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1. Introduction

In the E-UTRA uplink, single-user MIMO and multi-user MIMO are supported [1]. On the other hand, in the RAN1#44bis meeting, the multiplexing method for uplink orthogonal reference signals among simultaneous accessing UEs was extensively discussed. However, the merits of the distributed frequency division multiplexing (FDM) and orthogonal code division multiplexing (CDM) using cyclic-shift of a CAZAC (constant amplitude zero auto-correlation) sequence were not fully clarified at the meeting. Therefore, we presented the merit of orthogonal CDM in that orthogonal CDM can generate larger number of reference signal sequences than distributed FDM and the combination of distributed FDM and orthogonal CDM is a promising method to generate orthogonal reference signal in a general case with single-antenna transmission in [2]. In this paper, we compare the multiplexing methods for orthogonal reference signals between distributed FDM and orthogonal CDM for MIMO transmission in E-UTRA uplink.

2. Comparison between FDM and CDM for Multiplexing Orthogonal Reference Signals for MIMO
2.1. Assumptions on Transmission Bandwidth for Uplink MIMO

We assume that the transmission bandwidths of data channels spatially multiplexed by using either single-user MIMO or multi-user MIMO should be the same as shown in Fig. 1. This assumption is reasonable since if the transmission bandwidths of spatially multiplexed data channels are different, the signal detection at Node-B will be complicated especially when interference cancellation is employed. Furthermore, in this case, the number of control signaling bits for radio resource assignment will be increased.

With this assumption, both distributed FDM and orthogonal CDM using cyclic-shift of a CAZAC sequence can achieve mutual orthogonality among multiple reference signals.
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Figure 1 – Bandwidth of multiple streams in uplink single-user MIMO and multi-user MIMO

(Note: this figure is for illustrative purposes only and does not mean that single-user MIMO and multi-user MIMO is simultaneously supported)

2.2. Single-user MIMO

In the single-user MIMO case, the transmission timings among multiple orthogonal reference signals from different antennas of the same UE are perfectly aligned. Furthermore, the required number of orthogonal reference signals is small in single-user MIMO considering the limited number of transmitter antennas at the UE (basically two, but up to four can be accommodated). In addition, the main application area of single-user MIMO is small delay spread environments.

Therefore, the limited number of orthogonal reference signals decided by the destruction of orthogonality due to the difference in the received timing among multiple reference signals and a large delay spread does not become distinct problem in orthogonal CDM.

On the other hand, as explained in [2], orthogonal CDM can increase the number of reference signal sequences (CAZAC sequences) compared to distributed FDM. Furthermore, CDM has a larger randomization effect of inter-cell interference than distributed FDM. 
Accordingly, in single-user MIMO, orthogonal CDM is a more promising multiplexing method for the uplink orthogonal reference signals compared to distributed FDM.

2.3. Multi-user MIMO

In the multi-user MIMO case, the transmission timings among multiple orthogonal reference signals from different UEs are not perfectly aligned. Furthermore, the required number of orthogonal reference signals can be greater than that for single-user MIMO, since it depends on the number of available receiver antennas at Node-B. In addition, multi-user MIMO may be used even in large delay spread environments in order to increase the capacity.

Therefore, when orthogonal CDM is employed, the destruction of orthogonality due to the difference in the received timing among multiple reference signals and a large delay spread may degrade the channel estimation accuracy in multi-user MIMO. 

On the other hand, the merits of orthogonal CDM compared to distributed FDM, i.e., an increased number of CAZAC sequences and a larger randomization effect of inter-cell interference, are also valid in the multi-user MIMO case.
Furthermore, when spatial domain multiplexing through multi-user MIMO is used by the Node-B scheduler, it is desirable that UE does not notice whether multi-user MIMO is used or not. This is because UE does not have to change the reference signal configuration according to the use of multi-user MIMO. From this point of view, orthogonal CDM is desirable since the same reference signal configuration (localized transmission with the same CAZAC sequence and cyclic-shift) is used for the UE who has established radio link before new UE connects radio link using multi-user MIMO. Meanwhile, when distributed FDM is used, the reference signal configuration is changed from localized transmission to distributed transmission according to the use of multi-user MIMO.

Therefore, although we have a slight preference for orthogonal CDM for multi-user MIMO considering the number of CAZAC sequences, distributed FDM is an alternative candidate. Further investigation especially on the performance is necessary.

3. Conclusion

In this paper, we discussed a multiplexing method for uplink orthogonal reference signals for the case employing MIMO. Our preference is as follows.

· For single-user MIMO, orthogonal CDM should be used.

· For multi-user MIMO, we have a slight preference for orthogonal CDM considering the greater number of CAZAC sequences compared to distributed FDM. However, distributed FDM is an alternative candidate. Further investigation especially on the performance is necessary.
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