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1. Introduction

PDCCH performance was investigated for three different CCE aggregation sets – {1,4}, {1,2,4,8}, and {1,2,3,4,8} where each entry corresponds to a different MCS.  It was determined that {1,2,3,4,8} gave the best overall performance followed by {1,2,4,8} and {1,4}. 

2. PDCCH MCS Set impact on System Performance 
Given a control channel message size, each aggregation size corresponds to a different effective code rate. A different aggregation set represents a different modulation and coding set (MCS) for the control channel. Thus in the following notation MCS1,2,3,4,8 is used to indicate using CCE aggregation set of {1,2,3,4,8}. Similar notation is used for other aggregation sets. 
Table 1 shows Sector and Cell edge throughput for different PDCCH MCS (aggregation) sets.  PDCCH MCS set {1,2,3,4,8} gives the best throughput performance but PDCCH FER targets parameters can be optimized so that {1,2,4,8} gives almost as good performance.  The {1,4} case can also  provide fairly good performance but cell edge throughput is degraded.

Table 1 – System T-put Performance vs PDCCH MCS Set

[image: image1.emf]Case# PDCCH sector cell edge Param. FER CDF

MCS (kbps) (kbps) Set 1% pt

1 Ideal 16171 428 na na

2 12348 15583 421 1 0.80

3 12348 15632 420 2 0.58

4 1248 15589 413 2 0.68

5 14 13565 260 2 1.00

6 1248 15418 359 1 0.90

7 14 15343 357 3 0.50


Figure 1 shows the PDCCH FER CDF for each case given in Table 1.  The {1,2,3,4,8} cases have similar FER CDF as the {1248}_4 case with the {1,2,3,4,8} cases having slightly better cell edge t-put.
Figure 2 shows the Fairness CDF for each case given in Table 1 where the {1,2,3,4,8} cases have a better Fairness in the 0.05 to 0.25 fairness region of the x-axis.
Figure 3 shows the number of scheduled UEs per subframe CDF.  The {1,2,3,4,8} cases support more scheduled UEs per subframe than the {1,2,4,8} or {1,4} cases.
Figure 4 shows the number of CCEs allocated per PDCCH CDF.  The {1,2,3,4,8} cases require the fewest  CCEs per PDCCH.

Only 2 extra blind detections are required for {1,2,3,4,8} compared to {1,2,4,8} [5].  For PDCCH coverage limited situations such as for beamforming it is expected that having more MCSs provides more flexibility in assigning CCE resources and power.
3. Conclusion 
The PDCCH MCS (aggregation) set {1,2,3,4,8} provides the best overall performance compared to the {1,2,4,8} and {1,4} cases.  Only two more blind detections [5] are needed for {1,2,3,4,8} compared to {1,2,4,8}.  More UEs can be scheduled per subframe for the {1,2,3,4,8} case compared to the other MCS cases {1,2,4,8} and {1,4}.  The {1,2,3,4,8} PDCCH MCS set is therefore proposed for LTE.
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Figure 1 – PDCCH FER CDF
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Figure 2 – Fairness CDF
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Figure 3 – Number of Scheduled UEs per Subframe CDF
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Figure 4 – Number of CCEs Allocated per PDCCH CDF
Table 3 – Total number of blind detections [5] using the tree structure [2] vs the proposal.

	nCCE
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	NCCH [2]
	7
	8
	10
	11
	15
	16
	18
	19
	22
	23

	NCCH using (1) in [5]
	8
	10
	12
	13
	17
	19
	21
	23
	26
	27

	NCCH using (2) in [5]
	8
	9
	12
	13
	17
	19
	21
	22
	26
	27

	NCCH using (3) based on [4] & MCS1,2,3,4,8
	8
	11
	14
	17
	20
	23
	26
	29
	33
	36
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Table 3. L1/L2 Control channel parameters - Motorola
	Parameter
	Assumption/Value

	L1/L2 control channel multiplexing
	TDM with data, each L1/L2 control channel mapped across entire BW

	L1/L2 control channel payload size
	DL assignments
	10 MHz:
59 bit

	
	UL assignments
	10 MHz:
39 bit

	Maximum # DL assignments per sub‑frame
	10 MHz:
10

	Resource / power sharing between L1/L2 control channels
	Dynamic sharing between DL assignments

Number of control channels with different MCS levels are adjusted dynamically according to allocated UEs and aggregated CCEs

No sharing between DL and UL assignments

	Power control
	On, min/max -/+ 10dB

	CCE size
	48 REs

	CCE aggregation sizes / MCS levels
	8 / QPSK rate 5/64
4 / QPSK rate 5/32
3 / QPSK rate 5/24
2 / QPSK rate 5/16
1 / QPSK rates 5/8  (assuming 60 bits instead of 59 bit payload)

	Coding
	Convolutional

	Reference signal overhead
	10 MHz:
9.5%  (assuming reference signals for 2TX antennas)

	L1/L2 control channel overhead
	DL ACK/NACK (PHICH)
	10 MHz:
1.0% (88 REs / 22 mini-CCEs)

	
	PCFICH
	10 MHz:
0.19% (16 REs / 4 mini-CCEs)

	
	UL assignments
n=2
n=3
	
10 MHz:
4.0% (7 CCEs / 336 Res / 84 mini-CCEs )


	
	DL assignments 
n=2
n=3
	
10 MHz:
6.9% (12 CCEs / 576 REs / 144 mini-CCEs)


	Control channel errors
	Explicitly modeled for DL & UL assignments, FER computed only for DL

	Intercell interference randomization
	Explicitly modeled for DL & UL assignments, one CCE RE every Ncce REs across n=2 symbols excluding RS, PCFICH, PHICH locations.  Power allocation for  RS, PCFICH, and PHICH is accounted for.


Table 6. Simulation Assumptions
	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 19 cell 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
	10 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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 = 70 degrees, Am = 20 dB  (70 degree horizonal beamwidth)

	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 ms

	CQI subband size
	180 kHz (12 subcarriers)

	CQI quantization
	5 bits per value/subband

	CQI feedback cycle
	2 ms

	Link to system level interface
	EESM

	Traffic type
	Full buffer

	Scheduler
	Time and frequency selective Proportional Fair scheduler
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