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1 Introduction 

Multiplexing method for the downlink L1/L2 control channels (i.e. PDCCHs) have been discussed [1-4]. This contribution compares FDM and combination of CDM and FDM (CDM+FDM). 

In order to control the L1/L2 control channel reliability, transmit power control based on the UE channel quality feedback is beneficial. However, this could cause intercell interference fluctuations on the control channels especially in synchronous system. 

For FDM, the intercell interference can be randomized (i.e. interference diversity) by controlling the mapping of the individual L1/L2 control channels in a smart way. 

For CDM+FDM, in order to avoid loss of orthogonality, the chips belonging to the same bit are mapped on adjacent REs. Chips belonging to different bits are mapped in a distributed manner to obtain frequency diversity. The intercell interference fluctuation is randomized by the CDM nature. In addition, cell specific control channel mapping would further randomize the fluctuation. 

In this document, FDM and CDM+FDM are compared via link level simulation taking the interference fluctuation into account. 
Note that this document is resubmission of R1-074403 in Shanghai meeting. 
2 Simulation 

2.1 Simulation setup

As shown in Figure 1 a two-cell model (i.e. serving cell and interfering cell) is assumed. To model the fluctuation of the intercell interference (caused by the power control of the control channels in the interfering cell), a power offset is added on each simulated control channel. The power offset is randomly chosen according to the CDF of control channel power offsets obtained by system level simulation [5] with two MCS levels (QPSK, rates ¼, ½) for the control channel. Detailed assumptions for the system level simulations are shown in the Annex. 

Physical mapping for the serving cell and the interfering cell is carried out randomly. The interference on desired signal is randomized among control channels in interfering cell. Note that for CDM+FDM the randomization is done per CDMed symbol i.e. the chips belonging to the same bit are mapped on adjacent REs. 

Figure 2 shows the CDF of control channel power offset used for link level simulation. This CDF for FDM is derived from the system level simulation, and the CDF for CDM+FDM is derived from averaging power offset values over the number of CDMed control channels. As can be seen from the figure, FDM has larger dynamic range of transmit power than CDM+FDM. 
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Figure 1 block diagram of the simulation
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Figure 2 Tx power offset of control channel

We evaluated using the following performance metric. 

· BLER of control channel

· SIR measurement accuracy
Intercell interference on reference signal in the first OFDM symbol is fluctuated due to control channel power control. Impact on the SIR measurement accuracy by the interference fluctuations is evaluated. Note that the SIR measurement is not only based on the 1st OFDM symbol which is interfered by power controlled control channels, but also on other OFDM symbols which is interfered by non-power controlled data. 

· Power control accuracy for control channel
The power control of downlink control channel could be performed according to wideband CQI (i.e. averaged SIR for whole bandwidth). However, actual SIR for each control channel might be different from the wide band CQI feedback because of the intercell interference fluctuations. Therefore, the power control accuracy is measured by the difference between averaged SIR and actual SIR which a control channel experienced.

Simulation assumptions are listed in Table 1. 

Table 1
	Parameter
	Assumption/Value

	System bandwidth
	10MHz

	Subframe duration
	1ms (14 OFDM symbols)

	Control channel multiplexing
	FDM
CDM+FDM (SF=4)
CDM+FDM (SF=8)

	Control channel payload size
	56 bits

	MCS of control channel 
	QPSK, R=1/4 and QPSK, R=1/2 (Convolutional coding (incl. tail bits))

	Number of antennas
	1 TX antenna / 2 RX antenna

	Reference signal mapping
	Same as [6], 
RS position is different between serving cell and interfering cell

	Channel estimation
	Real 

	Number of control channels in interfering cell
	8 

	Propagation model
	TU 3km/h



Note: although coding rate and tail-bits aspect are different from the latest agreement, we think the observation in this simulation is still valid.
2.2 Simulation results

BLER performance

Figure 3 and Figure 4 show the BLER of the control channels with QPSK rate ¼ and rate ½ respectively. No performance difference between FDM and CDM+FDM is seen because sufficient interference diversity is already obtained by FDM mapping also in FDM R=1/2 case. 
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Figure 3 BLER of control channel (R=1/4)
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Figure 4 BLER of control channel (R=1/2)

SIR measurement accuracy 

Figure 5 shows standard deviation of the SIR measurement error. Wideband SIR(i.e. average of 50RB) and narrow band SIR(i.e. average of 1RB or 2RB) with 1ms and 2ms averaging time window are simulated. The SIR measurement accuracy for FDM and CDM+FDM is similar in all cases. 
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Figure 5 SIR measurement accuracy (std. of SIR measurement error)

Power control accuracy for control channel
Figure 6 shows CDF of difference between averaged SIR and actual SIR a control channel experienced. In the figure, x-axis (X dB) means actual SIR is X dB smaller than the averaged SIR(i.e. CQI value). Comparing at the 90% CDF, FDM is 0.2 dB worse than both CDM+FDM. This indicates 0.2 dB more robust power setting of control channel is needed for FDM case. 

This 0.2 dB is negligible when we consider CQI measurement contains >0.3 dB errors (see Fig.5) and quantization of CQI would be at least more than around 1dB step. 
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Figure 6 power control accuracy 

3 Conclusion

We have compared the link performance of FDM and combination of CDM and FDM (CDM+FDM) taking into account intercell interference fluctuations. The simulation results of the control channel BLERs, the SIR measurement accuracy and the control channel power control accuracy indicate only a negligible performance difference between FDM and CDM+FDM. Therefore, we propose to use FDM for multiplexing L1/L2 control channels for its simplicity. 
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Annex: system level simulation assumptions to obtain CDF of Tx power offset of control channel
	Parameter
	Assumption/Value

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

	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 sites
	0.5

	
	Between cells per site
	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)

	Subframe duration
	1.0 ms

	Number of OFDM symbols per subframe
	14

	Channel model
	Typical Urban (TU)

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

	Minimum distance between UE and BS
	35 m

	Frequency reuse factor
	1

	Hybrid ARQ scheme
	Chase combining (asynchronous)

	Hybrid ARQ round trip delay
	6 subframes (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

	CQI feedback delay
	2 subframes

	CQI subband size
	180 kHz (12 subcarriers)

	Link to system level interface
	EESM

	Traffic type
	Full buffer

	Scheduler
	Time and frequency selective Proportional Fair scheduler

Max one codeword per UE within a subframe (mapped across all allocated RBs)

	L1/L2 control channel payload size
	Downlink
	55 bit

	
	Uplink
	34 bit

	Maximum number of L1/L2 control channels
	16 (8 DL, 8 UL)

	Resource / power sharing between L1/L2 control channels
	Dynamic sharing between DL L1/L2 control channels, number of control channels with MCS1 and MCS2 adjusted dynamically according to allocated UEs,

no sharing between UL and DL L1/L2 control channels

	L1/L2 control channel MCS levels
	QPSK rates 1/4 and ½ 
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