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Introduction
This contribution describes the structure of an OFDMA-based uplink, including basic OFDM parameters, pilot multiplexing and control channel multiplexing. Link-level simulation results are shown for different MCS’s and different terminations. We propose to use this structure to carry out system-level evaluations of the OFDMA based E-UTRA uplink. 
Numerology
Basic OFDM Parameters and TTI Duration. 
The basic OFDM parameters we use in our simulations, consisting of the sampling frequency, FFT size and sub-frame structure, is the one described in [1]. For convenience, these parameters are reproduced in Table 1. We use a one sub-frame TTI, i.e., 0.5ms, in these simulations.
Table 1 Basic OFDM Parameters

	Carrier frequency
	1.9 GHz

	Sampling frequency
	7.68 MHz

	OFDM sub-carriers
	512

	Carrier spacing
	15 kHz

	Number of usable subcarriers
	301

	OFDM symbol duration
	68 ( s

	TTI duration
	7 OFDM symbols ( 0.50 ms


Interlacing Structure
The OFDMA uplink we simulate uses HARQ with a maximum of 6 transmissions. We use 6 HARQ processes in our simulations, i.e., the retransmission interval is given by 6 TTIs or 3ms. 
Further details of the retransmission structure are shown in Figure 1. Note that we only show the transmission of a single HARQ process in this figure, which should then be replicated for all interlaces. (Thus, assignments, data, as well as ACKs can be transmitted in every TTI.) In the figure, the first TTI shown (arbitrarily numbered 0) carries an assignment for uplink transmission. Assignments for uplink transmission are sent by the Node-B on the downlink, and are used for resource allocation as well as rate assignment. This assignment is valid for data transmission in TTI 2, thus providing one TTI to decode the assignment. A three TTI interval is then provided to the Node-B in order to decode the data transmission, following which the ACK, and possibly a new assignment, is transmitted in TTI 6. The packet is retransmitted (assume receipt of a NACK) in TTI 8, thus achieving a 6 TTI retransmission time. 
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Figure 1 Uplink retransmission structure
Data channel structure
We simulate a frequency-hopping OFDMA system, in which the Node-B assigns resources to the UEs in units of hop-ports. A hop-port is a logical unit equivalent in size to a sub-carrier. The set of hop-ports is mapped via a permutation to the set of sub-carriers. On the uplink, this permutation changes every TTI. Moreover, the set of hop-ports is divided into blocks of 16 hop-ports. Each block of 16 hop-ports is mapped to a set of set of 16 sub-carriers that are contiguous in frequency. Moreover, the resources assigned by the Node-B are in multiples of 16 hop-ports, so that the assignment for each UE consists of multiple contiguous blocks of 16 sub-carriers. Each contiguous block of 16 subcarriers contains some pilots which can be used to estimate the channel within that block. The number 16 is chosen to be large enough to provide good channel estimation performance with a reasonable overhead, while still providing sufficient assignment granularity, as well as diversity for large assignments. 
Rate Control and Power Control
The OFDMA uplink we simulate uses synchronous, non-adaptive HARQ.  The assignments transmitted by the Node-B specify the set of hop-ports to be used by the UE. The same set of hop-ports are used by the UE for all the HARQ retransmissions, and the interval between two HARQ transmissions is fixed at 6 TTIs. Moreover, the MCS to be used by the UE is specified by Node-B as part of the assignment message. The MCS specifies the rate to be used at the first transmission as well as the modulation formats to be used for all the transmissions. The MCS cannot be varied autonomously by the UE, and hence we do not assign resources to a separate uplink control channel which carries the details of UE transmission.

Power control is carried out using a semi-autonomous algorithm that uses information about the interference seen by neighboring sectors, as described in [2]. An important feature of this algorithm is that it allows UEs close to the Node-B to be received at higher power-spectral densities than UEs that are at the cell-edge, since these UEs (the ones close to the Node-B) cause minimal interference to other cells. 

