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1. Introduction
In RAN4#80, RAN4 has concluded MuST Case 1 and 2 parameter estimation feasibility. RAN4 concluded that parameter estimations on case 1 and case 2 are not feasible, so agreed to send LS [1] to RAN1 with the conclusion.
Discussion on MuST Case 3 has been continued. In RAN4#80, RAN4 narrowed down the usecase of MuST case 3 including detector performance study. MuST Case 3 needs more concrete study on baseline receiver, performance and parameter estimations as captured in WF [2] in RAN4#80. 
· In DMRS based-TMs, interference parameters to be studied are existence and modulation order
· R-ML receiver to be used when all parameters are signaled or detected
· Enhanced IRC receiver to be used when only existence is signaled or detected
· IRC receiver to be used when none is signaled or detected
In this contribution, we provide analysis on detector and parameter signaling.
2. Discussion on Case 3 UE Parameter Estimations 
Although there is no assistance information, a TM9 UE has easiness in estimating the interference existence on another DMRS port(s). In the OCC2 case, only DMRS ports 7 and 8 are used for single-layer transmission through DCI. Thus, if the TM9 UE only needs to detect the existence on another port. In a case of OCC4, the number of searching APs increases, anyhow the estimation method is identical to the OCC2 case. If scrambling seed is different across DMRS antenna ports, the orthogonality of AP are not sustained, and the accuracy of interference existence can be degraded.  Regarding this concern, from WF in [3], RAN1 has agreed to make a working assumption that MuST Case 3 is based on orthogonal APs, RAN4 can take it for simulation assumption. 

· For DMRS Case 3, support multiuser superposition transmission with orthogonal ports in [3]
Therefore, the parameters that is required for TM9 case 3 are given as Table 1. Given parameters awareness assumption, three types of detector behavior have been identified in the last RAN4 meeting.  Factors to be evaluated are listed in Table 1. 
Table 1 : Required parameters and detector for TM9 Case 3

	Case
	Required parameter detection
	Detector

	Case 3 with DMRS-TMs
	· Existence 

· Number of DMRS ports 
· Modulation order   
	· RML

· EMMSE-IRC

· LMMSE-IRC


R-ML receiver requires all of parameters to be signaled or detected. For TM9, IRC strategy can be applied effectively. DMRS antenna port can read interference with MU loading hypothesis. As long as an UE is aware of interference MU existence, covariance matrix can be constructed as dimension of the number of loaded antenna port. Difference between EMMSE-IRC and MMSE-IRC is a method of covariance estimation. Typically, covariance matrix is estimated based on DMRS AP channel estimation. EMMSE-IRC can utilize data REs for covariance matrix reconstruction.
Candidate reference receiver performance
In this section, we evaluate candidate baseline receiver performance. We compare LMMSE-IRC, EMMSE-IRC and R-ML detectors. Each parameter estimation and MMSE, RML detections are operated with received signal of
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LMMSE-IRC is designed in a straightforward manner by subtracting AP7 and AP8 reconstructed interference. We utilizes 1 PRB granularity, assuming
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 with awareness of interference loading. EMMSE-IRC estimates covariance matrix by interference reconstruction from AP7 and AP8 channel estimations. The main interesting comparison is EMMSE-IRC and RML. Figure 1 ~ Figure 3 show the performance of each detector under MU scenarios. 
When a serving UE is scheduled with QPSK modulation, all detector performances are captured within 2dB difference. The co-scheduled UE modulation hardly impacts the serving UE performance in this case. EMMSE-IRC and LMMSE-IRC also have similar performance.

Figure 2 shows that a serving UE is scheduled with 16QAM. RML shows distinguishable performance gain comparing to EMMSE-IRC in 2B gap, still EMMSE-IRC is fairly good performance with low complexity. An interference UE modulation order seems to have small impact on the overall performance.
Figure 3 shows that a serving UE is scheduled with 64QAM. In this case, when the interference UE is served with QPSK, the RML gain is explicitly obtained, but when it is served with 64QAM, it still shows similar performance to EMMSE-IRC. 

In conclusion, the RML detector performances quite vary depending on modulation order combination, while EMMSE-IRC shows steady performance. In addition, LMMSE-IRC and EMMSE-IRC performance is also not very large (~2dB), but It is not so challenging to apply EMMSE-IRC with joint detection strategy, we prefer to set EMMSE-IRC receiver is a baseline receiver.

