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1. Introduction

PDCCH and network performance (average cell and cell edge throughput) was investigated for different non-precoded wideband CQI update rates.  An update rate of at least every 10 ms is needed for adequate PDCCH performance.
2. PDCCH and System Performance vs CQI Update rate
The results in Tables 1 to 4 show that there is a loss in average cell and cell edge throughput performance if the reporting is only once every 10ms for 3km/h and 15km/h TU channel models compared to 2, 4, or 6 ms.  The throughput performance is better than using the long term averaged CQI.  
Table 1 – Average Cell T-put for 1x2, 3km/h TU

[image: image1.emf]2 ms  4 ms  6 ms  10 ms

Case 1 (kbps) 6239.5 6232.6 6225.7 6203.7 5845.8

Case 3 (kbps) 5851.1 5845.6 5836.9 5812.3 5486.2

CQI Feedback Rate
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CQI


Table 2 – Cell Edge T-put for 1x2, 3km/h TU 
[image: image2.emf]2 ms  4 ms  6 ms  10 ms

Case 1 (kbps) 190.1 190.3 189.3 188.0 178.6

Case 3 (kbps) 133.6 133.4 132.0 130.8 124.1

CQI Feedback Rate

Long term 

CQI


Table 3 – Average Cell T-put for 1x2, 15km/h TU

[image: image3.emf]2 ms  4 ms  6 ms  10 ms

Case 1 (kbps) 5935.5 5907.3 5895.3 5887.5 5768.6

Case 3 (kbps) 5468.7 5448.2 5448.7 5451.0 5439.3
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Table 4 – Cell Edge T-put for 1x2, 15km/h TU 

[image: image4.emf]2 ms  4 ms  6 ms  10 ms

Case 1 (kbps) 199.9 197.1 196.3 195.0 191.1

Case 3 (kbps) 146.9 144.6 144.0 143.1 139.2

CQI Feedback Rate

Long term 

CQI


For higher vehicular speeds such as 30km/h and 120km/h, Tables 5 to 8 show that there is a significant loss in both the average and cell edge throughput performance when compared with lower vehicular speed results.  Note that increased CQI feedback rate degrades the performance, and the performance using long-term CQI is better than using the filtered wideband CQI.  The reason for this is that at higher vehicular speed, a better filtered CQI needs to be generated and employed.  
Table 5 – Average Cell T-put for 1x2, 30km/h TU
[image: image5.emf]2 ms  4 ms  6 ms  10 ms

Case 1 (kbps) 4644.1 4673.0 4693.9 4703.0 4774.1

Case 3 (kbps) 4203.4 4258.2 4294.9 4315.1 4476.2

CQI Feedback Rate

Long term 
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Table 6 –Cell Edge T-put for 1x2, 30km/h TU

[image: image6.emf]2 ms  4 ms  6 ms  10 ms

Case 1 (kbps) 150.3 152.2 152.4 153.2 162.9

Case 3 (kbps) 106.1 106.7 108.1 109.0 119.3

CQI Feedback Rate

Long term 

CQI


Table 7 – Average Cell T-put for 1x2, 120km/h TU
[image: image7.emf]2 ms  4 ms  6 ms  10 ms

Case 1 (kbps) 3972.5 3987.0 3989.3 3999.6 4217.1

Case 3 (kbps) 3569.1 3621.3 3633.5 3647.3 3937.7

CQI Feedback Rate

Long term 

CQI


Table 8 – Cell Edge T-put for 1x2, 120km/h TU
[image: image8.emf]2 ms  4 ms  6 ms  10 ms

Case 1 (kbps) 121.7 122.1 123.1 123.8 143.5

Case 3 (kbps) 83.9 88.2 89.1 89.9 105.7

CQI Feedback Rate

Long term 

CQI


3. Conclusion 
The non-precoded wideband CQI update rate should be at least every 10 ms to minimize performance loss (keep < 5%) compared to a 2ms CQI update rate for 3 to 15km/h.  It is proposed that [2] bits is required to map from narrow band or wideband precoded CQI to wideband non-precoded CQI.  For higher vehicular speed such as 30 and 120 km/h, a different filtered version of the wideband CQI may be needed.
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Table 6. 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
	5 MHz:
48 bit

	
	UL assignments
	5 MHz:
36 bit

	Maximum # DL assignments per sub‑frame
	5 MHz:
6, 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, power boost at most +/- 6dB.

	CCE size
	36 REs

	CCE aggregation sizes / MCS levels
	8 / QPSK rate 1/12
4 / QPSK rate 1/6
3 / QPSK rate 2/9
2 / QPSK rate 1/3
1 / QPSK rates 2/3  

	Coding
	Convolutional

	Reference signal overhead
	5 MHz:
50/600 REs  (assuming reference signals for 2TX antennas)

	L1/L2 control channel overhead
	DL ACK/NACK (PHICH)
	5 MHz:
3  out of 125 mini-CCEs  (50 1st symbol +75 2nd symbol)

	
	PCFICH
	5 MHz:
4 mini-CCEs out of 125

	
	UL assignments
n=2
n=3
	
5 MHz:
6 CCEs / 216 REs / 54 mini-CCEs )


	
	DL assignments 
n=2
n=3
	
5 MHz:
7 CCEs / 252 REs / 63 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.  REG index=PREG index.


Table 7. Simulation Assumptions
	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 cells per site, wrapped‑around

	Inter-site distance (ISD)
	500 m, 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
	5 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 (11 used for data, 2 for control (n=2), 1 for RS overhead)

	Channel model
	Typical Urban (TU) used for PDSCH and for  PDCCH signal

	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
	IR , Chase combining (asynchronous) (2/3<MCS<4.8), 16 levels

	Hybrid ARQ round trip delay
	6 subframes ( 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
	43 dBm 

	BS antenna gain (incl. cable loss)
	14 dBi

	BS transmitter
	1 antenna

	UE speed 
	3 km/h, 15 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, 4 ms, 6 ms, 10 ms

	CQI Error
	1dB for low SINR and 0.5 for high SINR

	Link to system level interface
	K=7 Convolutional Coder instantiation for PDCCH, EESM for PDSCH

	Traffic type
	Full buffer

	Scheduler
	Time and frequency selective Proportional Fair scheduler

	Number of UEs per sector
	10

	Cyclic prefix
	Short

	Centre Frequency
	2 GHz

	Channel Estimation
	Non Ideal
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