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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, from a specification perspective, we give our analysis and investigation on some signaling related issues for MUST schemes.
2. Discussion

For a MUST scheme, it is possible to keep operation transparent to the far UE, since it reports CSI and detects its own data based on the received signals as usual, and nothing is different from its legacy behavior. Due to the differentiated power allocation, the data intended for the near UE is very weak at the far UE. Therefore, despite the interference, the far UE can still detect its own data successfully. In this sense, the procedure and behavior of the far UE involved is fully backward-compatible. However, this is not the case for the near UE, since it has to first detect and cancel the interference, i.e. the data intended for the far UE, before obtaining its own data. For this reason, new UE behavior for the near UE is inevitable. What is more, in order to facilitate the near UE detecting the data intended for the far UE, the eNB must signal the necessary configurations of the far UE to the near UE. In other words, new signaling over Uu interface is also indispensable.

To be precise, the parameters of the far UE that need to be signaled over Uu interface depend on at least the transmission mode used (CRS-based or DM-RS-based) and the receiver adopted at the near UE (capable of symbol-level or codeword-level interference cancellation). Generally speaking, the signaled parameters should be one of, or a combination of MCS, RNTI, power offset. Additionally, some special cases should also be taken into account, e.g. semi-persistent scheduling, subframe configuration for TDD, CoMP, and (low-cost) MTC. For these special cases, by making full use of the specific feature(s), specific signaling can be considered for the purpose of optimization and high efficiency.

Proposal#1: For special cases such as semi-persistent scheduling, subframe configuration for TDD, CoMP, and (low-cost) MTC, by making full use of the specific feature(s), specific signaling can be considered for the purpose of optimization and high efficiency.

Without loss of generality, we take MTC for instance as a special case. It is envisaged that MTC UE’s will be deployed in huge numbers, large enough to create an eco-system of its own. For (low-cost) MTC UE’s, the biggest challenge lies in achieving coverage enhancement. To this end, a variety of techniques are used, in which repetition is proposed as an effective solution by repeating the same or different RV multiple times. Taking PDSCH for example, the average number of transmission repetitions to an MTC UE may be up to 100~200 for FDD and 200~300 for TDD [2]. Therefore, in the presence of a huge number of MTC UE's, this special case, MUST transmission over a MTC UE will be a very common scenario. 

For simple description, we take a two-layer MUST transmission for instance, i.e. one layer for a LTE normal UE (as near UE) and the other layer for a MTC UE (as far UE). In fact, during the repetition period of a MTC UE, a certain number of near UE's are scheduled and paired with it for MUST transmission. However, during so long a period, e.g. as long as 200 TTI's, each near UE is scheduled and paired with the MTC UE for MUST transmission many times. According to the general signaling above, for a near UE, every time it is paired with the MTC UE, eNB has to signal the necessary parameters of the MTC UE to the near UE, and accordingly the near UE has to detect the interference for cancellation, i.e. the data intended for the MTC UE, before the detection of its own data. Note that in each repetition period of a MTC UE, its symbols transmitted are exactly the same. Namely, its configurations and interference symbols, which are needed by the near UE, keep invariant. Therefore, in all the occasions of a near UE pairing with a MTC UE during its repetition period, the general-signaling-based MUST scheme suffers 1) repeated signaling over Uu interface from the eNB to the near UE; and 2) repeated interference detection at the near UE.
Observation#1: In all the occasions of a near UE pairing with a MTC UE during its repetition period, the general-signaling-based MUST scheme suffers 1) repeated signaling over Uu interface from the eNB to the near UE; and 2) repeated interference detection at the near UE.
Clearly, neither the repeated signaling over the air interface nor the repeated interference detection at the near UE is necessary. In order to save the limited but valuable resource over the air interface, and to simplify the processing and behavior of a near UE, by making full use of the MTC-specific feature, repetition, the eNB can signal the repetition related information of the MTC UE to the near UE in only the first but not every pairing occasion. With this information available, in the subsequent TTI’s pairing with this MTC UE before its repetition period terminates, once the interference detection is successful, the detected interference can be directly used for interference cancellation, i.e. the interference detection can be skipped and avoided. Undoubtedly, this interference-detection-free strategy is bound to remarkably reduce the complexity and processing of the near UE. Moreover, in the interference detection, soft combining across multiple TTI’s pairing with the MTC UE can be optionally adopted by the near UE. In this way, both the reliability of the interference detection and the precision of the subsequent interference cancellation can be significantly improved. With the precise interference cancellation, the system performance of the near UE could also be improved accordingly.

