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1
Introduction

In the previous 3GPP TSG RAN Meeting #71 a MUST WID [1] has been approved. According to the WID, a MUST UE receiver is assumed to be capable to cancel or suppress intra-cell interference between co-scheduled MUST users for the following cases:

CASE-1: Superposed PDSCHs are transmitted using the same transmission scheme and the same spatial precoding vector 
CASE-2: Superposed PDSCHs are transmitted using the same transmit diversity scheme.

CASE-3: Superposed PDSCHs are transmitted using the same transmission scheme, but their spatial precoding vectors are different. 

Furthermore, the WID has down-selected CASE-1 and CASE-2 schemes with 2Tx to Category 2 only, i.e. same beam operation with Gray labelled super-constellation and RML receiver. In this paper we discuss additional reduction of Category 2 MUST, and we analyse the impact on required network assistance.
2 
Category 2 MUST operation
Outcome of study item [3] defines Category 2 MUST as a scheme which jointly maps coded bits of two or more UEs to component constellations which are superposed with adaptive power ratio. The assignment of label bits to UEs is done on the composite constellation which also exhibits Gray mapping property. Figure 1 and Figure 2 describe Category 2a MUST and Category 2b MUST with closed-loop transmission scheme (CASE-1), however similar figures can be constructed as well for rank-2 large delay CDD (CASE-1) and transmit diversity (CASE-2). With Category 2a, signals are superposed in symbol domain, while in Category 2b symbols are superposed in bit domain. Irrespective of implementation, the superposition outcome can be described by: 

1)  power ratio and far and near UE constellations or 
2)  definition of super-constellation, where powers and constellations are defined jointly.
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Figure 1 Category 2a with closed-loop transmission scheme
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Figure 2 Category 2b with closed-loop transmission scheme

During the study item, it has been observed that given the far and near UE constellations a limited number of power ratios is sufficient. In addition, if more power ratios are needed, each constellation combination has its preferred set. Therefore, it would be better to agree on the set of super-constellations rather than on the set of supported power ratios.  

Proposal 1: Define a set of super-constellations used by eNB to superpose near and far UE.
The size of super-constellation set as well as its content should be as small as possible, i.e. at most 8. In addition, following design criteria for the set should be considered:

1) the non-uniform constellations should be supported in addition to the uniform constellations. The non-uniform constellations should be non-overlapping to preserve Gray mapping benefits.
2) far UE should be restricted only to QPSK. With this restriction, the far UE MUST related signalling would not be needed at all, and near-UE signalling or blind detection complexity would be minimized.
3) number of power ratios for a single constellation combination should be kept low. This minimizes the BD complexity.
In our previous contribution [2] we have shown that restriction of far UE into QPSK is effecting the MUST gain only slightly. However in this restricted case, more than one power ratio per modulation combination is beneficial. Further simplification could be achieved by restricting far UE only into rank1 operation.
Proposal 2: Restrict the far UE into QPSK only.

Proposal 3: Number of power ratios for a single far and near UE modulation-order combination should be small.

Proposal 4: Non-uniform constellations should be supported in addition to uniform constellations. 
3 
Network assistance for MUST
In this section we try to perform an analysis of the MUST Category 2 scheme in the light of the potential network assistance summarized in section 5.3.1. of [3] for RML receiver. As most of the parameters involved in this discussion are same/similar as in NAICS, in our view the NAICS technology is baseline operation when it comes to parameter detection. 
	
	Potential network assistance 
	Discussion

	1
	· Existence/processing of MUST interference (per spatial layer if same beam restriction is applied)
	Similar as in NAICS, assuming that near-UE is allocated with constant power, interference presence can be blindly detected per PRB and no network assistance is necessary; RAN4 endorsed operation. A near-UE needs to decide only between two hypotheses, PDSCH transmitted with full power or with near-UE power, If far UE overlaps fully with the near UE, same allocation may be assumed. 

	2
	· Modulation order of MUST paired UE 
	Modulation order is possible to be blindly detected per PRB, RAN4 endorsed operation. A UE may perform detection of super-constellation given its own modulation order. If far UE is restricted to QPSK, the near UE BD hypothesis will be reduced to BD of power offset only.   

	3
	· 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) 
	Applies only to CRS modes and DMRS modes with Option 2 of the point 6 of this table. Several power offsets are used per modulation combination between far UE and near UE. For simplicity in this discussion we assume QPSK is used in the Far UE. We can assume that four power offsets are defined for far UE QPSK combinations with QPSK/16QAM/64QAM used in the near UE. As the near UE knows its modulation order, it also knows the set of power offset hypothesis used in the far UE. The power offset may be also included implicitly in blind detection of super-constellation in point number 2 of this table.

	4
	· Resource allocation of MUST paired UE 
	
This entry is not needed, because a UE is capable of interference presence BD per RB, as discussed in point 1.

	5
	· 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) 
	This entry is not needed.   

In CFI misalignment the options are: 1. Near UE PDSCH allocation is larger than the far UE PDSCH allocation, in this case the near UE PDSCH collides with PDCCH symbols of the far UE. 2. Near UE PDSCH allocation is smaller than the far UE PDSCH allocation, in this case the near UE PDSCH collides with PDCSH symbols of the far UE. Hence the conservative CFI assumption of NAICS certainly one of the first options to consider. Other RE mapping indication do not seem needed especially that the near UE PDSCH is rate matched around CSI-RS or CRS for example as signals originate from serving cell. 

	6
	· 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)
	Option 1: 1 DMRS for both, full power. Near UE and Far UE need PDSCH power signalling.

Option 2: 1 DMRS for both, follows far UE power. Near UEs estimates the power delta from DMRS to common PDSCH power (unity), this assumes same allocation PRB wise. Option Option 3: 2 ports DMRS, each following its own power level, no signalling needed but poor channel estimation or near UE. 

A good choice seems option 2 which provides the smallest specification impact.  In addition, operation is transparent to the legacy far-UE.

	7
	· Transmission scheme of MUST paired  UE (if mixed transmission schemes, e.g. transmit diversity and closed-loop spatial multiplexing)
	According to WID, the CASE-1 and CASE-2 are superposed with the same transmission scheme. This assistance is not needed.

	8
	· Precoding vector(s) of MUST paired UE 
	 According to WID, with CASE-1 the paired UE uses the same PMI as served UE. This assistance is not needed.


Most of the blind detection assumed in our analysis is RAN4 endorsed in interference conditions which are worse than what is experienced in MUST at near UE. However, if there are doubts on blind detection operation by RAN1, RAN4 should investigate why this recommendations are not valid in MUST anymore. 
Proposal 5: RAN4 should consider the blind detection of the following parameters: interference presence, modulation order plus power offset or super-constellation.
4
Conclusions

In this contribution we have been presenting views with respect to the Category 2 superposed transmission. The following observations can be summarized while also in Table 1 all the conclusions are mapped per MUST scheme.
Proposal 1: Define a set of super-constellations used by eNB to superpose near and far UE.
Proposal 2: Restrict the far UE into QPSK only.

Proposal 3: Number of power ratios for a single far and near UE modulation-order combination should be small.

Proposal 4: Non-uniform constellations should be supported in addition to uniform constellations. 
Proposal 5: RAN4 should consider the blind detection of the following parameters: interference presence, modulation order plus power offset or super-constellation.
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