Proposal 1 : Based on performance analysis, we prefer to set EMMSE-IRC receiver is a baseline receiver, if the network signaling is not provided on modulations. RML shows explicit gain under limited condition. EMMSE-IRC can be used generally with reasonable UE complexity for TM9. 
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Figure 1 : MCS5 candidate detector performance (genie MU parameter assumption)
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Figure 2 : MCS10 candidate detector performance (genie MU parameter assumption)
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Figure 3 : MCS17 candidate detector performance (genie MU parameter assumption)

Existence Detection
A TM9 UE is required to detect co-scheduled UE existence. For TM9 MIMO layer can be scaled by different power ratio. A practical existence detection algorithm is designed based on channel power of DMRS AP. On 
[image: image7.wmf]Ii

APservingDMRSAPs

Ï

, the UE measure channel power and apply criterion of 


[image: image8.wmf]2

()

I

APscidn

E

g

éù

>

ëû

HR


, and declare the co-scheduled UE existence. The threshold of detection is given based on noise variance multiplied by a scalar  
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, which is an optimization factor. We investigate MU detection and SU detection respectively with the same algorithm. For OCC2, we observed 90% and above detection rate in SNR>0. 
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Figure 1 : TM9 Existance Detection Performance

At this moment, we don’t have further detail analysis on TM9 parameter estimation. It is true that TM9 parameter estimation is more feasible and straightforward than CRS-TM MU parameter estimation. In certain cases, existence parameter estimation of TM9 appear accurate (i.e. 2 UE-MU). From Proposal-1, we propose EMMSE-IRC receiver, so when the UE believes the MU is assigned through blind detection, the MU-based IRC strategy can be applied without much difficulty as long as the scrambling seed is identical. However, the MIMO layer itself is scaled, the existence declaration can be more subjective to the UE. 

Although RML gain is obtained in limited usecases, maybe we still assume that high modulation order for MU may be attractive to certain cases. There is possibility that RML is used more effectively with high modulation orders. However, if RML is utilized as RAN1/RAN4 baseline receiver, then we prefer that modulation orders of MU are signaled. 

Proposal 2 : If RML is utilized as RAN1/RAN4 baseline receiver, then we prefer that modulation orders of MU are signaled. 

3. Conclusions

In this contribution, we discuss about parameter signalling and baseline receiver performances. 
Proposal 1 : Based on performance analysis, we prefer to set EMMSE-IRC receiver is a baseline receiver. RML shows explicit gain under limited condition. EMMSE-IRC can be used generally with reasonable UE complexity for TM9. 

Proposal 2 : If RML is utilized as RAN1/RAN4 baseline receiver, then we prefer that modulation orders of MU are signaled. 
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Simulation condition 

	Parameter for target UE
	Value

	Bandwidth
	10MHz

	Cyclic prefix
	Normal

	Propagation channel
	EVA5, ETU5

	Number of OFDM symbol for control region
	3

	Subframes with PDSCH
	#1, 2, 3, 4, 6, 7, 8 and 9

	Number of PRBs of PDSCH
	Baseline: 50

	Rank
	Baseline: 1

	HARQ
	4

	Number of PRB used for one decision
	Baseline: 1

	Number of REs used in a PRB for blind detection
	data REs in a PRB

	Detection algorithm
	ML

	Channel/noise estimation
	Non-ideal

	Frame structure
	FDD

	Antenna configuration
	4x2 ULA low correlation (study priority)

	Cell-specific reference signals
	Antenna ports 0,1

	Transmission mode
	TM9

	Number of interference UEs
	1 with (i) OCC-2 or (ii) OCC-4

	Resource allocation of interference UE
	Full band

	MCS of target UE
	MCS#5, MCS#10 and MCS#17

	Modulation order of interference UE
	QPSK, 16QAM and 64QAM

	Precoding of target UE
	Follow UE’s wideband PMI report with reporting mode 1-1

	Precoding of interference UE
	Random precoding

	TX EVM
	6%

	Parameters to be blindly detected or signaled
	existence (DMRS port), scrambling seed and modulation order
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