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1. Introduction

At the last RAN1 #82 meeting, the Multi-User Superposition Transmission (MUST) schemes that are provided by many companies were classified into three categories for capturing them in the TR and further evaluation purpose, as summarized below.
Agreement:

· Multiuser superposition transmission schemes can be categorized as follows

· MUST Category 1: Superposition transmission with adaptive power ratio on component constellations and non-Gray-mapped composite constellation

· R1-153044 (MediaTek), R1-153798 (Huawei), R1-153985 (Intel), R1-154282 (LGE), R1-154535 (NTT DoCoMo), R1-154701 (Xinwei)

· MUST Category 2: Superposition transmission with adaptive power ratio on component constellations and Gray-mapped composite constellation

· R1-153798 (Huawei), R1-154055 (ZTE), R1-154184 (Samsung), R1-154282 (LGE), R1-154454 (MediaTek), R1-154535 (NTT DoCoMo)

· MUST Category 3: Superposition transmission with label-bit assignment on composite constellation and Gray-mapped composite constellation

· R1-153798 (Huawei), R1-153891 (Qualcomm), R1-154656 (Nokia)

According to the above classifications, the TP of the MUST schemes as well as receiver types were agreed in [1]. Based on the agreed categorization, in this contribution, we describe the views on the potential enhancement for the MUST schemes, focusing on the downlink control signaling and CSI reporting.

2. Potential Enhancement for MUST
In order to support MUST schemes, the scheduler at the eNodeB side needs to be updated for the MUST. For example, UE pairing, transmission power allocation and dynamic switching between MUST and non-MUST (existing orthogonal multiplexing) would need to be updated. These changes in the eNodeB scheduler are also impacted by the UE receiver assumption. In our view, the scheduling flexibility shouldn’t be impaired by introducing MUST schemes compared to the existing LTE system, e.g., frequency selective scheduling should be enabled and resource allocation between the paired UEs is not aligned. Below, we mainly assume the R-ML (or symbol level IC) which retains such a scheduling flexibility as much as possible. 

On the other hand, we consider the following restrictions on UE pairing would be beneficial to reduce UE complexity without significant performance loss.
· Assumption 1: Pair a near UE with a far UE which applies QPSK modulation

· The near UE can assume that QPSK modulation is always applied to far UE when interference cancellation is performed. The reason behind this assumption is that the link-level performance is expected to be degraded when the far UE applies 16QAM/64QAM. With this restriction, the MCS indication of the far UE to the near UE is not necessary. Furthermore, non-orthogonal multiplexing with the legacy UE with QPSK modulation would be also possible. 
· Assumption 2: Apply wideband transmission power allocation to paired users 
· There is the case where a UE is paired with different UEs on different RBs (e.g., UE1 assigned with RB#1 and RB#2 is paired with UE2 on RB#1 while it is also paired with UE3 on RB#2). Wideband transmission power allocation is performed such that UE1 with transmission power of 0.2 is paired with UE2 and UE3 with a transmission power of 0.8 for all the allocated RBs. This simplifies the dynamic signaling of the transmission power information if such a dynamic singling is necessary.
In our system-level evaluation shown in [2], the above two assumptions were already taken into account.
Observation 1: Limiting the modulation scheme for the far UE to QPSK modulation would be beneficial to reduce the UE complexity and dynamic singling.
2.1
DL Control Signaling
For the far UE, no or less additional information would be expected to support MUST schemes. If the far UE with 16QAM and 64QAM is allowed to be multiplexed, the UE needs to obtain the information of transmission power for the CRS-based transmission scheme. Otherwise, no additional signaling for the far UE is expected at least for MUST Categories 1 and 2.

For the near UE, the NW assistant information would need to be provided to perform the interference cancellation. The required information would be dependent on the receiver type such as symbol level IC/R-ML and CWIC. 

· Transmission power information (MUST Categories 1 and 2)
· For MUST Categories 1 and 2, transmission power information would be essential to perform interference cancellation such as R-ML. The transmission power allocation for the MUST UEs would be dynamically varying per subframe, and thus dynamic transmission power indication is desired. There are two methods for the UE to obtain the transmission power information, i.e., blind detection and dynamic signaling via the DCI. The feasibility of blind detection should be first investigated. For the DM-RS-based TMs, the blind detection would be straightforward since the power information would be included in the UE-specific DM-RS. On the other hand, CRS-based transmission schemes, blind detection of power information may be challenging since the CRS is shared between the paired UEs. Therefore, dynamic signaling via DCI may be required at least for CRS-based transmission schemes. Another aspect is the number of power values (or power ratios) to be supported. In our view, four power values would be sufficient to obtain the gains from the MUST schemes. This transmission power information would also help the UE judge whether it is far UE or near UE.
· Rank information/PMI (All MUST Categories)

· For all MUST Categories, rank information for the far UEs would be required to perform interference cancellation. For the different PRBs, the paired (far) UE may be different and the corresponding rank becomes also different. In order for the near UE to obtain rank information of the paired UE, the blind detection is considered. We consider it to be feasible taking into account the fact that it was already supported for Rel-12 NAICS. In addition, we could consider some restrictions on UE pairing. For example, the near UE is paired with only the far UE which applies the same or lower rank transmission. In other words, rank 1 for the near UE and rank 2 for the far UE is not allowed. With this restriction and the same precoder assumption, blind detection of rank information and possibly PMI infomation becomes simpler.
· Modulation scheme (All MUST Categories)
· As we discussed above, if the UE pairing is allowed for the far UE with QPSK modulation, there is no need for signaling and blind detection. If supporting 16QAM and/or 64QAM for the far UE exhibits performance gains, the feasibility of blind detection as well as necessity of dynamic signaling should be further investigated.

From the discussion above, the following observations could be made.

Observation 2: Dynamic signaling of transmission power values or ratios would be beneficial for the CRS-based transmission schemes. Four sets of transmission power values or ratios would be good candidate considering a trade-off between performance gains and control signaling overhead.
2.2
CSI Enhancement
As shown in [2], reporting multiple PMIs along with corresponding CSI from UEs would be beneficial to increase the probability of the UEs with the same precoder being paired and to improve the throughput performance. In this method, UEs report not only the best PMI/CQI, but also the other (k-1) PMIs in the codebook and corresponding CQI, where k is the total number of reported PMIs. The knowledge of multiple PMIs and corresponding CQI would provide necessary information for eNB to find UE pairs, thus increasing the pairing probability.
Observation 3: Multiple PMI/CSI reportings are beneficial to improve the throughput performance.

3. Conclusion
In this contribution, we described the potential enhancement for the MUST schemes, focusing on the downlink control signaling and CSI reporting. We made the following observations and propose to capture them in the TR.
Observation 1: Limiting the modulation scheme for the far UE to QPSK modulation would be beneficial to reduce the UE complexity and dynamic signaling.
Observation 2: Dynamic signaling of transmission power values or ratios would be beneficial for the CRS-based transmission schemes. Four sets of transmission power values or ratios would be good candidate considering a trade-off between performance gains and control signaling overhead.
Observation 3: Multiple PMI/CSI reportings are beneficial to improve the throughput performance.
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