiple MCS
	MCS 1
MCS 2

1/4
   1/2

	Scheduler
	Time and frequency selective Proportional Fair scheduler


Table 2 – Control Channel Overhead

	
	Control + pilot overhead (2Tx)

	
	4DL+4UL
	8DL+8UL
	12DL+12UL

	QPSK R=1/4 
(single MCS)
	17%
	24%
	31%

	QPSK R=1/4 + R=1/2
(multiple MCS)
	15%
	20%
	25%


3.2 Simulation Results
Figure 3 shows the sector throughput performance for the simulated schemes. It can be observed that with multiple MCS levels a higher downlink data sector throughput is a achieved than with a single MCS level. This is valid for both TDM and FDM. The difference between multiple MCS levels and single MCS level is around 7%. In case of multiple MCS, for fast AMC control on cell level there is potential for additional gain by dynamically adjusting the number of different control channel MCS levels to the geometries of the actual scheduled users as discussed in section 2. 

Regarding TDM and FDM, the throughput for TDM and FDM is similar for the single as well as for the multiple MCS case. Note, that for FDM the available transmit power for data changes every TTI according to the transmit power requirement for control channels. In addition, the transmit power for the data symbols might vary within a TTI in case control and data is not multiplexed equally on all OFDM symbols. Therefore, blind power detection to demodulate higher order modulation schemes, e.g. 64QAM, is further complicated, since there are less modulation symbols for averaging and estimating the transmission power. This has not been modeled in the simulations. 

Additional simulation data on the power fluctuation of the control channels is provided in Annex B. 
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Figure 3 – Throughput performance 

4 Conclusion

In this contribution we have analyzed the downlink L1/L2 control channel performance with respect to multiplexing (TDM, FDM) and link adaptation (TPC, AMC) based on system level evaluations.

The obtained results show that TDM and FDM show similar throughput performance and that multiple MCS levels provide gain over single MCS levels. Therefore, we propose the following for the downlink L1/L2 control channels:

· Fast TPC and multiple MCS levels (preferably 2 MCS levels) in a given cell (semi‑static or dynamic AMC is FFS). Assuming that separate coding of control channels requires multiple decoding trials in any case, the multiple MCS scheme described in section 2 does not cause additional UE complexity.
· Semi-static configuration of the total time/frequency resources allocated to downlink L1/L2 control signaling. In case of a dynamic configuration of the total time/frequency resources, Cat 0 information should be transmitted in order to avoid blind resource detection of control and data. 

· Support for semi-static AMC control depending on the deployment
· In order to avoid degradation due to blind power detection of higher order modulation dynamic power balancing between control and data is not desired.  
References

[1] R1-062500, “Evaluation of E-UTRA Downlink L1/L2 Control Channel Multiplexing(FDM vs TDM)”, Huawei

[2] R1-062534, “DL control channel structure: overview”, Samsung

[3] R1-062547, “Downlink shared control signaling”, ZTE

[4] R1-062574, “Downlink control signaling, LG Electronics

[5] R1-062622, “E-UTRA DL L1/L2 Control Channel Non-Persistent Performance”, Motorola

[6] R1-062657, “Control Channel Multiplexing in E-UTRA Downlink”, TI

[7] R1-062708, “Structure and link analysis of DL control signaling”, Qualcomm Europe

[8] R1-062738, “Multiplexing Method of Downlink L1/L2 Control Channel”, NTT DoCoMo, et al. 

