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1. Introduction

This contribution contains text proposals for the basic transmission scheme of OFDMA-UL for EUTRA, to be included in section 9 of [9]. In this document, specific parameters for numerology, frame structure, and pilot multiplexing are provided. Emphasis is put on using the same numerology as that used in the DL, in order to enable DL/UL symmetry that can simplify the UE and Node-B implementations, as well as maximize the similarities between EUTRA FDD and TDD modes.  Special attention is given to multi-user diversity in the frequency domain that fits naturally within an OFDMA uplink framework. This multi-user diversity approach is particularly important for cell-edge users that utilize their limited power resources most efficiently when transmitting continuously over time, and thus can not utilize the conventional multi-user diversity benefits associated with e.g. proportionally fair schedulers.  Some simulation results are provided to demonstrate the effectiveness of the proposed approach. 
2. Radio Frame Structure

The radio frame length is assumed to be identical to the downlink of EUTRA [1]. Its length is 10msec, and it is divided into 20 sub-frames of 0.5msec each. Figure 1 shows the frame and sub-frame structure. Several sub-frames can be concatenated into a larger unit in order to reduce control overhead.
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Figure 1: Radio frame structure
3. Sub-frame Structure

The sub-frame structure contains a fixed combination of data and control channels. Each sub-frame consists of two different fields, data chunk and out-of-band pilots (denoted as OBP). The data chunk contains a fixed-size group of data and in-band pilot (IBP) symbols, comprising the minimum block size for transmission. The OBPs are designed for implementing Multi-User Diversity on the uplink to enhance UL coverage and capacity. Figure 2 shows three possible sub-frame structures, used in each of the three Node-B sectors. Note that the DC bin is not used, and that the OBP symbols of different sectors are separated by at least two OFDM frequency bins. This is required to avoid unnecessary collisions of OBPs of different Node-B’s/sectors when the network operates at low loads.
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Figure 2 : Sub-frame structure
Table 1 summarizes the sub-frame numerology for different carrier bandwidths. The data-chunk bandwidth and duration are independent of the carrier bandwidth, and are designed to be the same in all cases.

	Carrier Bandwidth
	Number of sub-carriers (Occupied)
	Max number of data chunks
	Number of OBPs
	Data chunk size
	OBP sub-carrier location

Set # 1
	OBP sub-carrier location

Set # 2
	OBP sub-carrier location

Set # 3

	BW
	Nused
	Nchunk
	Nobp
	(Bin,Sym) 
	[kHz]
	[kHz]
	[kHz]

	1.25MHz
	75
	7
	4
	10X7
	-630,-315,15,330
	-330,-15,315,630
	-480,-165,165,480

	2.5MHz
	148
	14
	7
	10X7
	-945,-630,-315,
15,330,645,960
	-960,-645,-330,-15,
315,630,945
	-795,-480,-165,
165,480,795,1110

	5MHz
	295
	28
	14
	10X7
	-2205,…,-630,-315,
15,330,…,1905
	-1905,…,-330,-15,
315,630,…,2205
	-2055,…,-480,-165,
165,480,…,2055

	10MHz
	599
	57
	28
	10X7
	-4410,…,-630,-315,
15,330,…,4110
	-4110,…,-330,-15,
315,630,…,4410
	-4260,…,-480,-165,
165,480,…,4260

	15MHz
	893
	85
	42
	10X7
	-6615,…,-630,-315,
15,330,…,6315
	-6315,…,-330,-15,
315,630,…,6615
	-6465,…,-480,-165,
165,480,…,6465

	20MHz
	1197
	114
	56
	10X7
	-8820,…,-630,-315,
15,330,…,8520
	-8520,…,-330,-15,
315,630,…,8820
	-8670,…,-480,-165,
165,480,…,8670


Table 1 Sub-frame numerology

In some deployment scenarios, it may be desired to avoid the use of OBPs (thus reducing pilot overhead by about 5% - see Table 1). The sub-frame structure for this case is TBD.

