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1. Introduction

Downlink superposition transmission in Rel 13 in [1] is defined as a scheme which allows multiple users to share the same resource elements without spatial separation. RAN1 #81 agreements have introduced following agreements for further clarification: 

· N-Tx eNB supports up to N spatial layers within a cell

· Definition: for generalization, the case when rank-K1 precoder matrix for UE1 is [v1,1, …, v1,K1] and rank-K2 precoder matrix for UE2 is [v2,1, …, v2,K2] and {v1,a1 = v2,b1, … , v1,aK = v2,bK}, where 1 ≤ aj ≤ K1, 1 ≤ bj ≤ K2 and K ≤ min(K1, K2), is considered as using the same spatial precoding vector

· Note:

· Generally, it is an open issue regarding whether or not UE is transparent to some information related to MUST operation

Simulation assumptions for receivers, baseline scheme, and other details were agreed in RAN1 #81 and summarized in [2]. In this contribution, we present our understanding of candidates of superposition transmission schemes and potential problems of MUST operation. 
2. Overview of Superposition Transmission Schemes 
Several key characteristics of MUST schemes are summarized in [3] including: 

· Whether defining a power ratio is needed between near UE and far UE 

· Whether gray mapping is used at composite constellation

· Whether adaptable label bit assignment is used

· Whether superposition is operated in linear symbol domain or in non-linear bit domain

From RAN1 perspective, it seems that there may some categorization issues which may be related to specific signaling design and UE assumption.  In this document we focus on two variants of superposition transmission schemes.
The first category of superposition transmission, NOMA, is the linear superposition coding shown in [4] by transmitting multiple UEs with different power allocations but using same precoding vectors or matrices.  The near-UE receiver performs demodulation of the received signal, decodes far-UE symbol and then cancels the far UE signal from the received signal. Finally, the near-UE receiver performs decoding of own codewords. 
The second variant of superposition coding, SOMA, is superposed constellation obtained by linear superposition which is same as above. Constellation labeling is performed according to a Gray mapping which maps labels with the minimum Hamming distance to constellation symbols with the minimum Euclidean distance. Therefore, superposed signal has the characteristics of Gray constellation via a Gray converter or an XOR operation to the near UE’s signal.
3. Downlink Superposition Transmission Schemes
NOMA and SOMA could be relatively straightforward in concept. However even for those simple concepts, the complexity of MUST schemes has been raised significantly due to different combinations of transmission schemes, modulations, power allocations, UE receivers and also dynamic interference condition. Some potential issues related to MUST schemes are discussed here and need to be studied further. 

Following discussion has assumed that MUST UE pairing is under the same transmission scheme, e.g. TM2+TM2, TM4+TM4 and TM9+TM9 for the sake of explanation. However we still think that mixed superposed transmission schemes under MUST are necessary due to required flexibility of eNB implementation. Otherwise the benefit and use case of downlink MUST are very restricted in a real implementation. 
3.1. Assistance Information for Power Indication 
In MUST, near UE will suffer seriously from far UE because far UE is at cell edge and allocated with a relatively large transmission power. Whether the interference signal caused by far UE could be cancelled perfectly and how much interference could be cancelled are critical for near UE to decode its own data and also for eNB scheduling decisions. To decode far UE’s signal at near UE, the information of allocated transmit power between paired UEs may be needed at near UE depending on MUST schemes and UE capability of processing. Without the power allocation information, it can be difficult to correctly decode the interference signal at near UE, and then impacts near UE to decode own PDSCH data after removing intra-cell interference, especially for NOMA schemes. 
For CRS-based NOMA schemes, a simple solution is to indicate a power offset parameter of  ΔPA from the eNB to the near UE explicitly. For example UE-specific PA could be represented as PA+ΔPA.  Cell-specific parameter like PB is not impacted by MUST operation. For DMRS-based NOMA schemes, different DMRS sequences can be used by near and far UEs overlapped on the same RBs and antenna ports. Therefore in this case the parameter nSCID of both near and far UEs should be indicated to near UE to differentiate UEs’ DMRS sequences. 

Proposal #1: For both CRS-based and DM-RS NOMA schemes, indicating transmit power allocation of paired UE by some assistance information should be studied for superposition transmission.
SOMA schemes have limited candidates of power splitting so that UE implementation may be feasible at the expense of UE complexity and UE blind detection of PDSCH transmission power. Such a power offset parameter may be implicitly determined by the UE, for example QPSK + QPSK with 0.2/0.8 power splitting. Rel 12 NAICS UE can have the capability of blindly detecting the modulation of interference UE (or far UE in MUST) per PRB per TTI. Therefore the UE should be able to blindly detect all possible combinations per codeword to accurately estimate the ratio of power splitting and also own power allocation with some predefined hypotheses or rules.
Observation #1:  UE-based blind detection may be feasible for SOMA schemes to properly estimate power splitting of MUST transmission so that assistance information related to power indication may not be needed for SOMA schemes. 

3.2. HARQ for MUST 

In current LTE system, DL HARQ process retransmissions with different redundancy versions are critical for an efficient decoding procedure before reaching the maximum number of retransmissions when initial transmission fails. However, HARQ process and operation are not fully studied or understood for such a two-stage decoding procedure, for example hard CWIC at the near UE. Near UE with advanced receiver may firstly decode far UE’s signal and then removes it from the received signal and then near UE will decode its own PDSCH data. Any of these two decoding procedures at the near UE could be erroneous and may more or less interrupt or impact the HARQ process of near and/or far UE, for example there may be a priority issue between near and far UEs for retransmission and corresponding PRB/power allocation.

