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1
Introduction

Link investigations of MUST schemes have been contributed in the past RAN1 meetings. During RAN1#82 we have also agreed to consider mixed transmission schemes pairing in MUST [5]. So far the RAN1 link contribution were mainly focusing on the performance of CWIC and RML receivers, investigating also the case of RML and Gray mapping type of transmission which has been shown as providing similar performance as CWIC with non-Gray mapping. In this contribution we present further results and analysis on the blind detection of parameters in MUST.
2
Interference parameter estimation in MUST
To some extent the MUST and NAICS operations are similar, however there are also some differences. Both techniques require knowledge, through estimation or signaling, of the interfering PDSCH’ parameters. In the following we are performing such an analysis considering the blind detection capability of the UE under MUST scenarios. 

At least some differences between NAICS and MUST are coming from the signal strength of the interferer. NAICS is a mainly cell edge technique (addressing inter-cell interference cancellation) where UEs in low SNR are required to perform blind detection of dominant interferer parameters. It has been shown in the NAICS studies [2] that the strength of the interferer and noise level influences the reliability of the blind detection, and this is indeed rather intuitive, as the parametrization of a strong interferer can be blindly detected easier. The interference situation is rather different in MUST. In this case a near UE in rather good SNR situation is required to estimate the parameters of a strongly dominating interferer, the far UE. The difference of few dB (~5-10dB) between the paired UEs facilitates better blind detection conditions than in NAICS. 
Observation 1: The near UE estimates a stronger far UE interferer. 

Observation 2: MUST benefits from better interference conditions compared to NAICS.
2.1 Interference parameter estimation in MUST
The estimation of interfering PDSCH parameters has been discussed at length in NAICS RAN4 studies. It has been concluded [3] that UE joint blind detection is feasible for: PDSCH starting symbol, presence of interference, transmission modes, modulation, PMI, RI, DMRS ports (port 7 and 8), PA (considering a subset of values). All these agreements hold under the assumptions of: serving cell with two interferers, 2 CRS antenna ports, per PRB blind detection, fixed interference model in MCS and rank in frequency and bursty traffic, and also when CRS-IC is performed. We note that the MUST conditions are in fact more favourable than NAICS conditions, because both useful and interfering signals are originating from the same transmission point.
Observation 3: MUST operating environment is more favourable, from blind detection perspective, than NAICS as both useful and interfering signals are originating from the same transmission point.

In Table 1 we are considering all the parameters which characterize the interfering PDSCH signal and group them into system specific, spatial characteristics and link adaptation. We also consider their applicability with respect to the receiver type which is symbol and codeword based. From all these parameters we would like to focus our attention on those which are candidates for blind detection.
· PDSCH allocation: if scheduler flexibility is preserved, different allocations of the near and far UEs may be experienced in the sense that the paired UEs would not experience a full overlap. If this is the case, the MUST UE would utilize the mechanism of blind detection of interference presence. Further discussion is need depending on the scheduling allocations.
· Transmission mode: proved feasible in NAICS, would be blindly detected also in MUST
· PMI/RI: two situations may be experienced here, if same or different PMIs are used for the paired UEs. If same PMI is used, certainly no blind detection nor signaling is needed. In case different PMIs are used, then blind detections should be utilized. For 4Tx operation, blind detection with codebook subset restriction is one possible solution.
· DMRS APs: two solutions are possible depending if same or different DMRS ports are used for pairing. This is linked to the way in which power offsets would be signalled in DMRS based TMs. If same DMRS port is used, no blind detection is needed while also the power offset is implicitly known based on the serving cell indication. To support legacy far UEs, the single port is transmitted transparently matching the far UE PDSCH, the near UE performs channel scaling.  If different DMRS ports are used, an implicit indication is also known based on the serving cell indication, however in this case there is a penalty in the channel estimation quality of the Near UE. Also this is less motivated from the perspective of same precoder utilization. In case of mixed modes, if far UE is using DMRS and near UE is using CRS, then blind detection may be used.
· PA: this parameter is UE specific and semi-statically configured, so in principle the far and near UEs may be configured with different PA parameters, which is not possible with MUST Category #3 schemes. On the other hand, the far UE power would be scaled by the eNB with both the PA and the pairing power offset, hence the total power is an outcome of two parameters. In other words, what was signalled in NAICS as a set of power offset values, would now be offset further. It seems reasonable to consider the PA signalling/blind detection operation until further clarification of MUST schemes. For the moment we note that in certain conditions the blind detection of PA, and possibly jointly incorporating the MUST power offset, should be possible by leveraging the NAICS operation and the MUST power offset knowledge of the serving signal.
Proposal 1: Blind detection is applied for interference presence, TM, modulation, PMI/RI, power offset, DMRS ports (port 7 and 8).