The data chunk constitutes the basic building block for user bandwidth allocation. One or more data chunks can be assigned to a UE for transmitting data to the Node-B. Also, data chunks may be assigned to UEs in a TDM manner, i.e. with a duty cycle lower than one. Figure 3 shows an example for a data chunk format. Data bins and pilot bins have the same power level. The chunk bandwidth is selected to be 150 kHz, which is a good compromise between Multi-User Diversity gains and feedback overheads. The chunk duration is equal to the sub-frame duration. 
The exact in-band pilot structure is FFS and should compromise channel estimation performance and pilot overhead. 
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Figure 3 : An example for the data chunk format
4. Uplink Transmission Scheme

Figure 4 shows the basic transmitter block diagram, based on conventional OFDM using a cyclic prefix and pulse shaping filter. The use of advanced OFDM (e.g. OFDM/IOTA [10] and [11]) to reduce the cyclic prefix overheads is FFS. In analogy to the DL, a data stream is mapped to symbols based on the modulation schemes (QPSK, 16-QAM, etc.). The data symbol and pilot symbol streams are gathered into chunk blocks, and mapped onto the OFDM symbol. When OBPs are required, the OBP symbols are mapped according to the sub-frame structure pattern onto the OFDM symbol. The next processing stages involve Inverse Fast Fourier Transform (IFFT), possibly with PAPR reduction, followed by the addition of a Cyclic Prefix (CP) and spectral shaping to suppress out-of-band emission.   
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Figure 4 : Block diagram of uplink OFDMA transmitter
Table 2 provides the basic OFDM parameters. As mentioned earlier, the duration of a sub-frame is 0.5msec for all bandwidths. 
	Parameters
	BW 1 
	BW  2
	BW 3
	BW 4
	BW 5
	BW 6

	System bandwidth (MHz)
	1.25 
	2.5
	5
	10
	15
	20

	TTI duration (msec)
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	FFT size (points)
	128
	256
	512
	1024
	1536
	2048

	OFDM sampling rate (Msamples/sec)
	1.92
	3.84
	7.68
	15.36
	23.04
	30.72

	Ratio of OFDM sampling rate to UMTS chip rate
	½
	1
	2
	4
	6
	8

	Guard time interval (cyclic prefix) (samples/μsec)
	9.14/4.76
	18.29/4.76
	36.57/4.76
	73.14/4.76
	109.7/4.76
	146.3/4.76

	Sub-carrier separation (kHz)
	15
	15
	15
	15
	15
	15

	# of OFDM symbols per TTI 
	7
	7
	7
	7
	7
	7

	OFDM symbol duration (μsec)
	71.43
	71.43
	71.43
	71.43
	71.43
	71.43

	# of useful sub-carriers per OFDM symbol 
	76
	151
	301
	601
	901
	1201

	OFDM bandwidth (MHz)
	1.14
	2.265
	4.515
	9.015
	13.515
	18.015


Table 2 : OFDM Numerology
5. Scheduling and Link Adaptation
For low mobility users, the proposed OFDMA uplink scheme allows the network to exploit multi-user diversity in the frequency domain. OBPs are then utilized by the Node-B to optimize these users data chunk allocation, thus increasing the coverage and capacity of the EUTRAN uplink. 

High mobility users and/or very low-activity TDM users are assigned chunks based on frequency diversity considerations. 
6. Pilot Channel Structure

As mentioned earlier, there are two types of pilots:  in-band pilots (IBP) within each data chunk, which are used for coherent demodulation of the user’s data; and out-of-band pilots (OBP) that are used for the purpose of optimizing the resource allocation of the Node-B (e.g. by per-chunk scheduling). 
The exact number of IBPs and their specific allocation follows well-known considerations of tracking accuracy versus SNR and modelling errors, and are FFS.

