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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, WID has stated that for all three Cases, using up to 4 Tx CRS-based or up to 8 Tx DMRS-based transmission schemes, identify and, if needed, specify necessary enhancements for MUST operation. Since the additional reduction of Category 2 MUST and the corresponding impact of reduction on required network assistance are discussed in [2], we will focus on the discussion of the transmit structure and corresponding specification impact of MUST operation in CASE-3.
2 
Multi-user Superposition of CASE-3 MUST operation
Since CASE-3 of MUST WID defines that the paired MUST UEs use the same transmission scheme, but different spatial precoding vectors, and given that up to 4 Tx CRS-based or up to 8 Tx DMRS-based transmission schemes should be considered, the multi-user superposition structures in CASE-3 could be illustrated by examples Figure 1 and Figure 2, respectively, where a near UE could be paired with 
1)  A far UE with the same rank or the same number of spatial layers as the near UE 
2)  One or multiple far UEs with lower rank or less spatial layers than the near UE.
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Figure 1 Pairing of near UE and far UE with the same Tx or rank but different spatial precoder
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Figure 2 Pairing of near UE with one or multiple far UEs with less Tx or rank
Although, the near UE could blind detect the characteristics of interfering layer(s), there might be still situations where blind detection would not be feasible. For example, with 4Tx transmission schemes operating on CRS: 

1) The amount of PMI hypothesis might be too large and CB subset would need to be configured/signalled to the near UE.  

2) When superposing two rank-2 LD-CDD far UEs with one rank-4 LD-CDD near UE, near UE would require BD of cycling PMIs without knowing the far-UE cycling starting point.            

Proposal 1: An additional signalling to the near UE may be required in some cases to help determine and detect the characteristics of one or multiple far UEs’ signal.
3 
Network assistance for MUST Case 3
In this section we try to perform an analysis of the CASE-3 MUST in the light of the potential network assistance summarized in section 5.3.1. of [3] for RML receiver. Many conclusions are similar to those in [2] for CASE-1 and CASE-2, however for completeness we discuss all of them. 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.

	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 transmission schemes. 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. 

	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. However, it might be possibly needed for superposition of LD-CDD with different rank.  

	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)
	Separate port for each layer is required. The existence of interfering port can be blindly detected at the near 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-3 is superposed with the same transmission scheme. This assistance is not needed.

	8
	· Precoding vector(s) of MUST paired UE 
	Paired spatial precoding vector can be blind detected. However, if complexity of BD is found unfeasible in some cases, signalling will be required. See the discussion in previous section.


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 the recommendations are not valid in CASE-3 MUST anymore. 
Proposal 2: RAN4 should consider the blind detection of CASE-3 MUST parameters only if RAN1 considers blind detection unfeasible. 
4
Conclusions

In this contribution we have been presenting views with respect to operation and network assistance of CASE-3 MUST. The following observations and proposals can be summarized while also in Table 1 all the conclusions are present.
Proposal 1: An additional signalling to the near UE may be required in some cases to help determine and detect the characteristics of one or multiple far UEs’ signal.

Proposal 2: RAN4 should consider the blind detection of CASE-3 MUST parameters only if RAN1 considers blind detection unfeasible. 
References

[1] RP-160680, “DL Multiuser Superposition Transmission for LTE”, Mediatek, CMCC,  RAN #71, Gothenburg, Sweden, 7 - 10 March 2016
[2] R1-163299, ”On the operation and network assistance for MUST Case 1 and 2”, Nokia, Alcatel-Lucent Shanghai Bell, RAN1 #84bis, Busan, South Korea, 11th-15th April, 2016
[3] TR36.859, “Study on Downlink Multiuser Superposition Transmission (MUST) for LTE (Release 13)”, 3GPP LTE

_1520857564.vsd
Channel coding


Layer Mapping


Scrambling & Modulation


Far UE


cw0


Spatial precoding


Power Allocation


layer0


...


Channel coding


Layer Mapping


Scrambling & Modulation


Near UE


cw0


Spatial precoding


layer0


...


cw1


layer n


cw1


layer n



_1520857756.vsd
Channel coding


Layer Mapping


Scrambling & Modulation


Far UE1


cw0


Spatial precoding


Power Allocation


layer0


layer1


Channel coding


Layer Mapping


Scrambling & Modulation


Near UE


cw0


Spatial precoding


layer0


layer1


cw1


layer2


layer3


Channel coding


Layer Mapping


Scrambling & Modulation


Far UE2


cw0


Spatial precoding


Power Allocation


layer0


layer1



