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1. Introduction
In this contribution, we provide our views on potential enhancements of LTE to support the multiuser superposition transmission (MUST) scheme. Our discussion is on the issues of (a) network assistance information to enable interference cancellation at MUST-near user, (b) impact of EVM on the throughput of MUST-near user, (c) complexity analysis for eNB and UE to support MUST, and (d) potential specification changes.
2. Parameters in Assistance Information
In RAN1#82bis, the following agreements (in italic type) regarding MUST assistance information were reached [1]. 
Agreement: (Note that this information can be updated at the next meeting)
· The following should be considered as potential PDSCH assistance information for MUST Category 1, 2, and 3 UE. 

· For MUST Category 1, 2, and 3
· (R-)ML/SLIC (available receiver type for far UE or near UE)

· Existence/processing of MUST interference (per spatial layer if same beam restriction is applied)
· Modulation order of MUST paired UE 

· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH (per spatial layer if different power can be allocated to each spatial layer) 

· Resource allocation of MUST paired UE 

· PDSCH RE mapping information of MUST paired UE (if it is different from its own PDSCH RE mapping information, e.g. PDSCH starting symbol or PDSCH RE mapping at DMRS RE) 

· DMRS information of MUST paired UE (if DMRS information is used to estimate effective channel of MUST paired UE or to derive power allocation of MUST paired UE)
· Transmission scheme of MUST paired  UE (if mixed transmission schemes, e.g. transmit diversity and closed-loop spatial multiplexing)
· Precoding vector(s) of MUST paired UE 
· CWIC (available receiver type for near UE)

· The above potential assistance information for ML receiver
· TBS of MUST paired UE

· HARQ information of MUST paired UE 

· LBRM (Limited Buffer Rate Matching) assumption of MUST paired UE 

· Parameters for descrambling and CRC checking for the PDSCH of the MUST paired user

· MMSE-IRC (available receiver type for far UE)

· Transmission power allocation of its PDSCH and MUST paired UE’s PDSCH
· Additionally, the followings should be considered potential assistance information for Category 3.
· For MMSE IRC, SLIC, (R-)ML, and CWIC
· Modulation order of composite constellation
· Bit allocation information of composite constellation

Agreed text for TR:

Methods which may be considered for obtaining assistance information are: blind detection, signalling (higher layer signaling or dynamic signaling), tied to the UE’s scheduling information, or tied to specific UE assumptions (e.g. UE assumes aligned resource allocation)
In the agreement, the assistance information about bit allocation of composite constellation is only needed for MUST category 3. However, this information is also required for MUST category 2. An example of transmitter side processing of MUST category 2 is illustrated in Figure 1 [2]. It is known that Gray codes are not uniquely defined, because a permutation of such a code is a Gray code too. Therefore, the Gray mapping employed by the transmitter shall be known to the UE.
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Figure 1:  An example of transmitter side processing of MUST category 2
Proposal 1: Bit allocation information of composite constellation should be included into assistance information of MUST category 2.
3. Enhancement of EVM Requirement 
In the contribution [3], the impact of EVM on MUST-near user throughput is evaluated. The following observations can be drawn from the evaluation results.
· For QPSK+QPSK, EVM (Tx, Rx) = (8%, 4%) does not degrade throughput of MUST-near user.
· For 16QAM+QPSK, MUST-near user throughput degradation due to EVM (Tx, Rx) = (8%, 4%) occurs when a large portion of power is allocated to the MUST-far user, e.g., 87.5%. But the performance degradation is not obvious.

· When the number of constellation points in the composite constellation is larger than 64, EVM (Tx, Rx) = (8%, 4%) introduces obvious performance degradation especially when using ML receiver for MUST category 1. The degradation is less significant when using ML receiver for MUST category 2.
It is observed from our system-level simulation results that the probability of 64QAM+QPSK and 16QAM+16QAM being used are 12.2% and 17.6%, respectively, at EVM (Tx, Rx) = (0%, 0%). Therefore, an enhancement of the EVM requirement is expected to improve the MUST system-level throughput gain. 
Proposal 2: Study the EVM requirement for MUST in Work Item phase.
4. UE/eNB Complexity Analysis
4.1. eNB Complexity

The complexity at the eNB comes mostly from the scheduling algorithm, which includes the choice of co-scheduled UEs, power allocation, precoding matrix selection, and so on. 
Multiuser Proportional Fairness. Proportional fair (PF) scheduling is a simple algorithm to meet fairness among users while at the same time exploiting the multiuser diversity gain. When MUST is utilized, we need to consider the multiuser version of the PF. For the multiuser PF scheduling, the scheduled UE set Jopt is obtained by
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where K is the set of candidate UEs to be scheduled, and Rk|J(m) is the data rate of the k-th UE at time instant m when selecting J as the scheduled UE set, and Tk(m) is updated by
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with tc a parameter controlling the latency time-scale of the scheduler. 

Selection of Precoding Matrix, Co-scheduled UEs, and Power Allocation. Based on UE CSI feedbacks, the eNB decides the co-scheduled UEs set, the precoders, and the power splitting factors among paired MUST UEs. Here we use a very simple greedy strategy as an example of the MUST scheduling algorithm. Suppose the scheduler adds one spatial beam at a time, as long as the additional beam increases the scheduling metric such as the multiuser PF. 