There are Nobp frequency bins dedicated for OBPs that are time-multiplexed between the users. An example for a 5Mhz deployment is presented in Figure 5 below. There are 14 scheduled users (occupying 14*150kHz=~2.1MHz out of the total 4.5Mhz bandwidth), each user completing a full scan of the 14 OBP frequencies within two sub-frames (i.e. 1msec).  Supporting more or less users is achieved simply by changing the scan period of the 14 OBP frequencies. For example, 28 simultaneous users can be supported (occupying 4.2Mhz out of the total 4.5Mhz) by having each user transmit the OBPs with 50% time dilution, thus completing a full OBP frequency scan within a 2msec period. 

Supporting users with an activity factor smaller than 1 (i.e. TDM users) is achieved similarly. The OBPs are allocated during the active period of these users. Consequently, the number of simultaneous users that can be scheduled by the Node-B is increased in proportion to their activity factor. However, as we show in the simulations, the multi-user diversity gains are reduced due to the corresponding channel-estimation integration time. Nevertheless, even at an activity factor of 20%, meaningful gains are obtained.
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Figure 5 :  An example for Out-of-Band Pilot Multiplexing
7. Downlink Control Signalling

TBD 
8. Simulation Results
8.1. Frequency-dependent scheduling 

Simulation results demonstrating the multi-user diversity gains are presented below. We considered QPSK and 16-QAM modulations with code rates of 1/2 & 4/5, and activity factors of 20%, 50% and 100%. Table 3 summarizes the simulation parameters.  
Two types of users were simulated: scheduled and non-scheduled users, the latter employing frequency diversity to maximize performance. The Node-B is first optimizing the chunk assignment for the scheduled users, and the remaining chunks are randomly assigned to the diversity users. In case of collision in chunk assignment to scheduled users, a simple collision-resolution algorithm is utilized. The key factors affecting the performance of this approach in real-life scheduling are (1) channel estimation at the Node-B (based on the received OBP symbols), (2) Node-B processing time, and (3) feedback latency.  All three were taken into account in our simulations. 
As one can see, multi-user diversity gains of the scheduled users compared to the non-scheduled users are 2-3dB for the case of code rate R=1/2 for both QPSK & 16QAM, and around 4dB for code rate 4/5 for both QPSK & 16QAM.

	Bandwidth
	5MHz

	Chunk BW
	150KHz

	Number of Sub carriers
	300

	Sub carrier spacing
	15KHz

	TTI Duration
	0.5 msec

	Channel type 
	TU

	Vehicle speed
	3km/h @ 2GHz

	Total number of available chunks
	28

	Total number of out-of-band pilots
	14

	Modulation and channel code rate
	QPSK (1/2, 4/5(

	Max chunk scheduling feedback and processing delay
	6 TTI

	Max chunk scheduling update rate
	4 TTI

	Num of Rx antenna’s
	2

	Out-of Band pilot power fraction
	9.1%

	In-band pilot power fraction
	9.1%

	Data power fraction
	81.8%

	Channel estimation (for demodulation)
	Known

	Chunk allocation 
	Estimation based on OBP 

	Number of users
	5 non-scheduled users ( 100% duty cycle)
14 scheduled users (100% , 50% or 20% duty cycle)

	Load – Number of used T-F bins out of the total available T-F bins
	68% - for 100% duty cycle user
43% - for 50% duty cycle users
28% - for 20% duty cycle users


Table 3 :  OFDM parameters used in simulation
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9. Conclusions
In this contribution, we outlined some of the ingredients of an uplink EUTRAN based on OFDMA. The numerology and set-up we used are identical to that proposed for the EUTRA DL, in order to enable DL/UL symmetry that can simplify the UE and Node-B implementation, as well as maximize the similarities between EUTRA FDD and TDD modes.  Our focus is on mechanisms that enable the incorporation of multi-user diversity in the frequency domain, which fits naturally within an OFDMA uplink framework. The simulation results provided demonstrate significant SNR gains associated with the proposed approach. These SNR gains translate to coverage and capacity improvements for the EUTRA uplink.
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10. Text Proposal

------------------------------------- Start of Text Proposal ----------------------------------

Text proposal for Section 9.1 Basic transmission scheme

The OFDMA uplink transmission scheme is based on the parameters specified in Table 4 below.