[9] R1-062748, “TDM vs FDM for Multiplexing of Downlink L1/L2 Control Signaling”, Nortel

[10] R1-062807, “Multiplexing of Downlink L1/L2 Control Channel with Data Channel”, Panasonic

[11] R1-062839, “TDM vs. FDM Downlink Control Signaling”, Nokia

[12] R1-062866, “Downlink control signaling”, Ericsson

[13] R1063187, “Coding for Downlink L1/L2 Control Signaling”, Panasonic

[14] M. Batariere, K. Baum, and T. Krauss, “Cyclic Prefix Length Analysis for 4G OFDM system”, IEEE VTC 2004 Fall, pp-543-547, Sep. 2004. 
Annex A

Simulation Methodology

In Each TTI, NUE downlink UEs and NUE uplink UEs are randomly allocated and mapped on the control channel(s). The SINRs are determined based on the UE geometries considering 2 RX antennas and shadowing (Simulation Case 3). Then, for each allocated UE the required transmit power for reception of the control channel is calculated based on the Shannon equation (including a 4dB degradation factor [14]). In case the required transmit power for the control channels is larger than the available transmit power, control channels are randomly dropped on‑by‑one until the required transmit power is less than the available transmit power.

It should be noted that the available transmit power for the control channels in case of TDM is upper limited by the available transmit power of the fraction of the TTI on which the control channels are mapped. In case of FDM the total available transmit power for the control channels is upper limited by the total power available in a TTI.

In case of dropping control channels (UEs), the time/frequency resources dedicated to the dropped control channels remain unused. The time/frequency resources dedicated to data are shared equally among the UEs allocated on the remaining control channels.

In case of multiple MCS levels for the control channels, the UEs are sorted in ascending SINR order and mapped to the respective control channel sorted in ascending MCS order.

The downlink data-rates for the allocated UEs are calculated by mapping the SINRs to data‑rates obtained by system‑level simulations using a time and frequency selective PF scheduler. Here, the multi‑user diversity gain depending on the number of allocated UEs per TTI (number of control channels) is taken into account.

The uplink performance is not evaluated.

It should be noted, that variations in intercell interference due to fast fading and TPC are not modeled.

Additional Simulation Parameters

Table A1 – Simulation Parameters

	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 7cell sites, 3 sectors per site, wrapped‑around

	Link
	Downlink

	Inter-site distance (ISD)
	1732 m

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R in kilometers

	Lognormal Shadowing 
	As modeled in UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Cyclic Prefix overhead
	7.1 % (short CP)

	Sub-frame / TTI duration
	0.5 ms / 1.0 ms

	Number of OFDM symbols per TTI
	14 (available symbols for data depends on control channel configuration)

	Channel model
	Typical Urban (TU)

	UE deployment
	20 UEs per sector (uniform random spatial distribution over cells)

	Minimum distance between UE and BS
	35 m

	Frequency reuse factor
	1

	Hybrid ARQ scheme
	Chase combining

	Hybrid ARQ round trip delay
	6 TTIs (6 ms)

	Max number of hybrid ARQ retransmissions
	8

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern (horizontal)
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	Total BS TX power
	46 dBm 

	BS antenna gain (incl. cable loss)
	14 dBi

	BS transmitter
	1 antenna

	UE speed 
	3 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Channel estimation
	Ideal

	CQI feedback delay
	2 TTIs

	CQI subband size
	360 kHz (24 subcarriers)

	Link to system level interface
	EESM

	Traffic type
	Full buffer

	MCS levels for data
	Modulation
Code rates

QPSK

1/16, 1/8, 1/4, 1/3, 1/2, 2/3, 3/4  

16-QAM

1/2, 2/3, 4/5

64 QAM

2/3, 3/4, 4/5

	Scheduler
	Time (per TTI) and frequency (per 2 RBs) selective Proportional Fair scheduler (the number of allocated UEs per TTI depends in the number of defined control channels)


Annex B 

Figure B1 shows the transmit power fluctuation of the control channels caused by the different schemes. Assuming, that a large power fluctuation causes a large intercell interference fluctuation, which in turn causes a degradation in CQI and demodulation performance, it is desired to keep the power fluctuation low. We can see from Figure B1 that multiple MCS levels achieve lower power fluctuation than a single MCS level. 
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Figure B1 – Transmit power fluctuation
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