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1 Introduction
In this document, aspects need to be concerned on uplink multiple access design for UTRAN LTE are suggested.   
2 Key factors for uplink MA design
UTRAN LTE aims to develop a framework for the evolution of the 3GPP radio-access technology towards a high-data-rate, low-latency and packet-optimized radio-access technology. The uplink requirements defined in [1] at the latest LTE meeting are listed here: 
1. Peak data rate

The system should support a peak data rate of 2.5b/s/Hz on the uplink (with the reference UE configuration comprising 1 transmit antenna with support for 16-QAM). This means a peak data rate of 50Mb/s on the uplink within a 20MHz bandwidth.
2. Cell edge bit rate

User throughput at the 5 % point of the C.D.F., 2 to 4 times Release 6 HSUPA deployed with 1 Tx and Rx diversity.
3. Spectrum efficiency

In a loaded network, spectrum efficiency (bits/sec/Hz/site), 2 to 3 times Release 6 HSUPA with receive diversity. This should be achievable using a maximum of 1 Tx and 2 Rx antennas.
Under the same frequency bandwidth and frequency allocation, the main influential factors for spectrum efficiency are intra-cell interference and inter-cell interference. These factors are common for uplink MA and downlink MA. However, in uplink, intra-cell multiple access interference is more serious than that in downlink, which is introduced by independent fading of different users. Uplink multiple access can be designed at the transmitter end to be orthogonal between users and to be robust enough against the unfavorable wireless circumstances. Otherwise, complex interference-cancellation techniques or multi-user detection techniques should be used at the receiver end.
Other aspects should be considered especially for uplink multiple access schemes. The important one is peak to average ratio (PAR) due to the cost of terminal’s power amplifier. 
On the other hand, multiple access schemes may consume some resources to resist multi-path delay propagation or Doppler shift. Such resources are overheads to system capacity, e.g. CP in the OFDM mode. Pilot resources are also some kind of overheads. Because pilot power and resources are more limited in uplink for each user, a good uplink MA should have small pilot overhead and high pilot efficiency.  
What’s more, in order to support packet-based services in uplink, the implementation of uplink link adaptation should also be considered, e.g. time-shared channels, adaptive resource allocation, etc.  

Therefore, for uplink multiple access designing, the key points are supposed to be:

· Inter-cell multi-access interference

· intra-cell multi-access interference 
· PAR
· system overhead
· link adaptation 

3 Uplink candidate schemes

Now several candidate uplink schemes (IFDMA, OFDMA, CDMA, MC-CDMA) are compared according to the key points listed in section 2. 
· Inter-cell multi-access interference

MC-CDMA can deal well with inter-cell interference as CDMA under frequency reuse factor one condition. OFDMA can also realize frequency reuse by frequency hopping, while IFDMA is hard to do so.
· intra-cell multi-access interference 
If with synchronization, OFDMA and IFDMA have less intra-cell interference. As for MC-CDMA, it should be combined with other multiple access schemes to implement user multiplexing and deal with intra-cell interference, e.g. with FDMA or/and TDMA. User code multiplexing in uplink MC-CDMA is not suitable. 

· PAR

IFDMA have constant envelope and low PAR. For OFDMA, usually only a few sub-carriers are occupied for each user in uplink, PAR may not be a big problem. MC-CDMA PAR should be considered.  
· system overhead

OFDMA, MC-CDMA, and IFDMA will consume more resources to maintain synchronization and conquer multi-path propagation, for example adding cyclic prefix.

· link adaptation 

Link adaptation techniques, such as time-shared channels, adaptive resource allocation, etc. should be considered for all MAs.
It is seen that each of above uplink MAs has their own pros and cons, so assistant techniques can be used to compensate the weakness.  
4 Conclusion

 The following factors should be considered for uplink MA design: inter-cell interference, intra-cell interference, PAR, system overhead, and link adaptation.  
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