3GPP TSG-RAN WG1 Meeting #42bis
R1-051064
San Diego, CA, USA, 10 – 14 October 2005

Source:
Panasonic
Title: 
Resource Block bandwidth for OFDMA‑based EUTRA downlink in localized mode

Agenda Item:
8.3

Document for:
Discussion and Decision

1 Introduction

In the RAN1#42 meeting, discussion on the bandwidth for the Resource Blocks for OFDMA‑based EUTRA downlink in localized mode has been initiated [1-6]. This contribution analyzes the frequency scheduling performance based on system level simulation results for different Resource Block sizes for the frequency selective TU and PedB channel environments taking the downlink control signaling overhead into account.

2 Simulation Assumptions

2.1 Basic Simulation Parameters

System level simulations according to the agreed numerology for OFDMA-based EUTRA downlink [7] have been performed. The basic simulation assumptions are given in Table 1 below.

Table 1 – Basic Simulation Parameters 


	Parameter
	Assumption/Value

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

	Inter-site distance (ISD)
	500 m

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

	Lognormal Shadowing 
	As modeled in UMTS 30.03, B 1.4.1.4 [3]

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz, 10 MHz

	Channel model
	Typical Urban (TU), Pedestrian B (PedB)

	Inter-cell Interference model
	Colored interference

	UE deployment
	Uniform random spatial distribution over all cells

	Minimum distance between UE and BS
	33.5 m

	Frequency reuse factor
	1

	Traffic Model
	Full queue traffic, best effort

	Hybrid ARQ scheme
	Chase combining

	Hybrid ARQ round trip delay
	6 sub‑frames (3 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, 30 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Handover
	UE connected to best sector

	Channel estimation
	Ideal

	Shared control channel
	Ideal reception

	Link to system level interface
	EESM


2.2 Localized Mode Physical Channel Structure

The physical channel structure is shown in Figure 1 and Table 2. A sub‑frame of 0.5 ms duration consists out of 7 OFDM symbols, where every other subcarrier of the first OFDM symbol in each sub-frame carries a common pilot. The remaining symbols are used for data transmission. Control signaling overhead is not considered (influence of control signaling overhead is evaluated in section 4). In total 300 or 600 subcarriers for 5 or 10 MHz respectively are allocated for transmission, where N adjacent subcarriers build a sub‑band. Hence, a Resource Block (RB) spans over one sub‑band and one sub-frame. Simulations have been performed for various sub‑band (Resource Block) sizes, as defined in Tables 3 and 4.

The link adaptation (MCS selection) and user allocation is performed per single resource block, i.e. scheduling is performed in frequency domain as well as in time domain based on proportional fairness.
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Figure 1 – Physical Channel Structure
Table 2 – Physical Channel Parameters
	Parameter
	Assumption/Value

	Pilot channel 
	According to Figure 1 (7.1% overhead)

	Subcarrier spacing
	15 kHz

	Cyclic Prefix overhead
	7.1 % (short CP)

	Number of OFDM symbols per sub‑frame
	7

	Sub-frame duration
	0.5 ms

	Resource Blocks (RB)
	Subcarriers /
Bandwidth /
number RBs
	According to Table 3 (5 MHz) and Table 4 (10 MHz)

	
	Sub-frames
	1 (0.5 ms)

	Modulation and coding schemes
	QPSK (R = 1/8, 1/4, 1/3, 1/2, 2/3, 3/4)
16QAM (R = 1/2, 2/3, 4/5)
64QAM (R = 2/3, 3/4, 5/6)

	Coding for data channel
	3GPP Turbo coding and Rate-matching

	Scheduling algorithms
	Frequency (sub-band) domain and time domain scheduling: Proportional Fair (PF)


Table 3 – Resource Block Definition for 5 MHz
	Resource Block Size
[kHz]
	Resource Block Size [Subcarriers]
	Number of Resource Blocks
[numRB]

	4500
	300
	1

	900
	60
	5

	450
	30
	10

	300
	20
	15

	225
	15
	20


Table 4 – Resource Block Definition for 10 MHz
	Resource Block Size
[kHz]
	Resource Block Size [Subcarriers]
	Number of Resource Blocks
[numRB]

	9000
	600
	1

	1800
	120
	5

	900
	60
	10

	600
	40
	15

	450
	30
	20

	300
	20
	30

	225
	15
	40


2.3 CQI Feedback

It is assumed that each UE sends a CQI feedback for each sub-band in each sub‑frame, i.e. per resource block. Further details on the CQI feedback are given in Table 5. 