	Transmission bandwidth
	1.25 MHz 
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Sub-frame duration
	0.5 ms

	Sub-carrier spacing 
	15kHz

	OFDM symbol duration
	71.43 usec

	Sampling frequency
	1.92 MHz
(1/2 ( 3.84 MHz)
	3.84 MHz
	7.68 MHz
(2 ( 3.84 MHz)
	15.36 MHz
(4 ( 3.84 MHz)
	23.04 MHz
(6 ( 3.84 MHz)
	30.72 MHz
(8 ( 3.84 MHz)

	FFT size (points)
	128
	256
	512
	1024
	1536
	2048

	Number of occupied 
sub-carriers *
	76
	151
	301
	601
	901
	1201

	Number of 
OFDM symbols 
per sub-frame
	7

	Guard time interval (cyclic prefix) (samples/μsec)
	9.14/4.76
	18.29/4.76
	36.57/4.76
	73.14/4.76
	109.7/4.76
	146.3/4.76


	OFDM bandwidth (MHz)
	1.14
	2.265
	4.515
	9.015
	13.515
	18.015

	CP length (μs/samples) **
	(4.69/9) ( 6,

(5.21/10) ( 1
	(4.69/18) ( 5,
(4.95/19) ( 2
	(4.69/36) ( 3,

(4.82/37) ( 4
	(4.75/73) ( 6,

(4.82/74) ( 1
	(4.73/109) ( 2,

(4.77/110) ( 5
	(4.75/146) ( 5,

(4.79/147) (2


Table 4 : OFDM Numerology
*Includes DC sub-carrier which is contains no data

** {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 OFDM symbols and (x2/y2) for n2 OFDM symbols
Note that the FFT size affects the transmission bandwidth whilst the sub-carrier spacing remains constant. 

The basic sub-frame structures are given in Figure . The sub-frame structure consists of data chunks, and out-of-band pilots (OBPs). The data chunk contains data symbols and in-band pilot (IBP) symbols. A data chunk is the minimum time-frequency resource for transmitting information per TTI. 
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Figure 18 : Sub-frame structure
In some deployment scenarios, it may be desirable to avoid the use of OBPs (thus reducing pilot overhead by about 5% - see Table 1). The sub-frame structure for this case is TBD.
The minimum TTI for uplink transmission is equal to the uplink sub-frame duration. As in the case of the downlink, the possibility to concatenate multiple sub-frames into longer uplink TTIs should be considered.

Table 5 summarizes the sub-frame numerology for different transmission bandwidths. The basic data chunk size remains constant for all cases of transmission bandwidth.

	Carrier Bandwidth
	Number of sub-carriers (Occupied)
	Max number of data chunks
	Number of OBPs 
	Data chunk size
	OBP sub-carrier location

Set # 1
	OBP sub-carrier location

Set # 2
	OBP sub-carrier location

Set # 3

	BW
	Nused
	Nchunk
	Nobp
	(Bin,Sym) 
	[kHz]
	[kHz]
	[kHz]

	1.25MHz
	75
	7
	4
	10X7
	-630,-315,15,330
	-330,-15,315,630
	-480,-165,165,480

	2.5MHz
	148
	14
	7
	10X7
	-945,-630,-315,
15,330,645,960
	-960,-645,-330,-15,
315,630,945
	-795,-480,-165,
165,480,795,1110

	5MHz
	295
	28
	14
	10X7
	-2205,…,-630,-315,
15,330,…,1905
	-1905,…,-330,-15,
315,630,…,2205
	-2055,…,-480,-165,
165,480,…,2055

	10MHz
	599
	57
	28
	10X7
	-4410,…,-630,-315,
15,330,…,4110
	-4110,…,-330,-15,
315,630,…,4410
	-4260,…,-480,-165,
165,480,…,4260

	15MHz
	893
	85
	42
	10X7
	-6615,…,-630,-315,
15,330,…,6315
	-6315,…,-330,-15,
315,630,…,6615
	-6465,…,-480,-165,
165,480,…,6465

