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1 Introduction

In the RAN1#51b meeting the discussion on the UE complexity related to the number of blind PDCCH decodings started and it has been agreed that RAN1 should target about 40 blind PDDCH decodings per UE per subframe. One of the factors influencing the number of blind decodings is the number of required CCE aggregation sizes, which has been agreed to 1, 2, 4 and 8 in RAN1#48bis [4]. In [5] it is suggested to additionally support a CCE aggregation size of 3. On the other hand in [6] and [7] it is discussed/suggested to remove the CCE aggregation size of 8 and, hence, only support aggregation sizes of 1, 2 and 4 CCEs. Therefore, this contribution provides a system level analysis for downlink data transmission analyzing the impact of the supported PDCCH CCE aggregation sizes considering power offset limits for the PDCCH power control.

2 System level performance

2.1 Simulation assumptions

In order to analyze the need for aggregating 8 CCEs, system level simulations for 10 MHz with simulation case 3 (according to [2]) focusing on the compact downlink assignment are carried out. That is, the main motivation for aggregating 8 CCEs is to reliably support cell-edge UEs, which are typically scheduled with the compact downlink assignment, since this provides the largest coverage and those UEs are typically not in MIMO operation. Table 1 provides an overview of the most relevant simulation parameters. A more comprehensive set of parameters is provided in Annex A.

Table 1. L1/L2 Control channel parameters
	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
	40 bit

	
	UL assignments
	40 bit

	Maximum number of UL/DL assignments per sub‑frame
	limited by number of available CCEs, 50% of CCEs available for DL assignments

	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

	Coding
	Tail-biting convolutional coding

	PDCCH transmit power control
	Config 1 (min/max offset): -6 / +4 dB [8]

 REF _Ref190163279 \r \h 
[9]

 REF _Ref190163281 \r \h 
[10]
Config 2 (min/max offset): -10 / +10 dB

	CCE sizes
	24, 28, 36 REs

	CCE aggregation sizes
	Set 1: [8 4 3 2 1]

Set 2: [8 4 2 1]

Set 3: [4 2 1]

	Reference signal overhead
	4.76% (assuming reference signals for 1TX antenna)

	L1/L2 control channel overhead
	DL ACK/NACK
	0.86%

	
	PCFICH
	16 REs

	
	Control region span
	3 OFDM symbols (static)

	Control channel errors
	Explicitly modeled for DL assignments

	Intercell interference randomization
	Perfect


Simulation results

Table 2 to Table 5 show the simulation results for Proportional Fair scheduling with max / min PDCCH power offsets configurations of  +10/-10 dB and +4/-6 dB, for CCE sizes of 24, 28 and 36 and for 3, 30 km/h. The following observations are made:

· For the -10/+10 dB power offset, all CCE configurations perform equally well

· For both power offset configurations, there is no performance benefit of a CCE aggregation size of 3

· For 3 km/h there is no performance benefit from using a CCE aggregation size of 8

· For 30 km/h, -6/+4 dB power offset and CCE sizes of 24 and 28, the cell‑edge throughput for [1 2 4] is significantly degraded, since the code rate for aggregating 4 CCEs and a maximum power offset of +4 dB is not sufficient to reliably transmit the PDCCH to cell‑edge UEs.

Results for Round Robin scheduling provided in Annex B.

Table 2. Simulation results for -10/+10 dB min/max PDCCH power offset – 3 km/h (PF scheduler)
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Throughput 

[Kbit/s]

Gain w.r.t.

[1 2 4 8 ]

[%]

PDCCH

Error Rate

[%]

[1 2 4 8]

12,82 - 179 - 0,28

[1 2 3 4 8]

12,85 0,2 179 -0,2 0,28

[1 2 4] 12,91 0,7 179 -0,2 0,30
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[%]

Cell Edge 
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[Kbit/s]

Gain w.r.t.

[1 2 4 8 ]

[%]

PDCCH

Error Rate

[%]

[1 2 4 8]

12,79 - 179 - 0,28

[1 2 3 4 8]

12,78 0,0 180 0,3 0,28

[1 2 4] 12,90 0,9 177 -1,1 0,30
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[Mbit/s]

Gain w.r.t.