Pilot Structure 
As mentioned previously, each block of 16 contiguous sub-carriers, also referred to as a “tile”, contains a set of pilot symbols. The number of pilot symbols is a trade-off between channel estimation performance and pilot overhead, and is chosen so as to optimize system throughput. The location of pilot symbols is chosen to optimize channel estimation performance for a given overhead. The pilot structure within a tile is shown in Figure 2. 
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Figure 2 Location of pilot symbols within a contiguous time-frequency block
As can be seen, the pilots are grouped into multiple “islands”, which consist of a set of pilot symbols placed very close to each other. The purpose of these islands is to allow for pilot orthogonalization for uplink SDMA.  In uplink SDMA, different UEs are scheduled on the same bandwidth, and are then separated using spatial techniques (i.e., using multiple receive antennas) at the Node-B. More details on uplink SDMA will be provided in the next WG1 meeting.
Another feature of the pilot design is that we provide multiple looks at the channel in time (i.e., there are two pilot islands within the hop at the same sub-carrier), thus providing good performance at high speeds. 
Control channel structure 
The uplink structure has resources reserved for various control channels that are transmitted on the uplink. These channels include some contention based channels, including an access channel for getting onto the system, a request channel for requesting resources from the Node-B for uplink data transmissions, and a CQI channel for reporting forward link channel quality to the Node-B. Moreover, there is an acknowledgement channel that is used for transmitting ACKs and NACKs for forward link data transmission. This channel is transmitted using dedicated resources. Further discussion on the structure and multiplexing of these channels are provided in [3]. 
MCS types
We use 7 different MCS types for uplink transmission, as shown in Table 2. These MCS’s are specified in terms of their spectral efficiency at the first transmission and the modulation format to be used at each transmission. Note that the modulation format can potentially change from transmission to transmission. The modulation format to be used is chosen so as to optimize the link-level performance at that transmission, conditioned on the modulation formats picked for the previous transmissions. QPSK, 8PSK and 16QAM modulations are used for the OFDMA uplink, and these correspond to modulation orders of 2, 3 and 4 respectively in Table 2.
The spectral efficiencies of the different MCSs are picked so as to provide a sufficiently small granularity, while providing a range suitable for the different SNRs seen in uplink transmissions. Note that the higher MCS’s have code rates higher than 1 at the first transmission (and sometimes at the second as well), and are hence not decodable at that point. The reason for choosing these MCS’s is so that we can target later HARQ terminations even while targeting very high spectral efficiencies, thus reducing the HARQ granularity for these spectral efficiencies. This increases the system throughput, at the cost of higher processing requirements. 

A base rate 1/5 turbo code is used for the uplink simulations. Regular puncturing patterns are used to construct codes of higher rates, while repetition is used to construct codes of lower rates. The systematic bits are transmitted first, followed by the parity bits corresponding to a rate 1/3 turbo code, followed by the remaining parity bits. Systematic bits are retransmitted only after all the parity bits are transmitted. Thus, there is no flexibility allowed in redundancy versions.

Table 2 Table of Different MCS Types

	MCS index
	Spectral efficiency on 1st transmission
	Modulation order for each transmission

	
	
	1
	2
	3
	4
	5
	6

	0
	1.0
	2
	2
	2
	2
	2
	2

	1
	1.5
	3
	2
	2
	2
	2
	2

	2
	2.0
	3
	3
	2
	2
	2
	2

	3
	2.67
	4
	4
	3
	3
	3
	3

	4
	4.0
	4
	4
	3
	3
	3
	3

	5
	6.0
	4
	4
	4
	3
	3
	3

	6
	8.0
	4
	4
	4
	4
	4
	3


Link level results
We provide link-level simulation results using the GSM Typical Urban channel model as specified in [1]. Realistic channel estimation is used in these simulations. The results are shown in terms of the packet error rate as a function of the effective SNR seen by the packet. The effective SNR is the parameter used to interface between the link-level simulation and the system-level simulation, and is described in the appendix. Simulations were carried out with 2 as well as 4 receive antennas at the Node-B, for speeds of 3and 30km/hr, and for different data assignment sizes; this will be used for future system simulation. The plots shown in this section are for the case of two receive antennas, a speed of 3km/hr and for an assignment size of 128 subcarriers.  
[image: image3.png]Packet Error Rate

10

10

CLgkorotordt

Tt transmission
st transmission, perfect pilot
2nd transmission

2nd transmission, perfect pilot
3rd transmission

3rd transmission, perfect pilot
4th transmission

4th transmission, perfect pilot
5th transmission

5th transmission, perfect pilot
6th transmission

6th transmission, perfect pilot

-10

-4
Effective SNR in dB.





