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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 analyze the impact of CSI impairment to the system performance and investigate the potential problems in MUST schemes.
2. Discussion
For simple description, we take a two-layer MUST transmission for instance, i.e. one layer for a LTE enhanced UE supporting MUST (as near UE) and the other layer for a normally operating UE, not necessarily aware MUST, (as far UE). In MUST schemes, the far UE and the near UE are 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 truth 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 obtain 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, as discussed in the companion document [2]. With this information available, the interference can be cancelled precisely. On one hand, 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. This is just the rationale behind the MUST technology. On other hand, under the assumption of the same precoder for both UEs, and typical channel models, the difference in azimuth angle of a candidate UE pair for MUST transmission should be as small as possible. Otherwise, no matter how the eNB tunes its beam, at least one of the both UE’s will suffer reduced beamforming gain. For example, if the eNB steers its transmission beam towards one UE, then the other UE will suffer reduced beamforming gain.
Based on the analysis above, we know that a UE pair favoring MUST should meet two requirements: remarkably different path loss and close resemblance in azimuth. In this sense, UE pairing and scheduling at the eNB is decisive to the final system performance of a MUST scheme. Therefore, the eNB should schedule and select favorable UE pairs satisfying the two requirements above as candidates. Accordingly, UE’s should report their CSI’s to facilitate their serving eNB making the scheduling decisions.
Regarding the path loss requirement, the eNB can compute the path loss difference of each pair of UE’s according to their reported CQI’s. Because the CQI gap desired is much greater than the CQI quantization error, it is not necessary to improve the precision of the CQI quantization, and current strategy for CQI quantization can be followed.
For the azimuth requirement, unfortunately, the opposite is true. The paired UE’s should have very similar, ideally the same azimuths. Considering the fact that each UE reports its CSI independently and cannot know about its potential paired UE’s, the difference in azimuth angle can only be derived by the eNB based on the per-UE feedback. In the current mechanism, reported PMI is approximate an azimuthal indicator of a UE. Although the eNB can roughly understand the azimuth of each UE by its PMI feedback, PMI is not precise enough. In other words, even if two UE’s report the same PMI, the difference in azimuth angle could still be very large, since the PMI quantization error of the both UE’s will effectively be combined. Moreover, the combination can be constructive or destructive. Due to the lack of any information relating to the combination, the eNB is blind to it. Statistically speaking, the MUST scheme suffers doubled PMI quantization impairment. Consequently, compared to non-MUST schemes, MUST schemes may be more sensitive to PMI quantization error.
Observations
1. As azimuthal indicator for MUST schemes, the existing PMI feedback is not precise enough.
2. Compared to non-MUST schemes, MUST schemes may be more sensitive to PMI quantization error.

Figure 1 has illustrated this case. UE1 and UE2 reports the same PMI, PMIi. Their CDI’s, CDI1 and CDI2, represent their realistic azimuths.  and  are used to describe the PMI quantization errors of the both UE’s, respectively. From the figure, we can clearly see that the effective in-between azimuthal gap of the UE pair is . Even if each PMI quantization error, i.e.  or , is tolerable, this is not necessarily the case for the combined version, i.e. . Undoubtedly, a large difference in azimuth angle will potentially lead to poor UE pairing and consequent performance loss. It will be better for the eNB to be able to rule out this kind of unfavorable pairing in the scheduling stage. To this end, we propose to further enhance the current CSI feedback policy, e.g. using a larger codebook for PMI quantization or introducing additional CSI feedback.
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Figure 1: Unfavorable UE pairing for MUST co-transmission.
Proposal
Further enhancement for CSI feedback policy should be considered, e.g. using larger codebook for PMI quantization or introducing additional CSI feedback.
3. Conclusion
In this document, we consider the impact of CSI impairment on the system performance and investigate the potential problems in MUST schemes. Based on the discussion above, we have following observations and proposals.
Observations
1. As azimuthal indicator for MUST schemes, the existing PMI feedback is not precise enough.
2. Compared to non-MUST schemes, MUST schemes may be more sensitive to PMI quantization error.
Proposal
Further enhancement for CSI feedback policy should be considered, e.g. using larger codebook for PMI quantization or introducing additional CSI feedback.
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