Proposal#2: By making full use of the MTC-specific feature, repetition, the eNB can signal the repetition related information of the MTC UE to the near UE in only the first but not every pairing occasion.
Proposal#3: In the interference detection, soft combining across multiple TTI’s pairing with the MTC UE can be adopted by the near UE.

3. Performance Evaluation

In this section, the performance benefit in respect of the reliability in the interference detection at the near UE is quantitatively evaluated, with the pairwise error probability (PEP) as the performance metric, i.e. 
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, the probability that 
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 is transmitted at the transmitter but 
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 is detected at the receiver, where 
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 are two different constellation symbols.
According to the knowledge of digital communication, the PEP can be written as
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where 
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 is the Euclidian distance between 
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; 
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 is the average SINR in each TTI; 
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. Similarly, the PEP with soft combining across 
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 TTI’s can be derived as
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Obviously, the reliability of the interference detection can be significantly improved, and soft combining across more TTI’s can bring about larger improvement. Taking QPSK for instance, Figure 1 has illustrated the performance benefit of PEP with different numbers of TTI’s over which soft combining is performed.
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Figure 1. PEP performance with soft combining across different number of TTI’s.

On other hand, as mentioned above, once the interference detection is successful, the near UE can avoid the detection in the subsequent TTI’s pairing with the MTC UE before its repetition period terminates. Without loss of generality, we assume there are totally 
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 TTI’s (usually discontinuous due to scheduling) for a near UE to pair with a MTC UE for superposed transmission. The repetition period of the MTC UE is of course larger than 
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. If the near UE performs soft combining over the first 
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 TTI’s (
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), the UE can avoid the interference detection in the remaining 
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 TTI’s pairing with the MTC UE. Statistically, the average TTI number needed for soft combining can be obtained by
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Again taking QPSK for example, the relationship between the average TTI number needed for successful interference detection and SINR is illustrated in Figure 2. From the figure, we can clearly see that even at a very low SINR, e.g. up to -20 dB, only 3 TTI’s are required for successful interference detection. From the 4th TTI pairing with the MTC UE on, the near UE can avoid the interference detection but perform interference cancellation and detection of its own data directly.
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Figure 2. Average TTI number needed for soft combining.

Observation#2: Soft combining can remarkably improve the reliability of the interference detection.
Observation#3: Only a few TTI’s are needed for soft combining in the interference detection. Therefore, the processing of the near UE can be significantly simplified.
4. Conclusion

In this document, from a specification perspective, we share our viewpoint on the new SI, multiuser superposition transmission. Taking MTC for instance, we propose that the scenarios for MUST should cover special scenarios. Based on the discussion above, we have following observations and proposals.

Observation#1: In all the occasions of a near UE pairing with a MTC UE during its repetition period, the general-signaling-based MUST scheme suffers 1) repeated signaling over Uu interface from the eNB to the near UE; and 2) repeated interference detection at the near UE.
Observation#2: Soft combining can remarkably improve the reliability of the interference detection.
Observation#3: Only a few TTI’s are needed for soft combining in the interference detection. Therefore, the processing of the near UE can be significantly simplified.
Proposal#1: For special cases such as semi-persistent scheduling, subframe configuration for TDD, CoMP, and (low-cost) MTC, by making full use of the specific feature(s), specific signaling can be considered for the purpose of optimization and high efficiency.
Proposal#2: By making full use of the MTC-specific feature, repetition, the eNB signals the repetition related information of the MTC UE to the near UE in only the first but not every pairing occasion.
Proposal#3: In the interference detection, soft combining across multiple TTI’s pairing with the MTC UE can be adopted by the near UE.
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