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1
Introduction 
In the work item Downlink Multiuser Superposition Transmission for LTE [1], RAN4 is expected to identify and agree on the parameter combinations that could be blindly detected jointly for MUST based on TR36.859 and RAN1’s recommendation. Two LS’s [2] and [3] were sent from RAN1 meeting, providing more information to RAN4. 
In last RAN4 (#80) meeting, MUST Case 3 was discussed, including both CRS and DMRS based TMs. One WF [4] was agreed to further investigate the blind detection performance particularly in the following 2 aspects: 

· In DMRS-based TMs, performance and blind detection feasibility with interference on non-orthogonal DMRS ports

· Blind detection feasibility of different receiver types based on the different amount of available interference parameters

In this paper, we focus on the 2nd issue in DMRS-based TMs. We provide evaluation results that compare the performance of different signaling assumptions as well as different receiver types. Based on the simulation results, we give the observations and proposals.  
2
Problem Formulation and Detection Algorithms
As mentioned in [4], there are different receiver types to be discussed:
· R-ML receiver to be used when all parameters are signaled or detected
· Enhanced IRC (eIRC) receiver to be used when only existence is signaled or detected
· IRC receiver to be used when none is signaled or detected
R-ML receiver requires both existence and MOD information, which could be obtained through either signalling or blind detection. For eIRC receivers, MOD information is not needed. Once interference presence is assumed by UE on a DMRS port, UE uses the channel estimation output on that port to construct interference covariance matrix in order to suppress the interference. As to IRC receivers, none of the information is required. UE will take the noise estimation output from its DMRS port to construct interference covariance matrix.

Signalling provides perfect knowledge about the information at the cost of signalling overhead and probably some scheduling constraint at network side. Blind detection demands additional UE computation complexity but cannot guarantee errorless decision. In this paper, we focus on the blind detection performance part. 

2.1 Interference Existence Detection

Without any assistance information, a target UE configured under MUST case 3 in DMRS-based TM is expected to detection the interference existence on another DMRS port(s). In OCC2 case, only DMRS ports 7 and 8 are possible to be configured with single-layer transmission through DCI. Thus, the target UE only needs to detect the existence on the other port, e.g., if the target UE is configured with port 7, it only needs to check interference existence on port 8. For the issue of non-orthogonal DMRS ports (with different scrambling sequence), we have another paper [5] providing detail discussion. In this paper, we focus on orthogonal DMRS ports only.
In OCC4 case, there are up to 4 orthogonal DMRS ports {7, 8, 11, 13} that can be configured with single-layer transmission. UE needs to detect the existence on another 3 DMRS ports. Theoretically, based on the detection output, UE may try to cancel 1, 2 or 3 interference, or may pick a subset of the interference to be cancelled and use IRC receiver to suppress the others. The complexity paid for corresponding interference detection and cancellation will increase significantly from OCC2 to OCC4. In this paper, according to the simulation assumptions in [4], we assume at most one interference to be scheduled together with the target UE. Therefore, in our simulation, UE only tries to detect one single interference from other DMRS ports and cancel that interference when detected. 
Assume that the target UE is configured with DMRS port 7 and wants to detection the interference on DMRS port8. In our simulation, the channel and noise estimation outputs from DMRS ports 7 and 8 as well as the noise estimation outputs from CRS are compared jointly with certain thresholds to make the decision. 

2.2 Modulation Order Detection

PDSCH REs are used to detect the modulation order of the interference. In a simple scalar notation, the received signal on PDSCH RE can be represented as the following equation:
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 are the modulated symbol intended to the target UE and the interference ,respectively, and 
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 is the AWGN noise. 
A likelihood-based method used in this paper is to find the modulation order that maximizes the following likelihood function, e.g., 
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where 
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 denotes the set of constellation points for a given modulation. Since both 
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 are unknown to the UE, the detection complexity becomes very high. To handle these unknowns, UE needs to exhaust all possible combinations 
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, meaning that the complexity grows exponentially in high-order modulations such as 64QAM or 256QAM. Also, we expect some performance gap due to these uncertainties, when compared with the cases with assistance information. 

