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1
Introduction 
In RAN#71, a work item Downlink Multiuser Superposition Transmission for LTE [1] was approved. In 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.
In the detail objectives, 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. 
In last RAN1#84 meeting, some additional information was sent to RAN4 through n LS [2], which is partially captured below 
	<text omitted >
RAN1 has identified the following parameters for the feasibility study of per PRB blind detection.  Note that RAN1 targets to decide on whether to signal all or part of the following parameters to a UE after August meeting.

· For MUST case 1 and case 2, the candidate assistance information for signalling or blind detection by the MUST-near UE include:

· Existence of MUST interference per spatial layer 

· Transmission power allocation per spatial layer of its PDSCH and of the MUST-far UE’s PDSCH

· Modulation order of each codeword of MUST paired UE’s PDSCH

· This information is only needed if modulation order of MUST-far UEs is not limited to QPSK

· For MUST case 3, in addition to the above:

· PMI or DMRS port/sequence of the MUST-paired UE

· Each of the above may be either:

· per PRB, or

· per group of PRBs, or

· single value across the UE’s scheduled bandwidth

For transmission power ratio, RAN1 has made the following agreements: 

For Case 1 and 2,

· MUST category 2 with one or more transmission power ratios for co-scheduled MUST UEs in each constellation combination is supported

· Note that between 1 and 8 power ratios will be selected by RAN1

· The superposed constellation corresponding to one of transmission power ratios in each constellation combination is a legacy constellation
· For (MOD_N, MOD_F) = (QPSK, QPSK), 16QAM legacy constellation

· For (MOD_N, MOD_F) = (16QAM, QPSK), 64QAM legacy constellation

· For (MOD_N, MOD_F) = (64QAM, QPSK), 256QAM legacy constellation

· If 2 or more power ratios are supported, the other transmission power ratios for a MUST-far UE in each constellation combination can be selected from the value range of [0.6, 0.95] as a baseline. 

<text omitted >


In this paper, we provide the evaluation for existence of MUST interference in CRS-based transmission mode for case 1.
2
Problem Formulation and Detection Algorithm
In this section, the detection problem and algorithms are discussed in order to provide a common reference for RAN4 discussion. Here we consider a simple model
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where 
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 is the received signal, 
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 is the channel, 
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 is the transmitted symbol to the near UE, and 
[image: image5.wmf]n

 is the complex AWGN. For notation simplicity, we consider single transmit antenna, single receive antenna and layer 1 in this algorithm discussion. 

The transmitted symbol 
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 is chosen uniformly from a constellation 
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. In the case of OMA (Orthogonal Multiple Access) transmission, 
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 could be QPSK, 16QAM or 64QAM. When NOMA (Non-Orthogonal Multiple Access) is used, the signal of both near and far UEs will be superposed together. The composite constellation (after superposition) will depend on the modulation order of both near and far UE as well as the chosen power ratio 
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 is the ratio of power shared by the far UE. For simplicity, in each modulation combination, we consider only single power ratio that leads to legacy constellation and only QPSK is used for the far UE:
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 when {MODN, MODF} = {QPSK, QPSK} 

2. 
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 when {MODN, MODF} = {16QAM, QPSK}
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 when {MODN, MODF} = {64QAM, QPSK}
Note that if multiple power ratios are considered, the number of hypotheses in UE’s blind detection will increase. In general, we can expect a worse detection performance than that of single power ratio. 
We denote the constellation when OMA and NOMA is used by 
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 and 
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. Since that near UE knows 
[image: image16.wmf]OMA

c

 through DCI and that far UE is assumed to be limited to QPSK, near UE knows what 
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 will be, e.g., if 
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 is QPSK, then 
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 is 16QAM, if 
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 is 16QAM, then 
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 is 64QAM, and if 
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 is 64QAM, then 
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 is 256QAM. Therefore, the existence detection problem is in fact a modulation detection problem for near UE. The near UE needs to distinguish between the two constellations. So that it know whether OMA or NOMA was used before demodulation. 

The modulation order detection problem is not a new issue in communication system. Solutions to this problem can be found in [3][4][5]. Ref. [3] considers a 4th order statistic (cumulant) which leads to high complexity and requires a large amount of observations 
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 to approximate the ensemble average. Ref. [4] uses divergence to detect the SNR region, before determining the modulation. This method is not feasible here because the modulation order (OMA/NOMA) could be dynamically changing in the same SNR region. As a result, we will adopt one of the methods provided in [5], which determines the modulation based on the likelihood ratio of two modulations, e.g.,
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where the equality (1) comes from the assumption that all signal points in the constellations are equal likely and (2) is the approximation which uses a max function to replace the sum of exponentials. To better understand the impact of the approximation in (2), we compare two different LLRs, which are defined as below:

[image: image26.wmf],

min

min

ln

2

2

2

2

log

max

s

s

c

c

c

c

hx

y

hx

y

LLR

OMA

NOMA

x

x

OMA

NOMA

-

-

-

+

=

Î

Î

-


and

[image: image27.wmf]å

å

Î

Î

-

ú

ú

û

ù

ê

ê

ë

é

-

-

ú

ú

û

ù

ê

ê

ë

é

-

-

=

NOMA

OMA

x

x

OMA

NOMA

sum

hx

y

hx

y

LLR

c

c

s

ps

s

ps

c

c

2

2

2

2

2

2

exp

exp

1

exp

1

ln

.
The LLRs will then be compared with a threshold. In this paper, we simply use a threshold 0 to evaluate the performance. If LLR>0, the decision is made to OMA, and otherwise to NOMA. Note that the LLR can be calculated based all observations of 
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 in a group of PRBs, although we use only a single 
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 during the derivation. 
3
Simulation Assumptions and Results
To conduct the evaluation, we adopt the following simulation assumptions in Table 1.

Table 1. Simulation assumptions for existence blind detection evaluation
	Parameter
	Value

	Frame structure
	FDD

	Bandwidth
	10MHz

	Cyclic prefix
	Normal

	Antenna configuration
	2x2 low correlation

	Propagation channel
	EVA5

	Cell-specific reference signals
	Antenna ports 0,1

	Transmission mode
	TM4

	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

	MCS of near UE
	QPSK: 0, 5, 9

16QAM: 10, 13, 16

64QAM: 17, 23, 27

	Precoding
	Random with Granularity: 50 PRBs

	Power ratio
	QPSK: 0.8

16QAM: 0.7619

61QAM: 0.7529

	HARQ
	Disabled

	CSI reporting
	Disabled

	TX EVM
	3.5%


There are also some parameters that may have impact on the detection performance, e.g., the number of PRB used to determine the existence and the number of observations (REs) used in a PRB. As pointed out in [2], we need to evaluate the performance with different numbers of PRB. Therefore, we tried 4 different options: 1, 3, 6 and 50 PRBs in the evaluation. And we use roughly 1/4 of the PDSCH REs in a PRB as the available observations. The UE processing assumptions are captured in Table 2.
Table 2. Near UE processing assumptions

	Parameter
	Value

	Number of bundled PRB used for making one decision
	1, 3, 6, 50 (Note)

	Number of REs used in a PRB
	1/4 of the available PDSCH REs

	Detection algorithm
	Likelihood ratio based testing with zero threshold (described in Section 2)

	Channel/noise estimation
	Non-ideal

	Demapper algorithm
	Reduced ML


Note: For an example, UE determines OMA/NOMA independently on each PRB and decodes the single transport block occupying 50 PRBs. In this case, coding helps if the majority of the PRBs are detected correctly. We can expect worse performance when the transport block occupies less PRBs.
The evaluation results are shown in following Figures 1 to 6, where independent decision is made for within each PRB. For other cases of different bundled PRB numbers, please refer to Appendix. 
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Figure 1. Simulation results of different detection algorithms for {QPSK, QPSK}. OMA was used at TX: (a) throughput performance and (b) detection probability
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Figure 2. Simulation results of different detection algorithms for {16QAM, QPSK}. OMA was used at TX: (a) throughput performance and (b) detection probability
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Figure 3. Simulation results of different detection algorithms for {64QAM, QPSK}. OMA was used at TX: (a) throughput performance and (b) detection probability
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Figure 4. Simulation results of different detection algorithms for {QPSK, QPSK}. NOMA was used at TX: (a) throughput performance and (b) detection probability
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Figure 5. Simulation results of different detection algorithms for {16QAM, QPSK}. NOMA was used at TX: (a) throughput performance and (b) detection probability
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Figure 6. Simulation results of different detection algorithms for {64QAM, QPSK}. NOMA was used at TX: (a) throughput performance and (b) detection probability
Based on the results, we have the following observations:

1. Max-log tends to bias to OMA, while sum-exp is relatively fairer. The bias of OMA comes from the term 
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. Note that the complexity of sum-exp is far higher than max-log due to non-linear exponential and log functions.
2. The detection rate does not depending on the coderate, but only on the detection algorithm as well as the modulation combination. Therefore, within the same modulation order, the MCS that has lower coderate will in general suffer larger degradation because it operates in lower SNR region in which the detection rate is also lower.

3. The degradation due to existence detection error is significant for either OMA to NOMA or NOMA to OMA. The reason can be explained through the structure of MUST category 2, in which the bits to be transmitted to near UE will be flipped according to the bits to far UE, as shown in Figure 7 where the bits of near UE are underlined. For an example, UE receives a signal y at the location shown in Figure 7. With QPSK UE will have high confidence that both bits are 00, but with 16QAM the bits are more likely to be 11. This mismatch will result in useless demapper output LLRs of coded bits. Thus the degradation is significant. In other words, the existence detection required a very high detection rate (almost 100%) to avoid the unacceptable throughput degradations.
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Figure 7. Constellations of (a) QPSK and (b) 16QAM.