Note that with current specification the network does not know the cancellation capability of UE within dynamic intra-cell interference condition and MUST. So generally speaking the network has to assume perfect interference cancellation at near UE per TTI which seems to be very stringent assumptions for eNB and UE implementation.  
Proposal #2: The HARQ process to support the UE-side interference cancellation should be studied for MUST schemes. 

3.3. Feedback for MUST 
In Rel 12 NAICS, the dominant interference could come from intra or inter site. A NAICS UE can try its best to cancel or suppress the interference blindly and/or using semi-static assistance information from the network. On the other hand the scenarios for Rel 13 downlink superposition transmission focus on intra-cell multiuser transmission. As we discussed above, the cancellation capability of near UE under MUST schemes are largely unknown so far by the eNB. Such ignorance may cause competition of near and far UEs for eNB PRB and power allocation, and a certain disruption of HARQ.  

The information theory behind MUST schemes is to increase frequency or spatial reuse factor by creating more subchannels and “virtually” increase subchannels which do not interfere with each other. Therefore the interference cancellation capability of near UE is the most critical to ensure whole operation successfully.  For example, in case of SOMA scheme with R-ML, any error of demodulation of far UE symbol at near UE may cause serious loss and retransmission of near UE data. 

For MUST operation, a new solution is needed to develop better mutual understanding between the eNB and UE specific capability for interference cancellation/suppression and corresponding channel conditions. 
Proposal #3: The UE interference cancellation capability related to MUST schemes including blind detection and channel condition should be carefully studied. 
Current LTE framework of feedback, for example in TM2, TM4 and TM9, hypothetical SU transmission is assumed at the UE side for deriving and reporting CSI at given transmission mode. UE specific interference suppression capability is considered as UE implementation and embedded within UE CSI reporting.  Since there are multiple candidate receivers for MUST schemes, current feedback hypothesis may need to be studied, for example MUST-type PMI/RI/CQI feedback.  Similar with conventional MU-MIMO which try to minimize inter-UE and inter-layer interference, MUST-type PMI/RI/CQI reporting should target at minimizing the residual interference of far UE and increasing the possibility of MUST UE pairing, for example hypothetical power splitting,  hypothetical MUST with given rank 1 PMI, etc.  
Proposal #4: New MUST-type CSI reporting is needed in order to minimize the risk of performance loss due to dynamic switching among SU, MU and MUST schemes. 
3.4.  MUST Scheme and Layer Mapping

According to the latest agreement of MUST schemes, near and far UEs may collide within single spatial layer but can be orthogonal each other within other layer(s), for example near UE is precoded with [v1, v2] and far UE is precoded with [v1, v3].  Generally speaking, we can assume that transmission rank of near UE is higher than or at least equal to transmission rank of far UE. 

Assuming that near UE is scheduled for rank 3 transmission, for example at TM4 with 4Tx and 4Rx, some points may need to be clarified from the point of MUST operation. 
· Whether near UE can blindly and dynamically detect specific spatial layer where MUST scheme is applied to? Near UE can be paired with up to 3 rank-one far UEs, or a rank-two far UE which may only partially collide with near UE at one spatial layer.  For hard CWIC, near UE needs to detect far UE’s data completely. Therefore decoding of multiple far UEs or multiple MUST pairing hypotheses will greatly increase the UE complexity.  
· How to manage MUST power splitting between layers? For example for near UE with [v1,v2,v3] and far UE with [v3, v4], power splitting will occur at the third spatial layer. Then we have some concerns whether it is feasible for near UE to transmission full power at layer one and two, but only 10% power at layer 3 since codeword 2 for near UE is mapped into both spatial layer 2 and layer 3. Moreover for CRS based transmission schemes, above example also have a certainty similarity with TM5 MU-MIMO since two UEs are orthogonal each other except for layer 3.  Therefore some rules may be predefined for power splitting between UEs similar with TM5. 
· How to manage modulation and layer mapping at the eNB?  For example for near UE with [v1,v2, v3] and far UE with [v3, v4], codeword 2 is mapped to layer 2 and 3 with specific MCS. Then the code rate of codeword 2 of near UE need to take into account different effective channel condition for layer 2 and layer 3. Such a kind of determination with MUST is quite complicated for eNB scheduling decision because of variable power splitting/allocation per codeword per PRB per layer per UE. 
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Figure 1 Codeword and Layer mapping for MUST schemes

Proposal #5: If MUST schemes can be applied to multilayer transmission at near UE, some clarification or restriction at specification may be needed for MUST pairing and layer mapping. 

4. Conclusions

In this contribution we have reviewed superposition transmission schemes and discussed downlink superposition transmission.   We have following proposals:

Proposal #1: For both CRS-based and DM-RS NOMA schemes, indicating transmit power allocation of UE pairing by some assistance information should be studied for superposition transmission.
Observation #1:  UE-based blind detection may be feasible for SOMA schemes to properly estimate power splitting of MUST transmission so that assistance information related to power indication may not be needed for SOMA schemes. 

Proposal #2: The HARQ process to support the UE-side interference cancellation should be studied for MUST schemes. 

 Proposal #3: The UE interference cancellation capability related to MUST schemes including certain blind detection functionality and channel condition should be carefully studied. 
Proposal #4: New MUST-type CSI reporting is needed in order to minimize the risk of performance loss due to dynamic switching among SU, MU and MUST schemes. 
Proposal #5: If MUST schemes can be applied to multilayer transmission at near UE, some clarification or restriction at specification may be needed for MUST pairing and layer mapping. 
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