	20MHz
	1197
	114
	56
	10X7
	-8820,…,-630,-315,
15,330,…,8520
	-8520,…,-330,-15,
315,630,…,8820
	-8670,…,-480,-165,
165,480,…,8670


Table 5 Sub-frame numerology
Figure 19 shows an example of the basic structure of the data chunk. Different IBP locations and overheads may be used for different environments. The data chunk bandwidth is selected to be 150 kHz, corresponding to 10 OFDM sub-carriers. The data chunk duration is equal to the sub-frame duration. 
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Figure 19 : An example for the data chunk format
--- End text proposal ---

Text proposal for Section 9.1.2 Multiplexing including pilot structure 
Two types of pilot symbols should be considered 

1.) In-band pilots (IBPs) – used for coherent data demodulation, e.g. channel estimation. These pilots are transmitted in the part of the bandwidth used for data transmission.

2.) Out-of-band pilots (OBPs) – used for advanced frequency-dependent scheduling and link adaptation. These pilots span a larger bandwidth than the one used for data transmission, though in a more diluted way. 

Note that the IBPs may also be used for frequency-dependant scheduling and link adaptation.

In-Band-Pilot (IBP) Assignment
Each data chunk contains data symbols and pilot symbols. Figure 19 gives an example of a chunk structure including the IBP and data symbols. The exact pilot locations and overhead are FFS.
Out-of-Band Pilot (OBP) Assignment

The OBPs span a larger bandwidth than the one used for data transmission. Table 5 summarizes the exact number of pilot bins and their locations for the different bandwidth deployment scenarios. Each user’s OBPs are time-frequency  multiplexed using orthogonal sequences, avoiding OBP overlap between different users. The specific orthogonal sequences may change from sector to sector and are FFS. 
An example for OBP multiplexing is given in Figure 20, where 14 users are multiplexed over two consecutive sub-frames.  Figure 10 shows 28 users multiplexed over four consecutive sub-frames.
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Figure 20 :  An example for OBP Multiplexing
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Figure 21 :  An example for OBP multiplexing within a sub-frame
--- End text proposal ---

Text proposal for Section 9.2.2 Scheduling

The uplink multiple-access scheme should allow for both scheduled (Node-B controlled) access and contention-based access. 

In the case of scheduled access, the UE is dynamically allocated a certain frequency resource for a certain time (i.e. a time-frequency resource) for uplink data transmission. 

However, some time-frequency resources can be allocated for contention-based access. Within these time-frequency resources, UEs can transmit without being scheduled first. As a minimum, contention-based access should be used for random-access and for request-to-be-scheduled signalling
------------------------------------- End of Text Proposal ----------------------------------
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Figure 10  – Rate 1/2 QPSK, BLER Curve for TU channel, 20% Duty cycle





Figure 11– Rate 4/5 QPSK, BLER Curve for TU channel, 20% Duty cycle





Figure 9 – Rate 4/5 QPSK, BLER Curve for TU channel, 50% Duty cycle





Figure 8– Rate 1/2 QPSK, BLER Curve for TU channel, 50% Duty cycle





 Figure 7– Rate 4/5 QPSK, BLER Curve for TU channel, 100% Duty cycle





Figure 6  – Rate 1/2 QPSK, BLER Curve for TU channel, 100% Duty cycle
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Figure 16  – Rate 1/2 16QAM, BLER Curve for TU channel, 20% Duty cycle





Figure 17– Rate 4/5 16QAM, BLER Curve for TU channel, 20% Duty cycle





Figure 15 – Rate 4/5 16QAM, BLER Curve for TU channel, 50% Duty cycle





Figure 14– Rate 1/2 16QAM, BLER Curve for TU channel, 50% Duty cycle





 Figure 13– Rate 4/5 16QAM, BLER Curve for TU channel, 100% Duty cycle





Figure 12  – Rate 1/2 16QAM, BLER Curve for TU channel, 100% Duty cycle
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