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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 [2][3]. In addition to [2], an LS [3] was sent from RAN1#85 meeting, providing more information to RAN4. A short summary about [3] for Case 1 and 2 has been provided in [4].
In this paper we try to provide the study of blind detection on both interference existence and power ratio in DMRS-based TM. The observations can be provided to RAN1 and help RAN1 on the corresponding discussion. 
2
Problem Formulation and Detection Algorithms
In this section, the detection problem and algorithms are discussed. It is important to first note that whether or not to support MUST case 1 in DMRS-based TM is under discussion in RAN1. Even assuming that DMRS-based TM will support MUST, it is still unclear that 

A. If both near and far UE will share the same DMRS port/sequence

B. If the DMRS port/sequence will be power scaled by power ratios. 
There could be various combinations to let near and far UE share the DMRS port/sequence and to have DMRS carry the power ratio. In this paper, we try to discuss below two options:

1. Near and far UEs share the same DMRS port(s)/sequence(s). In this case, whether the DMRS port/sequence is scaled by the power ratio is not important. For far UE, since it is restricted to QPSK, it is fine to have some power mismatch between the DMRS and its PDSCH. For near UE, this single DMRS is not able to provide enough information about the power ratio. This means that, without signaling, near UE can only detect the interference existence and power ratio based on PDSCH REs, which is exactly the same case as CRS-based TM. 

2. Near and far UEs do not share the same DMRS port/sequence, and their DMRS ports/sequences are power scaled by power rato. For an example, near UE is scheduled through port 7 which is power scaled by 
[image: image1.wmf]a
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, and far UE is scheduled through port 8 which is power scaled by 
[image: image2.wmf]a

. For both far and near UEs, the power is consistent between their DMRS and PDSCH. For near UE, both DMRS and PDSCH can be used for blind detection. Theoretically, it brings less impact to legacy UEs, e.g., legacy far UEs which still try to cancel any intra-cell interference, or NAICS UEs which are in neighboring cells and try to cancel the interference after blind detection via DMRS ports. However, this option increases the DMRS overhead. In OCC2 case, it is impossible to superpose two 2-layer UE together with orthogonal DMRS ports/sequences.
Since the first option is no different to the case in CRS-based TM, the conclusions in CRS-based TM [4][5] can be directly applied. In this paper, we will focus on the second option.

Observation 1. If near and far UEs share the same DMRS port(s)/sequence(s), the conclusions in CRS-based TM can be directly applied.

In the following, we assume same DMRS sequence is shared by near and far UEs, while port 7 is power scaled by 
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 for near UE, and port 8 is scaled by 
[image: image4.wmf]a

 for far UE. The near UE, after decoding the DCI, will by default perform DMRS channel estimation based on port 7. To perform blind detection, it will further need the received signals on port 8 and PDSCH REs. We denote the received signals from DMRS ports by 
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where 
[image: image6.wmf]i

y

, 
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 and 
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 are the received signal, channel, RS symbol and noise on port 
[image: image9.wmf]i

, respectively, and 
[image: image10.wmf]h

 is the channel. And we denote the received signals on PDSCH RE by (sub-script is removed here for simplicity)
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, which is the composite constellation when the power ratio 
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 is used, and 
[image: image14.wmf]n

 is the noise. Note that UE actually receives DMRS and PDSCH signals from multiple REs and multiple RX antennas, while here we just put the equations in scalar form.

Assuming that after DMRS channel estimation, we get the estimates of the channels
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where 
[image: image16.wmf]w

 stands for the residual noise after channel estimation. Now the problem is how UE detects the existence and/or power ratio based on the observations on DMRS ports 7, 8 and PDSCH. Theoretically, there should be various ways to solve this problem. Here we are not going to discuss all of them, but just pick the one based on the following problem formulation 
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and
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where the noise variances 
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 can be obtained after estimation. Note again that the detection is carried out based all observations of 
[image: image22.wmf]7

ˆ

h

, 
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 and 
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 in a group of PRBs, although we use scalars during the derivation. 
Since DMRS and PDSCH can be utilized by UE for blind detection, we can classify the detector into 3 types based on their inputs: DMRS only, PDSCH only and both. In other words, they are
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One thing to be mentioned here is that the detector 
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 is very similar to the max-log detector used in [5]. The difference is that in CRS-based TM UE can directly estimate 
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 (the one without power scaling) through CRS, but here UE has no idea about 
[image: image28.wmf]h

 before blind detection. Therefore, given different candidate 
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 values, UE will assume different 
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 by 
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in Eq.(2). These power normalizations will lead to additional calculation complexity. Therefore, the detector 
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 has higher complexity that the max-log detector in [5]. In the next section, we compare the detection performance of these 3 detectors.

3
Simulation Assumptions, Results and Observations
In this section, we provide the simulation results. One big difference from [4] and [5] is that here we consider the joint blind detection on interference existence and power ratio. We used 4 values of power ratio for all modulation level of near UE from the subset of power ratios suggested in WF [6]:

1. When MODN = QPSK, 
[image: image33.wmf]{

}

95

.

0

,

9

.

0

,

85

.

0

,

8

.

0

=

a


2. When MODN = 16QAM, 
[image: image34.wmf]{

}

95

.

0

,

9

.

0

,

85

.

0

,

7619

.

