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Introduction

Some of evolved UTRAN performance requirements have been agreed in the last LTE meeting in Tokyo[1] . OFDM is a candidate for the radio access scheme for downlink, which has the potential to meet the performance requirements. This document discusses user multiplexing methods for OFDM based radio access and inter-cell interference mitigation schemes in order to meet the required peak data rate and cell edge data rate.

Proposal for multiplexing method

We propose to adopt OFDM based radio access for downlink. In our opinion OFDM based radio access would meet the performance requirements agreed in last LTE evolution meeting, especially with respect to the peak data rate and the cell edge date rate. OFDM based radio access shows the following benefits: 

- Mitigation of multi‑path interference by e.g. insertion of Guard interval (cyclic prefix) [2]  

- Easier reception of multi stream signals of MIMO transmission compared to pure CDMA based methods in which multi-paths are received as individual signals and interfere with each other  

- High Spectral efficiency due to overlapping spectra of the multiple subcarriers
- Better scalability of the channel bandwidths compared to CDMA based radio access

A significant improvement of the peak data rate is expected thanks to these benefits especially for multi-level modulation schemes. 

For OFDM based radio access, user multiplexing can be done in frequency, time and code domain. According to the following discussion, frequency multiplexing and time multiplexing would be preferable in order to meet the requirement for significant improvement of the peak data rate because these multiplexing methods maintain orthogonality. The discussion on how different traffic channels belonging to the same user are multiplexed would be also necessary.

Frequency multiplexing 

Transmission signals for the users are multiplexed on OFDM subcarriers or a subcarrier groups. Orthogonality among the user signals is maintained because subcarriers are orthogonal to each other. Note that the subcarrier separation should be chosen such that the loss of orthogonality due to phase noise is avoided. 

Time multiplexing

Transmission signals for the users are multiplexed on OFDM symbols or timeslots as in HSDPA. Orthogonality among the user signals is maintained. Note that the length of a timeslot should be carefully chosen taking into account the required latency, the Doppler frequency and the overhead of physical layer signaling for each channel. 

Code multiplexing

Transmission signals for the users are spread by spreading codes and multiplexed in code domain. Both frequency domain spreading and time domain spreading is possible. The data rate for the users (or channels) can be easily controlled by changing spreading factors. However, the orthogonality among the user signals would be destroyed due to high Doppler and frequency selective fading. 

Inter-cell interference mitigation methods

In order to meet the cell edge data rate requirement, inter-cell interference mitigation techniques are necessary. The SIR at 5 % of the C.D.F. shown in the LTE requirement document [1] would be at around -5dB [3] 
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[4] .  A SIR of around -1 dB would be necessary to achieve sufficiently low packet error rate under the assumption of QPSK, R=1/3 turbo coding, and AWGN according to figure 50 in [2] . Therefore, at least 4 dB improvement would be necessary. Although some improvement could be obtained by the receiver side, we think such a improvement requires the consideration of the transmitter side.

The following are candidates for inter-cell interference mitigation techniques on the transmitter side. 

- Repetition [5]  (spreading without code multiplexing) 
      Transmission symbols are repeated N times within a TTI. Therefore, the SIR could be improved thanks to combining repeated symbols. For example, 4 times repetition achieves 6dB gain in SIR in case of no fading. In addition, frequency and time diversity could be utilized. Note that because turbo coding gain would be greater than repetition gain, repetition would be useful especially in case that further gain to turbo coding with minimum coding rate (i.e. 1/3 in case of R99 turbo coding) would be necessary.
- Frequency hopping 

      Transmission symbols are allocated on subcarriers, which are hopping per OFDM symbols. Frequency hopping can be realized by time-frequency interleaving (see e.g. [2]). Frequency diversity could be obtained. Interference diversity would also be obtained, i.e. the UE would not continuously receive strong inter-cell interference. However, the variance of interference would be large, and therefore may degrade turbo decoding performance. 

The combination of these techniques would be beneficial to achieve SIR gain and diversity in frequency, time and interference domain. 

Conclusions
We propose OFDM for the multiplexing method in LTE. Frequency multiplexing, time multiplexing and code multiplexing in OFDM are discussed, where the combination of frequency and time multiplexing is seen as the preferred solution. As for interference mitigation methods to achieve an improved cell edge data rate, repetition and frequency hopping are proposed. 
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