Table 5 – CQI Feedback

	Parameter
	Assumption/Value

	UE CQI estimation error
	Lognormal distributed

(1dB standard deviation)

	CQI feedback delay
	4 sub-frames (2 ms)

	CQI feedback loss rate
	1 %


3 Simulation Results

3.1 Results for 3km/h

In this section simulation results for low speed (3 km/h) for bandwidths of 5 and 10 MHz are evaluated. Figures 2 and Figure 3 show the sector throughput for two receive antennas for various Resource Block (RB) sizes for the TU and PedB channels respectively.

As expected, in all cases for all RB sizes, the sector throughput performance increases with increasing number of users per sector due to multi‑user diversity. It may also be observed that for high loads (( 30 users per sector) in all scenarios the performance improves with decreasing RB size due to improved utilization of the high frequency selectivity of the TU and PedB channels. However, a decrease of the RB size from 450 kHz (5 MHz) and from 600 kHz (10 MHz) down to 225 kHz shows only small improvement.

Figure 5 depicts the CDF of the normalized user throughput (30 users per sector) for the TU channel for 5 and 10 MHz. It is shown that the respective RB sizes have similar fairness performance in both bandwidths. Moreover, one can observe that the fairness performance improves with decreasing RB size, where the improvements for RB sizes smaller than 900kHz are marginal.
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Figure 2 – Sector Throughput vs. UEs per Sector for (a) 5 MHz and (b) 10 MHz (TU channel)
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Figure 3 – Sector Throughput vs. UEs per Sector for 10 MHz (Pedestrian B channel)
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Figure 4 – CDF of the normalized user throughput for (a) 5 MHz and (b) 10 MHz (TU channel)

3.2 Results for 30 km/h

Figure 5 shows the sector throughput performance for 30 km/h in the TU channel environment for 5 and 10 MHz. The same trends as for 3 km/h are observed. However, the overall sector throughput performance is decreased compared to the 3 km/h case due to less accurate CQI feedback, which also causes a slightly reduced frequency scheduling gain.

[image: image9.wmf]0

10

20

30

40

50

6

6.5

7

7.5

8

8.5

9

Users per Sector

Sector Throughput [Mbit/s]

 

 

RB size: 4500 kHz 

RB size: 900 kHz 

RB size: 450 kHz 

RB size: 300 kHz

RB size: 225 kHz

[image: image10.wmf]10

20

30

40

50

12

13

14

15

16

17

18

Users per Sector

Sector Throughput [Mbit/s]

 

 

RB size: 9000 kHz 

RB size: 1800 kHz 

RB size: 900 kHz 

RB size: 600 kHz 

RB size: 450 kHz 

RB size: 300 kHz 

RB size: 225 kHz


(a)

















(b)

Figure 5 – Sector Throughput vs. UEs per Sector for (a) 5 MHz and (b) 10 MHz (TU channel)

3.3 Summary of Simulation Results

Tables 6 and 7 show the frequency scheduling gain without considering the downlink control signaling overhead for the simulated RB sizes for 5 and 10 MHz respectively. It can be seen that for low speed (3 km/h) the gain for respective RB sizes are similar for TU and PedB channels. The gain for 30 km/h in the TU environment is somewhat lower than for 3 km/h but still significant. In all cases the smallest RB size shows best performance, however the performance improvements for RB sizes from 450 kHz (5 MHz) and from 600 kHz (10 MHz) down to 225 kHz are relatively small.

