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1
Introduction
In [4], we compare a non MIMO OFDM based E-UTRA downlink with and HSDPA based E-UTRA downlink.
In this document, we list all the relevant system assumptions used to obtain results in [4]. Further, we extend the analysis of an OFDM based system by considering multi-dimensional sub-band scheduling to achieve the efficient user traffic scheduling. The goal of the subband scheduling is to exploit the knowledge of the frequency variations, but it could have an associated cost of additional uplink signaling load.
2
Subband Scheduling in OFDM
In the single user scheduling strategy, only one user is scheduled in each slot. The entire bandwidth is available to that user for transmission. This is suitable for bursty data transmission with large packets. The user for any given slot is chosen to maximize the throughput. The metric used for prioritization may be based on the effective SNR. However, the schedulers that maximize the sum throughput do not necessarily provide satisfactory fairness. In other words, such scheduling can lead to starvation of users whose channel conditions are consistently bad due to the large path loss. Therefore, proportional fair scheduler may also be considered as a good performance-fairness tradeoff alternative.

While the single user strategy is simple, to achieve better system performances, it is beneficial to consider choosing multiple users to transmit at the same time. It can be done by selecting the best user for a group of subcarriers. Hence, any time a user has a good channel, and not necessarily across entire bandwidth, it can be selected for transmission. 

Optimal Solution

The optimal solution for joint dynamic subcarrier allocation and adaptive power allocation is nontrivial. The optimization problem is commonly solved by maximization via two steps:

1. Subcarrier assignment for users 

· Maximize the data rate for each subcarrier. It is shown in [3] that the subcarrier assignment strategy for multiple users to maximize the data rate of a specific subcarrier in a downlink multiuser OFDM system is that the subcarrier should be assigned to only one user who has the best channel gain for that subcarrier
2. Power allocation for subcarriers 

· The amount of transmit power is allocated to each subcarrier such that the overall data rate is maximized. In the special case where all users have the same weights, the transmit power adaptation is in the form of water-filling over the subcarriers with the best channel gains. In other words, a user who has the best channel gain for a specific subcarrier is scheduled the data on that subcarrier with the amount of transmit power which is determined by the water-filling rule. 
· The water filling level needs to be determined for every symbol period, and it has to be done by a numerical search. To avoid the computational burden, a simple equal power allocation method can be adopted. It is shown in [3] that there is almost no performance difference between the two schemes.
Sub-optimal Solution

There are several sub-optimal solutions, and they are based on the assumption that the power allocation is equal across all subchannels, and only optimize the assignment of users to subchannels. We adopt the approach where the allocation of the subcarriers is based on a proportional fair scheduling algorithm. To minimize the overhead, the subcarriers can be divided into groups (subbands), where every subband is composed of several successive subcarriers [2]. The scheduling is performed on per subband. Note that the scheduler may not only decide on the users to be served, but also on the modulation and coding scheme in all bands.
The proportional fair scheduling metric, based on multi-carrier solution, can be derived and applied to each subband. The priority metric of user i at subcarrier k is calculated as
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Where 
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 maximum supportable data rate of user i at subcarrier k, and 
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 is the filtered rate to the ith user. The filtered allocated data rate, computed at each scheduling interval, is
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where 
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 is the time constant of the low-pass filter, and 
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 is the current allocated rate to the ith user on the kth subcarrier.

Under the constraint that the resource allocation is done per group of subcarriers, i.e. subband, the priority metric of user i at subband k is calculated as
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where 
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 is the set of subcarriers in the kth subband.

Delay Sensitive Scheduling

Note that in the previous approach only the proportional fair aspect (which is throughput related) is taken into account. This may not be good enough for delay sensitive data, so the scheduling mechanism may need to be modified to explicitly consider the delay constraint. That can be achieved either by 

· Factorizing the proportional fair metric by the delay function

· First scheduling the delay sensitive users on for them most suitable subbands. 
· If some subbands remain unoccupied after the delay sensitive users have been scheduled, those subbands can be allocated to the non-delay sensitive users using the proportional fair scheduling, as presented before.

Feedback Considerations

Time-frequency multiuser diversity scheduling may pose some problems related to the amount of feedback information that would represent the downlink channel quality. For the best performance, if users are scheduled on different subbands, they have to feedback information about the each subband. This can result in a high overhead, depending on the number of subbands. The possible approaches to decrease overhead are
· Only feed back information from the several strongest subbands
· The feedback information may be sent only occasionally, while only the differential information (change with respect to the previous) may be sent on a regular basis
· The full feedback is sent only for the strongest subband, while differential information, with respect to the strongest subband, is signalled for the rest of the subbands

3
System Assumptions
The impact to the system performance is evaluated from the following aspects:
· Scheduling

· Subband scheduling

· As desribed above, subband scheduling referes to the scheduling mechanism where the entire bandwidth is divided into 4 subbands, and users are scheduled independently on each subband, using the PF metric as given by equation (3). The HARQ retransmissions are asynchronous, and can occur on any subband (independent on the subband used for the first transmission)

· Single user scheduling 

· Baseline scheduling mechanism, where only one user is scheduled at the time using the whole bandwidth (all subcarriers)
· Different deployment scenarios

· Impact of Rx diversity

· 1 and 2 Rx antennas
The rest of the assumptions are outlined in Table 1.

