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1. Introduction

The downlink control channel (CCH) delivers important L1/L2 information that requires a highly reliable transmission without dependence on retransmissions. Both separate and joint coding schemes of CCH information bits have been proposed [1], where the coded control symbols are inserted into a TTI in either a TDM or FDM fashion. The CCH coding schemes have been extensively studied from link performance perspective in [2]

 REF _Ref146890445 \r \h 
[3]. In this contribution, CCH coding schemes are evaluated based on system performance. 
2. CCH Coding Schemes and Discussions

Figure 1 shows a sample of CCH coding schemes to be discussed: FDM separate-coding (FS-CCH), FDM joint-coding (FJ-CCH), TDM separate-coding (TS-CCH), and TDM joint-coding (TJ-CCH). (Note that the reference signal is ignored in the diagram for readability.)
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Figure 1 - Sample of Separate/Joint-coding CCH in TDM/FDM placement.

Several important techniques to enhance CCH transmission reliability are highlighted as follows:
· Power control: Power sharing may be applied between control channels (FDM or TDM separate), between the data and the control channels (FDM separate). In addition, the transmit power for the control channels may be minimized (e.g., for the joint TDM control channel) to lower the interference to other cells. Power sharing is used in these simulations, though for FS-CCH power is only shared with the data and not with the other control channels. A wide-band CQI is used for the purpose of power control (to a certain target FER); hence the distributed subcarrier allocation is used for CCH. 
· CCH interference avoidance: as shown in Figure 2, FDM CCH can be staggered in neighboring sectors by allocating non-overlapping frequency-time resources to a CCH, such that the dominant interference will come from data transmissions from neighboring cells. Therefore, the CCH power control ensures a reduced interference. CCH staggering in TDM fashion provides the interference averaging or randomization for TS-CCH; alternatively, interference avoidance may be performed.. 
· CCH link adaptation: For both separate and joint coding, having only a single MCS available for the control results in a noticeable performance loss. For example, joint coding considers the lowest CQI of scheduled UEs, and chooses an encoding rate (and QPSK modulation, for simplicity) accordingly [4]. Even for separate coding, although one encoding-rate per control channel is optimal, the overhead for signaling or blind decoding the format is prohibitive.. Our study shows that at most two encoding-rates are sufficient to make an almost error-free CCH transmission along with power control, while using only a single encoding-rate for separate-coding CCH results in noticeable performance loss. Having coding as a coarse link adaptation with power control secondary helps minimize the effects of (a) the other cell doing a similar power balancing, and negating the effects, and (b) power control error. 
3. 5MHz E-UTRA System Performance

System simulations in this contribution were conducted on case 3 with 5MHz of [5], as summarized in Table 1. Detailed simulation parameters are given in Annex A. We assume simultaneously at most 6 UEs can be scheduled for downlink and uplink respectively. According to [4][7], the number of control information bits is given according to Table 1-2, and there are at most 446 subcarriers dedicated for control channels.
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	3
	2.0
	1732
	5
	20
	3


Table 1 – Simulation parameters for case 1 and case 3 from TR 25.814
We simulate all 4 coding schemes for CCH, where the corresponding data transmission is discarded for a CCH decoding failure. TDM joint-coding CCH provides relatively the worst performance due to inefficient power control. Nevertheless, the simulations indicate that all coding schemes provide the performance with no more than 3% loss in throughput and with the same fairness, compared to ideal CCH for which the control signaling is error-free. The results are summarized in Table 2 for 33 UE/sector, and detailed results are given in Annex B. 
Table 2-Performance comparison for CCH coding schemes
	
	Ideal
	FS-CCH
	FJ-CCH
	TS-CCH
	TJ-CCH

	
	(kbps)
	(kbps)
	Loss
	(kbps)
	Loss
	(kbps)
	Loss
	(kbps)
	Loss

	Sector t-put
	9372
	9395
	0.3%
	9306
	1%
	9356
	0.2%
	9177
	2%

	5%-tile t-put
	60.3
	59.6
	1%
	58.7
	3%
	60.3
	0%
	58.3
	3%


4. Conclusions

We show, based on system simulation performance, that both separate and joint-coding control channel in TDM or FDM fashion can provide reliable control signaling transmission, with negligible performance loss. Therefore, the control channel design should focus on complexity, flexibility, scalability, and other issues.  Given that TDM (separate or joint regions(s)) supports UE micro-sleep, smaller buffer size, and overall lower processing delay [6] as well as low CCH implementation complexity it is therefore preferred over the other methods. 
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ANNEX A – System Simulation Assumptions

Table 3 - Macro-cell system simulation baseline parameters

	Parameter
	Assumption

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

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

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	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

	System Evaluation Scenario
	Case 3 (1732m ISD, 20dB penetration loss, 10MHz BW)

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	6-ray GSM Typical Urban (TU)

	Total BS TX power (Ptotal)
	43dBm

	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

	AMC
	ON  (2/3<MCS<5)

	HARQ
	IR with N=6 stop-and-wait HARQ protocol

	OFDM symbols (Data symbols) per subframe
	7 (5)

	Scheduler
	PF (both in frequency domain)

	Link Mapping
	EESM

	E-UTRA BS Transmitter  x UE Receiver
	1x2

	Other Cell interference
	All BS transmitters always on at full power


ANNEX B – System Simulation Results
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Figure 2 – Case 3 System performance for different CCH coding schemes
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Figure 3 - Case 3 fairness performance for different CCH coding schemes
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