Table 6 – Gain in Sector Throughput for 5 MHz (30 users per sector) relative 
to the case without Frequency Scheduling (RB size of 4500 kHz)

	RB Size
	TU 3km/h
	TU 30km/h

	900 kHz
	15 %
	12 %

	450 kHz
	18 %
	15 %

	300 kHz
	19 %
	16 %

	225 kHz
	21 %
	19 %


Table 7 – Gain in Sector Throughput for 10 MHz (30 users per sector) relative 
to the case without Frequency Scheduling (RB size of 9000 kHz)

	RB Size
	TU 3km/h
	TU 30km/h
	PedB 3km/h

	1800 kHz
	8 %
	6 %
	14 %

	900 kHz
	15 %
	12 %
	19 %

	600 kHz
	17 %
	14 %
	21 %

	450 kHz
	17 %
	14 %
	21 %

	300 kHz
	17 %
	15 %
	21 %

	225 kHz
	18 %
	16 %
	21 %


4 Impact of Downlink Control Signaling Overhead

Since the simulation results shown in the previous section do not consider the throughput loss due to scheduling related downlink control signaling overhead, naturally the (frequency) scheduling gain increases with decreasing RB sizes. In this section, the sector throughput performance for the different RB sizes is evaluated taking the downlink control signaling overhead into account (reception of the control signaling is assumed to be ideal). An HS-SCCH like control signaling structure is assumed, where the required signaling overhead per control channel is defined according to Table 8.

Table 8 – Control Signaling Format

	Parameter
	Number of bits

	Modulation Scheme
	2 bit

	Coding Scheme / TBS
	4 bit

	HARQ Process + New Data Indicator
	4 bit

	RV/Constellation Version
	3 bit

	UE ID
	16 bit

	RB allocation set
	
2((log2(numRB)(


Assuming that the number of signaling channels is equal to half the number of defined RBs, the control signaling overhead yields: 

(NumRB/2(((29 + 2((log2(numRB)() bit

The following Tables 9 and 10 show the resulting gains assuming a pilot overhead of 7.1 % (according to Figure 1) and assuming that the downlink control signaling information is transmitted with QPSK rate 1/2. The tables show that considering scheduling gain jointly with the assumed required downlink signaling overhead, a RB size somewhere in the range between 600 kHz and 900 kHz seems to be reasonable, which is in well alignment with results shown in [1]. It should be noted, that according to our investigations, this conclusion is also valid for transmitting the control signaling with slightly lower (1/3) and slightly higher (2/3) rates.

As can be seen from Table 11, a RB size between 600 kHz and 900 kHz yields also reasonable range of minimum payload sizes for e.g. small packet transmissions, such as VoIP.

Table 9 – Gain in Sector Throughput for 5 MHz (30 users per sector) relative 
to the case without Frequency Scheduling (RB size of 4500 kHz)

	
	TU 3km/h
	TU 30km/h

	900 kHz
	10 %
	8 %

	450 kHz
	8 %
	5 %

	300 kHz
	2 %
	0 %

	225 kHz
	-12 %
	-4 %


Table 10 – Gain in Sector Throughput for 10 MHz (30 users per sector) relative 
to the case without Frequency Scheduling (RB size of 9000 kHz)

	RB Size
	TU 3km/h
	TU 30km/h
	PedB 3km/h

	1800 kHz
	6 %
	5 %
	12 %

	900 kHz
	11 %
	9 %
	14 %

	600 kHz
	9 %
	7 %
	13 %

	450 kHz
	6 %
	5 %
	10 %

	300 kHz
	0 %
	-1 %
	4 %

	225 kHz
	-6 %
	-7 %
	-4 %


Table 11 – Available Modulation Symbols for Data per RB for different 
RB sizes (control signaling transmitted with QPSK rate 1/2)

	RB Size
	Available Modulation Symbols per RB (10 MHz)
	Available Modulation Symbols per RB (5 MHz)

	9000 kHz
	3871
	-

	4500 kHz
	-
	1921

	1800 kHz
	759
	-

	900 kHz
	372
	369

	600 kHz
	240
	-

	450 kHz
	176
	177

	300 kHz
	111
	110

	225 kHz
	77
	78


5 Summary and Conclusions
In this contribution, the frequency scheduling performance for OFDMA-based downlink in localized mode has been evaluated for a number of different Resource Block sizes.

It has been observed that in TU and PedB channel environments frequency scheduling gain can be achieved for user speeds of 3km/h and 30km/h. Without considering the control signaling overhead, it has been observed that smaller RB sizes provide larger gain. However, taking the downlink control signaling overhead into account, best performance has been observed for RB sizes between 600 kHz and 900 kHz, which also yield reasonable minimum payload sizes.

Therefore, we recommend a Resource Block size for OFDMA-based downlink in localized mode in the range of 600 ‑ 900 kHz.
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