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1 Introduction

At Athens meeting (#44bis) the basic downlink MIMO transmission schemes of E-UTRA were discussed. According to [1] MIMO mode switching between the single-stream transmit diversity mode(s) and spatial multiplexing mode based on the number of receive antennas and the channel condition should be considered. In San Diego meeting Nortel presented the system level simulation results which shows that the adaptive MIMO based OFDMA DL provides the best sector throughput and coverage performance [2]. 
The similar transmission mode adaptation concept can also be applied to uplink. It is indicated in the latest version of TR 25.814 and TR 25.912 [3-4] that the baseline antennas configuration for UL single-user MIMO is two transmit antennas at UE and two receiver antennas at the Cell site. Both the transmit diversity scheme and Multi-userMIMO should be considered in SC-FDMA uplink. It is also suggested that UE with one RF chain and two transmit antennas should be considered. To allow for Multi-user MIMO reception at the Node B, allocation of the same time and frequency resource to two UEs, each of which transmitting on a single antenna, is supported as part of the uplink baseline configuration. In this proposal, we propose an uplink transmission mode adaptation scheme such that the coverage can be improved by transmit diversity and receive diversity and the system capacity can be enhanced by spatial multiplexing.
2 Uplink adaptive transmission
The following transmission modes are supported by E-UTRA uplink: 
1. Receiver diversity (1x2)

2. Transmit diversity (2x2)

3. Spatial multiplexing which can be single UE SM or multi-UE SM.

To optimize the system performance, including the peak date rate, the coverage and the overall throughput, the transmission mode adaptation should be applied.
The transmission mode could be selected by Node-B scheduler based on:

1. The number of transmit antenna at UE

2. The number of receiver antenna  at cell site
3. Effective CQI; 
4. Traffic type;
5. UE available Tx power;

4. Total UL traffic load in the system.
Orthogonal scheduling scheme proposed in [5] can be used by Node-B to select antenna pair for SM mode. It should be mentioned that the antennas in each antenna pair can come from different UEs.

Figure 1 gives some examples of the transmission modes. More MIMO modes can be supported when the receive antenna number at cell site increases from 2 to 4.
[image: image1.emf]UL V

-

MIMO

UL non- MIMO


(a)
[image: image2.emf]UL V

-

MIMO

Tx

Diversity or  SM


(b)

Figure 1 Example of uplink transmission modes

3 Reference signal 
The orthogonal reference signals are required to support MIMO transmissions, for example, transmit diversity, single-UE SM and multi-UE SM. For the 2 transmit antennas case, two mutually orthogonal reference signal patterns are required and each antenna uses one of them. Antenna pattern indicator is required to allow UE pair in Multi-userMIMO mode to use mutually orthogonal reference signal pattern.
Figure 2 shows the example of orthogonal reference signal patterns. 
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(b) With UL sounding signal

(c) Figure 2 Examples of UL reference signal arrangement

4 Adaptive procedure
An example of the UL transmission mode adaptation procedure is described as below:

1. UE sends the bandwidth request to Node-B.
2. UE reports buffer status, traffic type, available transmit power, transmit antenna capability to Node-B through UL control signaling.

3. Node-B measures the CQI, or effective CQI containing channel matrix condition if UL channel information can be obtained, for example, from UE dedicated pilot channel or sounding channel.
4. Node-B schedules uplink data transmission with different transmission modes:

a. For UE with poor channel condition (for example below certain predetermined threshold) and for delay sensitive traffic, transmit diversity or receive diversity transmission mode is selected based on UE transmit antenna compatibility.

b. For SM mode Node-B selects two antennas to create a virtual antenna pair for each sub-channel assigned for the higher rank transmission. The antennas in each antenna pair can be from the same UE or from the different UEs. If Node-B knows UL channel information, orthogonal scheduling method can be applied.
5. Node-B signals reference signal pattern index and or transmission mode together with other downlink transmission allocation signaling. Additional singling bits are required as the transmission mode indicator and pilot pattern indicator: 
a. For single RF chain UE one extra bit is used as the reference signal pattern indicator and another extra bit is used as antenna indicator if antenna selection is applied.  
b. For dual RF chains UE one extra bits are used as transmission mode indicator (diversity vs. SM) and another extra bit is used as reference signal pattern indicator if virtual SM is applied.
5 Conclusion
Similar to downlink, adaptive transmission in uplink optimizes the system performance regarding to the sector throughput and the coverage. We recommend adopting the adaptive transmission concept in E-UTRA uplink.
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