[1 2 4 8 ]

[%]

Cell Edge 

Throughput 

[Kbit/s]

Gain w.r.t.

[1 2 4 8 ]

[%]

PDCCH

Error Rate

[%]

[1 2 4 8]

12,71 - 178 - 0,27

[1 2 3 4 8]

12,70 0,0 178 0,1 0,27

[1 2 4] 12,86 1,1 179 0,2 0,29

CCE size = 24 REs

CCE size = 28 REs

CCE size = 36 REs


Table 3. Simulation results for -6/+4 dB min/max PDCCH power offset – 3 km/h (PF scheduler)
[image: image2.emf]Aggregation

Sizes

Cell

Throughput

[Mbit/s]

Gain w.r.t.

[1 2 4 8 ]

[%]

Cell Edge 

Throughput 

[Kbit/s]

Gain w.r.t.

[1 2 4 8 ]

[%]

PDCCH

Error Rate

[%]

[1 2 4 8]

12,82 - 178 - 0,27

[1 2 3 4 8]

12,88 0,4 180 1,4 0,28

[1 2 4] 13,25 3,4 177 -0,3 0,30
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Cell Edge 

Throughput 

[Kbit/s]

Gain w.r.t.

[1 2 4 8 ]
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PDCCH

Error Rate

[%]

[1 2 4 8]

12,76 - 177 - 0,28

[1 2 3 4 8]

12,79 0,2 181 1,8 0,28

[1 2 4] 13,13 2,9 181 2,0 0,30
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[%]

Cell Edge 
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[Kbit/s]
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[%]

PDCCH

Error Rate

[%]

[1 2 4 8]

12,71 - 178 - 0,27

[1 2 3 4 8]

12,70 0,0 178 0,1 0,27

[1 2 4] 12,96 2,0 180 1,0 0,28

CCE size = 24 REs

CCE size = 28 REs

CCE size = 36 REs


Table 4. Simulation results for -10/+10 dB min/max PDCCH power offset – 30 km/h (PF scheduler)
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[1 2 4 8 ]

[%]

PDCCH

Error Rate
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8,32 - 128 - 1,83

[1 2 3 4 8]

8,33 0,1 129 0,9 1,83

[1 2 4] 8,33 0,1 128 0,2 1,84
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[Kbit/s]
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PDCCH

Error Rate

[%]

[1 2 4 8]

8,31 0,0 129 0,0 1,83

[1 2 3 4 8]

8,32 0,0 129 0,0 1,84

[1 2 4] 8,33 0,2 128 -0,4 1,85
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[1 2 4 8 ]

[%]

Cell Edge
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[Kbit/s]

Gain w.r.t.

[1 2 4 8 ]
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PDCCH

Error Rate

[%]

[1 2 4 8]

8,33 0,0 128 0,0 1,85

[1 2 3 4 8]

8,31 -0,1 128 -0,2 1,85

[1 2 4] 8,34 0,1 128 0,0 1,87

CCE size = 24 REs

CCE size = 28 REs

CCE size = 36 REs


Table 5. Simulation results for -6/+4 dB min/max PDCCH power offset – 30 km/h (PF scheduler)
[image: image4.emf]Aggregation

Sizes

Cell

Throughput

[Mbit/s]

Gain w.r.t.

[1 2 4 8 ]

[%]

Cell Edge

Throughput

[Kbit/s]

Gain w.r.t.

[1 2 4 8 ]

[%]

PDCCH

Error Rate
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[1 2 4 8]

8,36 0,0 128 0,0 1,84

[1 2 3 4 8]

8,37 0,1 128 -0,5 1,84

[1 2 4] 8,63 3,3 79 -38,3 1,87
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Cell Edge
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PDCCH

Error Rate
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[1 2 4 8]

8,33 0,0 128 0,0 1,84

[1 2 3 4 8]

8,34 0,1 128 -0,4 1,85

[1 2 4] 8,55 2,6 102 -20,3 1,87
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Cell Edge

Throughput

[Kbit/s]
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[1 2 4 8 ]

[%]
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Error Rate
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[1 2 4 8]

8,33 0,0 128 0,0 1,85

[1 2 3 4 8]