0

=

a


3. When MODN = 64QAM, 
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In the UE side, since there is no signaling about the interference existence, UE actually needs consider totally 5 hypotheses, including the case of OMA (
[image: image36.wmf]0
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).
The simulations were conducted based on the simulation assumption agreed in [7]. 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. The UE processing assumptions are captured in Table 1.

Table 1.
Near UE processing assumptions

	Parameter
	Value

	Number of bundled PRB used for making one decision
	1 [Note 1]

	Number of REs used in a PRB
	6 DMRS REs

20 PDSCH REs in average

	Detection algorithm
	Likelihood ratio testing (described in Section 2)

	Channel/noise estimation
	Non-ideal

	Demapper algorithm
	Reduced ML


Note 1: Since the detection rate is already good, we provide only the results when decision is made in each PRB independently and omit the results for different number of PRBs.
In Figures 1 to 3, we plotted the results when OMA (
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) was adopted at the transmitter for MCS#0, #10 and #17, respectively. Sub-figures (a) are the throughput performance and (b) are the detection rates. It turns out that the performances with blind detection of the 3 detectors are almost the same as that with genie information. There are two reasons for this: 

1) 
Detector 
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 has a bias to OMA, as we already discussed in [4], and 

2)
Detection performance of 
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 is good. Unlike PDSCH, DMRS are known QPSK signals, which obviously can lead to better detection performance. In Figures 1 to 3, the detection rate of 
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 monotonically increases with SNR. We only observe some performance degradation at low SNR region. When the SNR gets higher, e.g., more than 0 dB, the detection rate approaches 100% already.
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Figure 1. Simulation results for MCS#0 when OMA (
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) was transmitted: (a) throughputs and (b) detection rate
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Figure 2. Simulation results for MCS#10 when OMA (
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) was transmitted: (a) throughputs and (b) detection rate
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Figure 3. Simulation results for MCS#17 when OMA (
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) was transmitted: (a) throughputs and (b) detection rate

In Figures 4 to 6, we plotted the results when NOMA (
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) was used at the transmitter for MCS#0, #10 and #17, respectively. Sub-figures (a) are the throughput performance, (b) are the detection rates for 
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, and (c) are the probability that OMA was detected. In addition, we denote 
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 the event that OMA was detected and 
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 the corresponding probability. 
In Figures 4 and 5, since we already know (from [5]) that QPSK and 16QAM are robust to power ratio detection error, the performances are generally dominated by 
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. Thus, the detector 
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, which achieves the lowest 
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 (although not the best detection rate), has the best throughput performance. We can still observe some performance gap between 
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 and genie in Figure 4(a) due to non-zero 
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 at SNR < 10 dB. 

In Figure 6, 64QAM is sensitive to not only 
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, but also the power ratio detection error. Thus, although 
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 is almost zero, we can still observe some performance degradation on 
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 in Figure 6(a) due to the non-perfect detection rate.
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Figure 4. Simulation results for MCS#0 when NOMA (
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) was transmitted: (a) throughputs, (b) detection rate and (c) the probability that OMA was detected 
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Figure 5. Simulation results for MCS#0 when NOMA (
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) was transmitted: (a) throughputs, (b) detection rate and (c) the probability that OMA was detected
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Figure 6. Simulation results for MCS#0 when NOMA (
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) was transmitted: (a) throughputs, (b) detection rate and (c) the probability that OMA was detected
Based on above simulation results, we have the following observations: When near and far UEs do not share the same DMRS port/sequence and their DMRSs are power scaled by the power ratios:

1. The detector 
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 is good at detecting between OMA and NOMA, but not good at detecting the detail power ratio. Thus, for those modulations that are sensitive to power ratio detection errors, e.g., 64QAM, some degradation can be expected.

2. Using PDSCH together with DMRS for detection does not guarantee a better performance that using DMRS only, because 
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 has a strong bias to OMA.

3. UE needs to pay additional complexity in detection interference existence and power ratio.  

Observation 2: If near and far UEs do not share the same DMRS port/sequence, and their DMRSs are power scaled by their own power ratios 
· Using only DMRS is good at distinguishing OMA and NOMA, but not good at detecting the correct power ratio. Thus, for those modulations that are sensitive to power ratio detection errors, e.g., 64QAM, some degradation can be expected. 
· Using PDSCH together with DMRS for detection does not guarantee a better performance that using DMRS only.

Observation 3: UE needs to pay additional complexity in detecting interference existence and power ratio.

Proposal 1: Send a reply LS to RAN1 with above observation.
4
Summary 
In this paper, we evaluate the performance of blind detection on interference existence and power ratio for MUST cases 1 in DMRS-based TMs. We provide the simulation assumption, detection algorithms and the simulation results. Based on the results, we have the following observations and proposal:

Observation 1. If near and far UEs share the same DMRS port(s)/sequence(s), the conclusions in CRS-based TM can be directly applied.

Observation 2: If near and far UEs do not share the same DMRS port/sequence, and their DMRSs are power scaled by their own power ratios 
· Using only DMRS is good at distinguishing OMA and NOMA, but not good at detecting the correct power ratio. Thus, for those modulations that are sensitive to power ratio detection errors, e.g., 64QAM, some degradation can be expected. 
· Using PDSCH together with DMRS for detection does not guarantee a better performance that using DMRS only.

Observation 3: UE needs to pay additional complexity in detecting interference existence and power ratio.
Proposal 1: Sent a reply LS to RAN1 with above observation.
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