Table 1: Interference parameters

	
	Detailed parameter
	MUST options
	

	System
	System bandwidth
	Signalled/Rel. 12 or earlier
	Common to all receiver types 

	
	Cell ID
	Signalled/Rel. 12 or earlier
	

	
	Virtual cell ID
	Restriction needed in NAICS, not applicable in MUST
	

	
	CRS AP
	Signalled/Rel. 12 or earlier
	

	
	MBSFN configuration
	Signalled/Rel. 12 or earlier
	

	Spatial characterization of interference - Resource allocation
	CFI
	The same for both far and near UEs
	

	
	PDSCH allocation
	Blind detection (interference presence)
	

	
	TM
	Blind detection
	

	
	DMRS Aps
	Depends on MUST solution: not needed or blind detection
	

	
	nSCID/vSCID
	Not applicable in MUST
	

	
	QCL
	Not applicable in MUST
	

	
	PMI
	Depending on the pairing assumption: if the same PMI, then no signaling, if different PMIs/mixed TMs then blind detection
	

	
	RI
	Blind detection
	

	Link adaptation
	Data to RS EPRE, PA
	Blind detection: likely joint operation with power offset and use of implicit info due to signalled power level for serving signal.
	

	
	Data to RS EPRE, PB
	Signalled/Rel. 12 or earlier
	

	
	Modulation Order
	Blind detection
	SLIC & RML only

	
	CSI-RS presence and pattern
	Not applicable for MUST
	CWIC only

	
	MCS+RV
	Signaled
	

	
	RNTI
	Signaled
	


2.2 Link performance using blind detection
As an example of blind detection performance, we have performed several investigations considering RML receiver and the modulation blind detection. In Figures 1-4 we show the near UE performance in case of TM2 and TM4 operation. Our choice of modulation combinations for the near and far UEs has been <MCS5, MCS5> and < MCS14, MCS5>. As the far UE is most likely in cell edge conditions and also based on our system observations, it seems unlikely that high order modulations are scheduled in the far UE. On the other hand, most likely higher order modulations are used in the near UE. In general, the usage of lower MCS is increased in MUST, due to power sharing between users.
In these results we have used two power split values per modulation combination. The selection of power split values is such that one power split value creates uniform and the other creates non-uniform joint constellations, which are both non-overlapping. By non-overlapping joint constellation we mean that near UE constellation given far UE symbol is not spread over more than one quadrant. In the case of <MSC5, MCS5>, power split <0.2, 0.8> results in uniform joint constellation whereas power split <0.1, 0.9> results in non-uniform joint constellation. Similarly for modulation combination <MCS14, MCS5>, we chose power split values of <0.238, 0.762> and <0.15, 0.85> as they create uniform and non-uniform joint constellations, respectively. 
Note that in Figures 1-4 power scaling values of near UE PDSCH has not been taken into account. Hence SNR is calculated using unity signal power, i.e., near UE signal plus far UE signal. Current results are showing very good performance of the blind detection solution.
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Figure 1: TM2-TM2, MCS Near/Far UE=5/5
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Figure 2: TM2-TM2, MCS Near/Far =14/5
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Figure 3: TM4-TM4, MCS Near/Far UE=5/5
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Figure 4: TM4-TM4, lower figure: MCS Near/Far=14/5
3
Conclusions

In this contribution we have been presenting views with respect to the interference parameter estimation in MUST. The following observations and proposals can be summarized.
Observation 1: The near UE estimates a stronger far UE interferer. 

Observation 2: MUST benefits from better interference conditions compared to NAICS.

Observation 3: MUST operating environment is more favourable, from blind detection perspective, than NAICS as both useful and interfering signals are originating from the same transmission point.

Proposal 1: Blind detection is applied for interference presence, TM, modulation, PMI/RI, power offset, DMRS ports (port 7 and 8).
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Appendix
	Parameters 
	Values 

	Carrier frequency 
	2 GHz 

	Bandwidth 
	3 MHz 

	PDSCH Resource allocation 
	Near/Far: 15/15 PRB 

	Cyclic prefix 
	Normal 

	Propagation channel 
	2x2 EPA 5Hz, spatially uncorrelated 

	Path loss difference between Near and Far UE 
	10 dB 

	EVM 
	6% 

	Transmission modes 
	Near/Far: TM4/TM4, TM2/TM2 

	MCS# 
	Near/Far:  5/5, 14/5 

	Receiver algorithms 
	2. R-ML(Near UE), 3. MMSE (Far UE)

	Blind Mod Detector 
	Bandwidth 1 PRB, far UE mod candidates = [2 4]

	Channel estimation 
	Realistic 

	SNR estimation 
	Realistic 

	PMI feedback for TM4 
	Follow wideband PMI 

	PCFICH 
	CFI=3 

	Power Split Values (Near/Far) 
	16QAM-QPSK

· 0.15/0.85 (non-uniform, non-overlapping)

· 0.238/0.762 (uniform, non-overlapping)

QPSK-QPSK

· 0.1/0.9 (non-uniform, non-overlapping) 

· 0.2/0.8 (uniform, non-overlapping) 