8,31 -0,1 128 -0,2 1,85

[1 2 4] 8,45 1,5 122 -4,9 1,89

CCE size = 24 REs

CCE size = 28 REs

CCE size = 36 REs


3 Conclusion

In this contribution the required CCE aggregation sizes depending on the CCE size and the max / min PDCCH power offsets are evaluated. Based on system level simulation results the following is concluded:

· A CCE aggregation size of 3 is not required

· For certain combinations of CCE sizes and allowed max / min PDCCH power offsets, there is a cell‑edge throughput loss when removing the possibility for aggregating 8 CCEs. Therefore, the decision on specifying the aggregation of 8 CCEs for PDCCHs should depend on the decisions on the CCE size and the allowed max / min PDCCH power offsets.
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Annex A

Table A1. Simulation parameters
	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, 30 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	CQI feedback delay
	2 ms

	CQI subband size
	360 kHz (24 subcarriers)

	CQI quantization
	5 bits per value/subband

	CQI feedback cycle
	5 ms (3 km/h), 2 ms (30 km/h)

	Link to system level interface
	EESM

	Traffic type
	Full buffer

	Scheduler
	Time and frequency selective Proportional Fair scheduler

Round Robin (time and frequency)


Annex B

Table B1. Simulation results for -10/+10 dB min/max PDCCH power offset – 3 km/h (RR scheduler)
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[1 2 4 8 ]

[%]

PDCCH

Error Rate

[%]

[1 2 4 8]

7,80 - 107 - 0,76

[1 2 3 4 8]

7,79 -0,1 106 -0,9 0,77

[1 2 4] 7,78 -0,1 112 3,9 0,79
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PDCCH
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[1 2 4 8]

7,78 - 108 - 0,79

[1 2 3 4 8]

7,79 0,1 108 -0,2 0,78

[1 2 4] 7,77 -0,1 107 -0,7 0,79

   

Aggregation

Sizes

Cell

Throughput

[Mbit/s]

Gain w.r.t.

[1 2 4 8 ]

[%]

Cell Edge

Throughput

[Kbit/s]

Gain w.r.t.

[1 2 4 8 ]
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[1 2 4 8]

7,78 - 108 - 0,81

[1 2 3 4 8]

7,78 0,0 109 1,3 0,80

[1 2 4] 7,79 0,1 111 3,1 0,79

CCE size = 24 REs

CCE size = 28 REs

CCE size = 36 REs


Table B2. Simulation results for -6/+4 dB min/max PDCCH power offset – 3 km/h (RR scheduler)
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7,79 0,0 108 -0,3 0,74

[1 2 4] 7,82 0,4 113 4,4 0,60

   

Aggregation

Sizes

Cell

Throughput

[Mbit/s]

Gain w.r.t.

[1 2 4 8 ]

[%]

Cell Edge

Throughput

[Kbit/s]

Gain w.r.t.

[1 2 4 8 ]

[%]

PDCCH

Error Rate

[%]

[1 2 4 8]

7,78 - 108 - 0,81

[1 2 3 4 8]

7,78 0,0 109 1,3 0,80

[1 2 4] 7,80 0,3 108 0,2 0,65

CCE size = 24 REs

CCE size = 28 REs

CCE size = 36 REs


Table B3. Simulation results for -10/+10 dB min/max PDCCH power offset – 30 km/h (RR scheduler)
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5,80 0,0 83 0,0 1,27

[1 2 3 4 8]

5,81 0,2 83 -0,4 1,26

[1 2 4] 5,80 0,0 83 0,2 1,27
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5,80 0,0 83 0,0 1,27

[1 2 3 4 8]
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[1 2 4] 5,80 0,1 83 -0,2 1,28
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5,81 0,0 83 0,0 1,27

[1 2 3 4 8]

5,80 0,0 83 0,0 1,30

[1 2 4] 5,80 0,0 84 0,8 1,28

CCE size = 24 REs

CCE size = 28 REs

CCE size = 36 REs


Table B4. Simulation results for -6/+4 dB min/max PDCCH power offset – 30 km/h (RR scheduler)
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CCE size = 36 REs































































































PAGE  
3GPP
2/6

_1177244166.unknown

_1179921060.unknown