	Parameter
	Explanation/Assumption

	Cellular layout
	19 Node-B, 3-cell sites

	Number of UEs per cell
	10 UEs 

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio

	Site to site distance
	Varied according to link budget

	Propagation model
	Varied according to center frequency

	CPICH power
	-10 dB

	Other common channels
	-10 dB

	Power allocated to HSDPA transmission, including associated signalling
	Max. 80 % of total cell power

	Slow fading
	Log normal distribution

	Standard deviation of slow fading
	8 dB

	Correlation between sectors
	1.0

	Correlation between sites
	0.5

	Carrier frequency
	2000 and 900 MHz

	BS antenna gain
	13 dB

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Penetration loss
	Varied according to link budget

	Thermal noise density
	-174 dBm/Hz

	Fast HARQ scheme
	Chase combining

	Number of retransmissions
	3

	Scheduling algorithm
	Proportional Fair

	BS total Tx power
	43 dBm

	TTI length
	2 msec

	MCS feedback delay
	2 TTIs

	MCS selection
	<=10% of the raw BLER

	Number of Rx antennas
	1 and 2

	Specific fast fading model
	Jakes spectrum

	Antenna correlation
	Urban macro as given in Table 5.1 in [5]

	Intercell interference modeling
	Serving cell modeled as mulitpath and spatially correlated processes with RxD

Remaining 56 cells modeled as single path Rayleigh fading

	Link to system interface
	10 AWGN curves used along with the corresponding payload adjustment and Doppler adjustment for high velocity channel; EESNR method to calculate supportable data rate and PER [1]

	Bandwidth
	5 MHz

	Sampling frequency
	7.68 MHz

	FFT size
	512

	Number of occupied subcarriers
	300

	Number of data subcarriers
	260

	Number of OFDM sybols per TTI
	7


Table 1

Simulation Assumptions

The channel power/delay profile is given in Table 2.

	Channel Model
	Path 1 (dB)
	Path 2 (dB)
	Path 3 (dB)
	Path 4 (dB)
	Path 5 (dB)
	Path 6 (dB)

	TU
	-3 
	0
	-2
	-6
	-8
	-10


Table 2

Normalized Power Profile

The deployment scenarios are listed in Table 3.

	Scenario
	Carrier Frequency
	Site-to-site Distance

(m)
	Penetration Loss

(dB)
	Speed (km/hr)
	Propagation Model

	D1
	2 GHz
	500
	20
	3
	L = 128.1 + 37.6 Log10(R)

	D2
	2 GHz
	500
	10
	30
	L = 128.1 + 37.6 Log10(R)

	D3
	2 GHz
	1732
	20
	3
	L = 128.1 + 37.6 Log10(R)

	D4
	900 MHz
	1000
	10
	3
	L = 120.9 + 37.6 Log10(R)


Table 3

Deployment Scenarios

	Modulation
	Code Rate
	Information Bit Payload
	24-bit CRC Addition

	QPSK
	1/3
	1200
	1224

	 QPSK
	1/2
	1800
	1824

	QPSK
	2/3
	2400
	2424

	QPSK
	3/4
	2700
	2724

	QPSK
	4/5
	2880
	2904

	16QAM
	1/3
	2400
	2424

	16QAM
	1/2
	3600
	3624

	16QAM
	2/3
	4800
	4824

	16QAM
	3/4
	5400
	5424

	16QAM
	4/5
	5760
	5784


Table 4

MCS – 4 Sub-bands
	Modulation
	Code Rate
	Information Bit Payload
	24-bit CRC Addition

	QPSK
	1/3
	4800
	4824

	QPSK
	1/2
	7200
	7224

	QPSK
	2/3
	9600
	9624

	QPSK
	3/4
	10800
	10824

	QPSK
	4/5
	11520
	11544

	16QAM
	1/3
	9600
	9624

	16QAM
	1/2
	14400
	14424

	16QAM
	2/3
	19200
	19224

	16QAM
	3/4
	21601
	21625

	16QAM
	4/5
	23041
	23065


Table 5

MCS – 1 Sub-band
The link curves used in the system simulations are given in Figure 1 and Figure 2.
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Figure 1

AWGN Link Performance – QPSK
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Figure 2

AWGN Link Performance – 16QAM

4
Summary
In this document we presented the system description of an OFDM based E-UTRA downlink. The multi-dimensional scheduling in terms of proportional fair subband scheduling was considered for efficient user traffic scheduling. Such technique which exploits the knowledge of frequency variations was utilized in [4] to provide additional performance improvement for OFDM based E-UTRA downlink.
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