Suppose S is a set composed of some precoders in the codebook. Let C(S) denote the multiuser PF metric when precoders in the set S are selected for transmission. The precoder selection algorithm is given as follows. 
Initialize S = emptySet, C(S) = 0.

While |S| ≤ B do
1. 
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The multiuser PF metric C(S) of the set S is given as 
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where C(p) is the multiuser PF metric on the beam corresponding to the precoder p. To compute C(p), UEs whose PMI equal to p are collected in the set K of (2), and the optimal co-scheduled UEs set Jopt is obtained accordingly. If MUST is utilized in the beam corresponding to the precoder p, the determination of Rk|J(m) should take into account the effect of interference cancellation at the near-user receiver. Meanwhile, an algorithm which decides the power allocation among the users in the set J is needed.
Multiuser Superposition Transmission Scheme. Another complexity at the eNB is due to the scheme enabling the simultaneous transmission of more than one superposed data layers for co-scheduled users using the same spatial precoder or the same transmit diversity. Three key characteristics are identified in Table 5.1-1 of [2] for candidate MUST schemes. Based on the listed characteristics, the candidate MUST schemes can be categorized into three categories. 
MUST category 1 has independent mapping of coded bits of co-scheduled UEs to component constellation symbols which are superposed with adaptive power ratio. The complexity is the least among the three categories. MUST category 2, as shown in Figure 1, has joint mapping of coded bits of co-scheduled UEs to component constellations which are superposed with adaptive power ratio. The composite constellation has Gray mapping. The assignment of label bits to UEs is done on the composite constellation. In MUST category 3, the coded bits in the codewords of co-scheduled UEs are directly superposed onto the symbols of a composite constellation. For both MUST categories 2 and 3, extra complexity relative to legacy eNB results from the assignment of label bits per constellation point of the composite constellation to UEs.
4.2. UE Complexity
To support the MUST scheme, the complexity at the UE side comes from demodulation, blind detection of un-signaled parameters, the handling of a singular channel matrix, new DCI format, and the potential CSI feedback enhancement.

Demodulation. As discussed above, three categories for signal modulation have been proposed in the Study Item phase. Among the three categories, MUST category 3 has the lowest demodulation complexity. The constellation maps of this category reuse those already supported in the current system. The extra complexity required is simply picking the correct label bits for the user. MUST category 2 has the highest demodulation complexity. The constellation maps are new, and demodulation cannot be accomplished by direct successive interference cancellation, i.e., a) demodulate MUST-far user’s symbol ( b) subtract modulated symbol from the received signal ( c) demodulate MUST-near user’s symbol. The bit allocation of constellation points at step c) depends on the demodulated symbol at step a). 
Blind Detection. To save the time-frequency resource overhead consumed by the assistance information, some parameters can be blindly detected at the UE side. UE blind detection is also needed for the NAICS receiver. The difference between the blind detection at NAICS and MUST are given below.

· Complexity of blind detection at MUST is lower than in NAICS. In NAICS, the target of blind detection is the signal(s) transmitted from neighboring cells. CRS-IC/DMRS-IC (cancelling the CRS/DMRS from the serving cell) is generally necessary to yield a satisfactory blind detection performance. Moreover, synchronization (time, frequency, sampling clock) to other cells by CRS tracking is needed for NAICS.  
· Much higher success rate of blind detection is required in MUST than in NAICS. For MUST, generally speaking, if the MUST-near user cannot detect the parameters correctly, it fails to detect/decode its own signal. For NAICS, inter-cell IC is considered as a throughput enhancement scheme. The receiver is robust in maintaining the MMSE-IRC receiver performance even if the channel condition is not advantageous for blind detection or IC. 
Handling of Singular Cannel Matrix. When the same precoder p is used for the MUST-near and MUST-far users, the received signal y of the MUST-near user is given as
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where H represents the channel between the eNB and the UE, x1 and x2 are the symbols intended for the MUST-far and MUST-near users, respectively,  is the power split factor for the MUST-far user, n is the contribution of the noise and interference, and g = Hp. It is seen the channel matrix is singular, which may lead to some problem if a QR decomposition is directly applied for the implementation of an R-ML receiver. 
New DCI Format. To send assistance information to MUST users, it is expected a new DCI format will need to be specified. It is anticipated the new DCI format does not increase UE’s complexity in DCI blind detection. 
Enhanced CSI Feedback. UE complexity is increased if enhanced CSI feedback is specified.
5. Specification Changes
Potential RAN1 specification changes due to MUST scheme include
· Modulation scheme(s) enabling simultaneous transmission of more than one superposed data layers for co-scheduled users using the same spatial precoder or the same transmit diversity;

· Mechanisms to enable MUST operation, which includes configuring a UE to operate in the MUST scheme and the method to provide assistance information to a UE;
· 
UE CSI feedback enhancement to assist eNB making scheduling decisions, including users pairing, precoder selection and power allocation. 
6. Conclusion
In this contribution, our views on potential enhancements of LTE to support the MUST scheme were presented. Our discussion was on the issues of network assistance information to enable interference cancellation at MUST-near user, impact of EVM on the throughput of MUST-near user, complexity analysis for eNB and UE to support MUST, and potential specification changes. Based on the discussion, we had the following proposals:
Proposal 1: Bit allocation information of composite constellation should be included into assistance information of MUST category 2.
Proposal 2: Study the EVM requirement for the cases with the number of constellation points in the composite constellation larger than 64 for MUST in Work Item phase.
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