Figure 3 Performance of MCS 0 with different terminations (128 data subcarriers, 2 receive antennas)
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Figure 4 Performance of MCS 1 with different terminations (128 data subcarriers, 2 receive antennas)
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Figure 5 Performance of MCS 2 with different terminations (128 data subcarriers, 2 receive antennas)
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Figure 6 Performance of MCS 3 with different terminations (128 data subcarriers, 2 receive antennas)
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Figure 7 Performance of MCS 4 with different terminations (128 data subcarriers, 2 receive antennas)
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Figure 8 Performance of MCS 5 with different terminations (128 data subcarriers, 2 receive antennas)
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Figure 9 Performance of MCS 6 with different terminations (128 data subcarriers, 2 receive antennas)
Conclusion

In this document, we have described the structure of an OFDMA-based E-UTRA uplink evaluation. We will present system simulation results using this structure in the next WG1 meeting.
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Appendix: Link-to-system mapping for OFDMA uplink

In this section, we describe the mapping which we will be using to interface between the link and system level simulations for the OFDMA based E-UTRA uplink evaluation. In an OFDMA system, the different modulation symbols see different channel and interference conditions. We define an “effective SNR” for each coded packet, that we find accurately predicts whether this packet is going to be in error or not.  The effective SNR is defined as 
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where SNRi, hi and Ni denote respectively the SNR, the channel gain and the interference variance seen by the i’th modulation symbol in the packet, and C(.) denotes the constrained-capacity function corresponding to the modulation format being used for transmitting this packet. In the case where a single MCS consists of multiple modulation formats (eg, the first transmission is 16QAM and the second transmission is 8PSK), the capacity function C(.) inside the summation can be replaced by the capacity function Ci(.), which is the constrained-capacity function corresponding to the modulation format being used for the i’th modulation symbol in the packet. The inverse capacity function C-1(.) can use an arbitrary modulation format, so long as it is consistent between the link and system level simulations. We use the modulation format of the first transmission for this purpose.

The effective SNR satisfies the property that turbo-code performance on two different channels with the same effective SNR is almost identical, when imperfections such as channel estimation are ignored. Another way of saying this is that the curve showing the packet error rate as a function of effective SNR is the same across different channel models. This makes it an ideal metric for interfacing between link and system simulations, since we are not sensitive to modeling errors (eg different channel models, different distributions of the interference power, or even different channel realizations) between the link and system sims. Figure 10 and Figure 11 show effective SNR curves for different MCS’s, showing that the curves are insensitive to the exact channel model being used.

When estimation errors are taken into account, the packet error rate vs effective SNR curve does depend on the channel model, since the channel estimation performance for different channel models is different. However, even here the sensitivity to channel model is reduced, eg channels with similar delay spreads have similar effective SNR curves. In our simulations, we use a different effective SNR curve for each channel model, for each packet size and for different numbers of receive antennas. In the system-level simulation, we compute the effective SNR metric for each packet, use it to look up the packet error rate in the appropriate link-level curve, and then generate a random variable with this error rate to determine if the packet is in error.  

This mapping has the advantage that it is takes all the link-imperfections into account, including channel estimation effects and performance variations due to different block sizes etc. It can be used for any MCS set, including the case when a single MCS uses multiple modulation formats. Moreover, it does not rely on any “fudge-factors” that need to be calibrated between link and system-level simulations. 
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Figure 10 Effective SNR Curves for MCS 0 for different transmissions and for different channel models
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Figure 11 Effective SNR Curves for MCS 3 for different transmissions and for different channel models
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