3
Simulation Assumptions, Results and Observations
A WF on simulation assumption [4] was agreed in the last RAN4 meeting. The details are provided in Table 1. In our simulation, we generally follow the assumptions. Differences are marked in red. In this section, we present the results for 4Tx cases, while those for 8Tx are provided in the appendix.
Table 1 Simulation assumptions

	Parameter for target UE 
	Value 

	Bandwidth 
	10MHz 

	Frame structure 
	FDD 

	Cyclic prefix 
	Normal 

	Propagation channel 
	EVA5 

	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 
	50 

	Rank 
	1 

	HARQ 
	Disabled 

	Number of PRB used for one decision 
	Baseline: 1

	Number of REs used in a PRB for blind detection 
	Interference existence detection: all DMRS REs 
Modulation order detection: all PDSCH REs

	Detection algorithm 
	As described in previous section

	Channel/noise estimation 
	Non-ideal 

	Demapper algorithm 
	Reduced ML 

	Antenna configuration 
	4x2 ULA low correlation

8x2 Xpol high correlation 

	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#0, MCS#10, MCS#17 

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

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

	Precoding of interference UE 
	Random with granularity of 50 PRB. 

	TX EVM 
	6% 

	parameters to be blindly detected or signaled 
	existence (DMRS port) and modulation order 


In previous paper [5], we already provided the results when the co-scheduled interference is not present. We omit the results here. In conclusions, UE can achieve 0% false alarm rate for both OCC2 and OCC4.
Observation 1: UE can achieve 0% false alarm rate for both OCC2 and OCC4 when detection the existence of interference in MUST Case 3 under DMRS-based TM.

In Figures 1, 3 and 5, we give the throughput performance when the co-scheduled interference is present where the target UE is scheduled with QPSK, 16QAM, and 64QAM, respectively. Sub-figures (a), (b) and (c) are used to present the results for different modulation order used by the interference. The meanings of legends are listed below:

· Ideal information: Both interference existence and modulation order are signaled. UE has nothing to detect. 
· MOD signaled, OCC4: Interference modulation is signaled. UE needs to detect interference existence based on OCC4. (We do not present OCC2 for this case because OCC2 is in general better than OCC4 in terms of the detection rate.) 
· Fully BD, OCC2: Neither interference existence and modulation order is signaled. UE needs to detect both. When detecting interference existence, UE assumes OCC2. 
· Fully BD, OCC4: Neither interference existence and modulation order is signaled. UE needs to detect both. When detecting interference existence, UE assumes OCC4. 
· eIRC: UE detects the existence on the DMRS port. Once interference detected, the channel estimation output on that port will be used to construct interference covariance matrix for suppression. 

· IRC: UE does not perform any blind detection and just applies IRC receiver based on the noise estimation of its assigned DMRS port.

Figures 2, 4 and 6 provide the interference detection rates for target UE QPSK, 16QAM and 64QAM, respectively. Note that the detection is just based on DMRS. Thus, interference modulation has nothing to do with the detection performance.
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 (a)                         (b)                        (c)
Figure 1. Throughput performance for target UE MCS#0 with co-scheduled interference modulation: (a) QPSK, (b) 16QAM and (c) 64QAM
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Figure 2. Interference existence detection rate for OCC2 and OCC4 for target UE MCS#0
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Figure 3. Throughput performance for target UE MCS#10 with co-scheduled interference modulation: (a) QPSK, (b) 16QAM and (c) 64QAM
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Figure 4. Interference existence detection rate for OCC2 and OCC4 for target UE MCS#10
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Figure 5. Throughput performance for target UE MCS#17 with co-scheduled interference modulation: (a) QPSK, (b) 16QAM and (c) 64QAM
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Figure 6. Interference existence detection rate for OCC2 and OCC4 for target UE MCS#17
In appendix, we provide more results for 8Tx cases.

Since the amount of degradation varies with SNR, we need a clear and simple rule to determining the feasibility. In the WF [4], a metric for decision making is agreed to use the throughput degradation at the SNR that achieves 10% BLER under ideal information. The intention of using this metric is that: Under closed-loop CQI feedback, eNB tries to schedule the MCS that roughly leads to BLER< 10%. So the operating SNR for each MCS should be roughly around the SNR of 10% BLER. Therefore it makes sense to study the degradation due to blind detection error at such SNR points. This degradation is to reflect the situation that eNB determines the MCS assuming ideal detection performance, while detection error actually could happen in PDSCH receiving at UE. 
In Tables 2 and 3, we summarize the degradation in all cases for 4Tx and 8Tx, respectively. For the values in fully blind, we pick the worst one between OCC2 and OCC4.
Table 2 Summary of throughput degradation at the SNR that leads to 10% BLER of the curve with ideal information (4Tx)
	4TX
	Modulation combination

{target, interference}
	Throughput degradation at 90% throughput of ideal performance

	
	
