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1. Introduction

In RAN#67, the study item on downlink multiuser superposition transmission (MUST) for LTE was approved [1]. This SI aims to investigate the potential gain of schemes enabling the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial layer separation (i.e. using the same spatial precoding vector or the same transmit diversity scheme over the same REs).
In this document, we discuss the CSI enhancement related issues and investigate the relationship between MUST and MU-MIMO schemes.

2. Discussion

For a simple description, we take a two-layer MUST transmission for instance throughout the document, i.e. one layer for a LTE enhanced UE supporting MUST (as a near UE) and the other layer for a normally operating UE, not necessarily aware MUST (as a far UE). In MUST schemes, the far UE and the near UE are assumed to be paired for co-transmission using the same precoder over the same frequency spectrum simultaneously. For the sake of signal separation and detection at the UE’s, the signal of the far UE is allocated with much more power than that of the near UE. In this case, due to the differentiated power allocation, the data intended for the near UE, i.e. the interference suffered by the far UE is very weak and tolerable. Therefore, despite the interference, the far UE can still detect its own data successfully. However, this is not the case for the near UE. In the presence of the strong interference, i.e. the data intended for the far UE, the near UE has to first detect and cancel the interference before obtaining its own data. Generally speaking, with the aid of the eNB, the near UE can understand the necessary configurations and parameters of the transmission to the far UE. With this information available, the interference can be cancelled precisely. Thus, thanks to the smaller propagation attenuation, even though less power is allocated to it, the near UE is still able to detect its own data. In this sense, MUST is essentially a manner of multiplexing multiple UE’s in power domain.

On one hand, as is realized by many companies, the restriction to “same precoder” limits the utilization of the MUST scheme, and consequently leads to limited or even marginal performance gain over the non-MUST cases. In order to improve the probability of MUST transmission, [2]

 REF _Ref430177772 \r \h 
[3] proposed to make each UE report multiple PMI. Taking two PMI feedback for each UE for instance, Figure 1 has illustrated the possible cases. In the single PMI feedback case, only the UE pairs sharing the best PMI have opportunity to perform MUST transmission, see Figure 1(a) and (c). While in the multiple PMI case, so long as they have a shared PMI, irrespective of the number, they could choose MUST for transmission, e.g. all the cases illustrated in Figure 1. In fact, multiple PMI feedback relaxes the restriction of “same precoder”. And the relaxed constraint is bound to provide more MUST candidate UE pairs. Therefore, it can be expected that the performance gain of MUST over non-MUST will increase. In this sense, an enhanced CSI reporting strategy is beneficial to the performance of MUST scheme and should be considered.

Proposal#1: An enhanced CSI reporting strategy is beneficial to the performance of MUST scheme and should be considered.
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Figure 1. Two PMI feedback for each UE.
On other hand, given a pair of UE’s, if the azimuthal angle between them is large, it means at least to some extent the both UE’s can be separated in spatial domain. Besides MUST, supporting MU-MIMO transmission is also a good option. For LTE enhanced UE’s, which support both MU-MIMO and MUST, dynamic switching between both transmission schemes is indispensable and deserves further study and investigation. After all, both schemes are so similar.

In essence, both MUST and MU-MIMO are multiplexing schemes. For MUST schemes, multiple data layers intended for multiple UE’s are multiplexed in power domain and undistinguishable in spatial domain. While for MU-MIMO, the multiple data layers of multiple UE’s are multiplexed in spatial domain. Additionally, from the perspective of difference in azimuthal angle, MUST and MU-MIMO have different preferences. The former prefers a smaller angle, while the latter favors a larger one. In larger difference in angle case, for the MUST scheme, no matter how the eNB tunes its beam, at least one of the two UE’s will suffer reduced beamforming gain. But for MU-MIMO, larger a difference in angle means excellent separation in the spatial domain and consequently less multiuser interference (MUI). In a smaller difference in angle case, the MUST scheme enjoys less reduction in beamforing gain, while MU-MIMO suffers more serious MUI. Therefore, dynamic switching between MU-MIMO and MUST is very necessary. The difference in azimuthal angle of a UE pair could be considered as one of the deciding factors.

Proposal#2: Dynamic switching between MU-MIMO and MUST schemes should be considered, and the difference in azimuthal angle of a UE pair could be considered as one of the deciding factors.

3. Conclusion

In this document, we discussed the CSI enhancement related issues and investigate the relationship between MUST and MU-MIMO schemes. Based on the discussion above, we have following proposals.

Proposal#1: An enhanced CSI reporting strategy is beneficial to the performance of MUST scheme and should be considered.
Proposal#2: Dynamic switching between MU-MIMO and MUST schemes should be considered, and the difference in azimuthal angle of a UE pair could be considered as one of the deciding factors.
References

[1] RP-150496, New SI Proposal: Study on Downlink Multiuser Superposition Transmission for LTE, MediaTek Inc.
[2] R1-154536, System-level evaluation results for downlink multiuser superposition schemes, NTT DOCOMO.

[3] R1-154657, System-level evaluation of MUST, Nokia Networks.
 1

_1504702898.unknown

_1504702902.vsd
eNB



_1504702904.unknown

_1504702905.unknown

_1504702906.unknown

_1504702903.vsd
eNB



_1504702900.unknown

_1504702901.vsd
eNB



_1504702899.unknown

_1504702896.vsd
eNB



_1504702897.unknown

_1504702895.vsd
eNB