4. Both max-log and sum-exp cannot achieve acceptable detection rate. And they both suffer significant throughput degradation, if the assistance information for interference existence is not signaled. 
Observations 1: The degradation due to existence detection error is significant for either OMA to NOMA or NOMA to OMA.

Observations 2: Both max-log and sum-exp cannot achieve acceptable detection rate.

Based on above observations, we think a signaling for interference existence is required. Although the evaluation is only conducted in MUST case 1, we believe that the conclusion can still be applied to MUST case 2. 
Proposal 1: Signaling for interference existence is required for MUST case 1 and 2. 

4
Summary 
In this paper, we evaluate the performance of blind detection on interference existence for MUST case 1. We provide the simulation assumption, detection algorithm and the simulation results. Based on the results, we have the following observations and proposal:
Observations 1: The degradation due to existence detection error is significant for either OMA to NOMA or NOMA to OMA.

Observations 2: Both max-log and sum-exp cannot achieve acceptable detection rate. 

Proposal 1: Signaling for interference existence is required for MUST case 1 and 2. 
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Appendix 
In this appendix, we provide the simulation results for different Number of bundled PRBs.

1. Detection algorithm: max-log

Since the detection rate given that OMA is used at TX side is already one, here we just provide the results given that NOMA was used. Figures A.1, A.2 and A.3 provide the throughput performance, and Figure A.4 provides detection rates, which depend only on the modulation combination. From the results, big gaps between genie and blind detection could still observed, especially in low SNR region. Even using 50 PRBs does not help completely mitigate the gap in all cases.
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Figure A.1. Throughput performance of max-log for {QPSK, QPSK}. NOMA was used at TX: (a) MCS#0, (b) MCS#5 and (c) MCS#9
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Figure A.2. Throughput performance of max-log for {16QAM, QPSK}. NOMA was used at TX: (a) MCS#10, (b) MCS#13 and (c) MCS#16
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Figure A.3. Throughput performance of max-log for {64QAM, QPSK}. NOMA was used at TX: (a) MCS#17, (b) MCS#23 and (c) MCS#27
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Figure A.4. Detection probability of max-log, when NOMA was used at TX: (a) {QPSK, QPSK}, (b) {16QAM, QPSK} and (c) {64QAM, QPSK}
1. Detection algorithm: sum-exp


Here we provide simulation results for both OMA and NOMA. Note that the complexity of sum-exp is far higher than max-log. Figures A.5, A.6 and A.7 provide the throughput performance for OMA with Figure A.8 providing the corresponding detection rates. Figures A.9, A.10 and A.11 provide the throughput performance for NOMA with the corresponding detection rates shown in Figure A.12. From the results in OMA, big gaps between genie and blind detection could still be observed, especially in low SNR region. Even using 50 PRBs does not help completely mitigate the gap in all cases. When NOMA was used, we can achieve closed-to-genie performance with bundled PRB number 6. 

Please note again that the complexity of sum-exp is far higher than max-log due to the needs of non-linear function exp(x) and ln(x).
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Figure A.5. Throughput performance of sum-exp for {QPSK, QPSK}. OMA was used at TX: (a) MCS#0, (b) MCS#5 and (c) MCS#9
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Figure A.6. Throughput performance of sum-exp for {16QAM, QPSK}. OMA was used at TX: (a) MCS#10, (b) MCS#13 and (c) MCS#16
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Figure A.7. Throughput performance of sum-exp for {64QAM, QPSK}. OMA was used at TX: (a) MCS#17, (b) MCS#23 and (c) MCS#27
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Figure A.8. Detection probability of sum-exp, when OMA was used at TX: (a) {QPSK, QPSK}, (b) {16QAM, QPSK} and (c) {64QAM, QPSK}
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Figure A.9. Throughput performance of sum-exp for {QPSK, QPSK}. NOMA was used at TX: (a) MCS#0, (b) MCS#5 and (c) MCS#9
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Figure A.10. Throughput performance of sum-exp for {16QAM, QPSK}. NOMA was used at TX: (a) MCS#10, (b) MCS#13 and (c) MCS#16
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Figure A.11. Throughput performance of sum-exp for {64QAM, QPSK}. NOMA was used at TX: (a) MCS#17, (b) MCS#23 and (c) MCS#27
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Figure A.12. Detection probability of sum-exp, when NOMA was used at TX: (a) {QPSK, QPSK}, (b) {16QAM, QPSK} and (c) {64QAM, QPSK}
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