	With only modulation signaled 
	Fully blind
	eIRC

	
	{QPSK, QPSK}
	<1%
	<1%
	<1%

	
	{QPSK, 16QAM}
	<1%
	<1%
	<1%

	
	{QPSK, 64QAM}
	<1%
	1%
	<1%

	
	{16QAM, QPSK}
	2%
	11%
	39%

	
	{16QAM, 16QAM}
	1%
	17%
	9%

	
	{16QAM, 64QAM}
	1%
	19%
	6%

	
	{64QAM, QPSK}
	<1%
	30%
	97%

	
	{64QAM, 16QAM}
	<1%
	29%
	35%

	
	{64QAM, 64QAM}
	<1%
	28%
	12%


Table 3 Summary of throughput degradation at the SNR that leads to 10% BLER of the curve with ideal information (8Tx)
	8TX
	Modulation combination

{target, interference}
	Throughput degradation at 90% throughput of ideal performance

	
	
	With only modulation signaled 
	Fully blind
	eIRC

	
	{QPSK, QPSK}
	<1%
	<1%
	<1%

	
	{QPSK, 16QAM}
	<1%
	<1%
	<1%

	
	{QPSK, 64QAM}
	<1%
	1%
	<1%

	
	{16QAM, QPSK}
	<1%
	3%
	3%

	
	{16QAM, 16QAM}
	<1%
	5%
	<1%

	
	{16QAM, 64QAM}
	<1%
	5%
	<1%

	
	{64QAM, QPSK}
	<1%
	11%
	28%

	
	{64QAM, 16QAM}
	1%
	15%
	6%

	
	{64QAM, 64QAM}
	2%
	18%
	3%


Since the degradations in 4Tx are always larger than those in 8Tx for all cases, we will focus on 4Tx results when drawing observations. Based on above results, we have the following observations:
1) Interference existence detection rate increases with SNR. At high SNR, the detection rate can approach 100%. Therefore the degradation due to existence detection error becomes trivial for 16QAM and 64QAM. E.g., when comparing the curves ‘ideal information’ and ‘MOD signaled, OCC4’, the degradation is no larger than 2% for all cases. So it is fine to conclude that the interference existence detection is feasible. Since interference existence detection is feasible, we think that reference receiver for MUST Case 3 should be either R-ML or eIRC, while IRC receiver can be precluded.
Proposal 1: Interference existence blind detection is feasible in terms of the final throughput performance.
Proposal 2: IRC receiver is precluded in the reference receivers for MUST Case 3 in DMRS-based TMs.
2) For QPSK which operates in low SNR region, we observe low detection rates (e.g., 30% for OCC2 and 5% for OCC4 at SNR -2dB in Figure 2). However, the resulted throughput does not degrade that much (<1% for all cases). There are two possible reasons for this observation. One is that QPSK itself is robust to existence detection error. The other is that noise dominates in this low SNR region where interference suppression and cancellation make no much different. 
3) OCC4 has lower detection rate than OCC2. But the difference does not make noticeable difference in terms of throughput performance.

4) The degradation of ‘fully blind’ is very small in QPSK, implying that QPSK is also very robust to modulation detection error. However, the degradations become 11~19% in 16QAM and 28~30% in 64QAM This observation implies that 16QAM and 64QAM are more sensitive to modulation detection error. Note that the complexity of modulation detection grow exponentially in 16QAM and 64QAM according to Eq.(1).
Observation 2: UE’s blind detection on interference modulation would bring 30% throughput degradation ranging from 1% to 30%, depending on the modulation combination of the two UEs.
5) The degradation of ‘eIRC’ has a large range (1~97%). In general, we observe large gap when target UE is 64QAM or interference UE is QPSK, and smaller gap when target UE is QPSK or interference UE is 64QAM. Also, it is always outperformed by ‘MOD signaled. Since it is not possible to restrict MOD combination, we tend to conclude that MOD signaling still provides better UE demodulation performance and lower UE detection complexity. 
Observation 3: The degradation of eIRC receiver ranges from 1% to 97%, depending on the modulation combination of the two UEs. 
Proposal 3: eIRC receiver is precluded in the reference receivers for MUST Case 3 in DMRS-based TMs.
6) In Figures 3 and 5 the performance of IRC receiver are very bad. The reason for this poor performance is that we allow non-orthogonal precoders for the interference UE. Actually, as agreed in the WF, the precoder of the interference UE will be picked randomly from the remaining 15 precoders. Since not all precoders are mutually orthogonal to one another. It is possible (with an around 75% probability) that a non-orthogonal precoder was selected. IRC receivers have the difficulty to suppress this kind of interference without degrading the demodulation performance of its desired signal. To justify this, we conducted more simulations with the restriction that the 2 precoders of target and interference UEs form a legal rank-2 precoder. The results for target UE 16QAM and 64QAM are provided in Figures 7 and 8, respectively. In Figures 7 and 8, IRC receivers can achieve comparable performance to eIRC in some cases. Since it is proposed to preclude IRC as the reference receiver, we think that it is fine to allow non-orthogonal precoders between the two co-scheduled UEs.
Observation 4: IRC receiver has the difficulty to suppress the interference with non-orthogonal precoder.
Proposal 4: Allow non-orthogonal precoders between the two co-scheduled UEs.
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Figure 7. Throughput performance for target UE MCS#10 with rank-2 precoder restriction and co-scheduled interference modulation: (a) QPSK, (b) 16QAM and (c) 64QAM
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Figure 8. Throughput performance for target UE MCS#17 with rank-2 precoder restriction and co-scheduled interference modulation: (a) QPSK, (b) 16QAM and (c) 64QAM
Considering both observations 3 and 4, the degradation due to lack of interference modulation signaling is to be at most 30% for those UEs trying to perform blind MOD detection and 97% for those UE adapting eIRC receivers. Therefore, we suggest that interference modulation order should be signaled to UE.

Proposal 5: interference modulation order should be signaled. 
4
Summary 
In this paper, we provide the simulation results for parameter blind detection in MUST Case 3 in DMRS-based TMs. Simulation results covers all possible modulation combinations, 4Tx and 8Tx, OCC2 and OCC4, as well as different receiver types. Based on the simulation results, we have the following observation and proposals.
Observations 1: UE can achieve 0% false alarm rate for both OCC2 and OCC4 when detection the existence of interference in MUST Case 3 under DMRS-based TM.
Observation 2: UE’s blind detection on interference modulation would bring at most 30% throughput degradation, depending on the modulation combination of the two UEs.

Observation 3: The degradation of eIRC receiver ranges from 1% to 97%, depending on the modulation combination of the two UEs.
Observation 4: IRC receiver has the difficulty to suppress the interference with non-orthogonal precoder.
Proposal 1: Interference existence blind detection is feasible in terms of the final throughput performance.
Proposal 2: IRC receiver is precluded in the reference receivers for MUST Case 3 in DMRS-based TMs.

Proposal 3: eIRC receiver is precluded in the reference receivers for MUST Case 3 in DMRS-based TMs.
Proposal 4: Allow non-orthogonal precoders between the two co-scheduled UEs.

Proposal 5: Blind detection on Interference modulation order is not feasible.

5
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Appendix

In this Appendix, we give the simulation results for 8Tx cases. Note that the antenna setting also changes to Xpol high correlation. In such a correlation, interference with random precoder has less impact on the throughput performance of the target UE, even if it is miss-detected.

In Figures A.1, A.3 and A.5, we give the throughput performance when the co-scheduled interference is present where the target UE is scheduled with QPSK, 16QAM, and 64QAM, respectively. Sub-figures (a), (b) and (c) are used to present the results for different modulation order used by the interference. Figures A.2, A.4 and A.6 provide the interference detection rates for target UE QPSK, 16QAM and 64QAM, respectively. Note that the detection is just based on DMRS. Thus, interference modulation has no impact on the detection performance.
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Figure A.1. Throughput performance for target UE MCS#0 with co-scheduled interference modulation: (a) QPSK, (b) 16QAM and (c) 64QAM

[image: image23.png]Interference Existence Detection Rate

T3, BTX, target UE MCS#0, allow non-orthogonal precoder

—&—fully BD, 0CC2
—e—fully BD, 0CC4

o
A3 42 41 0 8 8
SNR{dE]





Figure A.2. Interference existence detection rate for OCC2 and OCC4 for target UE MCS#0
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Figure A.3. Throughput performance for target UE MCS#10 with co-scheduled interference modulation: (a) QPSK, (b) 16QAM and (c) 64QAM
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Figure A.4. Interference existence detection rate for OCC2 and OCC4 for target UE MCS#10
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Figure A.5. Throughput performance for target UE MCS#17 with co-scheduled interference modulation: (a) QPSK, (b) 16QAM and (c) 64QAM
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Figure A.6. Interference existence detection rate for OCC2 and OCC4 for target UE MCS#17
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