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Discussion 
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 last meeting, we provided a study [5] on the power ratio blind detection in MUST case 1  for 1-layer CRS-based TM. In this paper, we re-submit the updated results according to the newly agreed WF [6] and extend the evaluations to 2-layer cases. 
2
Problem Formulation and Detection Algorithm
In this section, the detection problem and an algorithm are discussed in order to provide a common reference for RAN4 discussion. The algorithm will be very similar to that provided in another our paper on the existence blind detection [4]. Here we consider a simple model
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where 
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 is the received signal on a PDSCH RE, 
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 is the channel, 
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 is the transmitted symbol to the near UE, and 
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 is the complex AWGN. For simplicity, we consider single transmit antenna, single receive antenna and single layer in this algorithm discussion. 

The transmitted symbol 
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 is chosen uniformly from a constellation 
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. 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 UEs as well as the chosen power ratio 
[image: image8.wmf]a

, which is the ratio of power shared by the far UE. In all following evaluations, we adapt the subset of power ratios suggested in WF [7]:

1. When MODN = QPSK, 
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2. When MODN = 16QAM, 
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3. When MODN = 64QAM, 
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In the case of multiple power ratios, e.g., 
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, we will have different constellations, e.g.,  
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, where 
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 is the constellation resulted from 
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. Note that the values 0.8, 0.7619 and 0.7529 are those power ratios that lead to legacy constellations.
The power ratio detection problem is in fact a constellation detection problem for the near UE. The near UE needs to distinguish between the different constellations based on the received signal 
[image: image16.wmf]y

. Here, we adopt similar algorithm as in [4], which determines the modulation based on the likelihood functions of different constellations. The log-likelihood of constellation 
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c

 can be calculated as
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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. Then decision will be made according to 
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Note that the LLF can be calculated based all observations of 
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 in a group of PRBs, although we use a single 
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 during the derivation. 
In this paper, we only focus on the blind detection on power ratio. The blind detection for interference existence is not considered. Actually, if neither power ratios nor existence is signaled, then UE needs to perform blind detection on both. In other words, with N levels of power ratios, there are total N+1 hypotheses that UE needs to take into account. According our paper [4], the signaling on interference existence is always needed. Thus, here we discuss power ratio blind detection based on the assumption that UE already knows that the interference exists.
3
Simulation Assumptions, Results and Observations
In this section, we provide simulation results based on the simulation assumption agreed in [6]. There are also some parameters that may have impact on the detection performance, e.g., the number of PRB used to make one decision 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, 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.

In Figures 1 to 6, we plotted the 1-layer and 2-layer results for different number of bundled PRBs to make one decision. Sub-figures (a) are the throughput performance, (b) are the detection rates, and (c) provide the throughput ratio of blind detection over genie information. During the simulation, only the power ratio 0.85 is actually used at the TX side. For MCS#0, we can see the detection rate is not perfect, but the throughput degradation due to erroneous detection is trivial. This shows that QPSK is very robust to power ratio detection error. The curves of 16QAM show similar property, but we can start to see some degradation. This degradation gets larger in 64QAM. 
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(a)                         (b)                         (c)

Figure 1. Simulation results for 1-layer MCS#0: (a) throughputs, (b) detection rate and (c) throughput ratio 
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Figure 2. Simulation results for 1-layer MCS#10: (a) throughputs, (b) detection rate and (c) throughput ratio
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Figure 3. Simulation results for 1-layer MCS#17: (a) throughputs, (b) detection rate and (c) throughput ratio
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(a)                         (b)                         (c)

Figure 4. Simulation results for 2-layer MCS#0: (a) throughputs, (b) detection rate and (c) throughput ratio 
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Figure 5. Simulation results for 2-layer MCS#10: (a) throughputs, (b) detection rate and (c) throughput ratio
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Figure 6. Simulation results for 2-layer MCS#17: (a) throughputs, (b) detection rate and (c) throughput ratio

Since the amount of degradation varies with SNR, we need a clear and simple rule to determining the feasibility. In sub-figures (a), we draw legend-less dot line to indicate the throughput of 10% BLER. The intention of considering 10% BLER 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 leading to 10% BLER. Therefore it makes sense to study the degradation due to blind detection error at 10% BLER of the genie case. 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. Therefore, we propose to use the throughput degradation at the SNR that achieves 10% BLER under genie information as the metric for determining the feasibility of power ratio blind detection.

Proposal 1: Use the throughput degradation at the SNR that achieves 10% BLER under ideal information as the metric for determining the feasibility of power ratio blind detection.
In Table 2, we provide a summary of the SNRs and the corresponding degradation in throughput ratio. 

Table 2
SNRs that achieves 10% BLER and the corresponding throughput ratio 
	# of layer
	MCS of near UE
	SNR to achieve BLER 10% (dB) in genie case
	Ratio of throughput degradation

	1
	0
	3
	
	<1%

	
	10
	12.5
	1, 3, 6 PRBs: 
	2.5%

	
	
	
	50 PRBs: 
	5%

	
	17
	19
	1, 3, 6 PRBs: 
	20%

	
	
	
	50 PRBs: 
	4%

	2
	0
	8.5
	
	<1%

	
	10
	19.5
	1, 3, 6 PRBs: 
	3%

	
	
	
	50 PRBs: 
	2%

	
	17
	28
	1, 3, 6 PRBs: 
	10~15%

	
	
	
	50 PRBs: 
	<1%


From Table 2, we can see very trivial degradation in MCS#0. There are some degradation (<5%) in MCS#10. Large degradation is observed in MCS#17, except for 50 PRBs. Note that the MCS level we use is the lowest one of each modulation order. When we choose a higher MCS, the operating SNR point will be increase and thus the detection rate will get better, leading to a smaller degradation. Therefore, the summary in Table 2 can be regarded as the worst case performance. Furthermore, since it is not possible to restrict 50-PRB resource allocation for all UEs in MUST, we prefer to preclude the observation of 50-PRB cases into the conclusion. 
Observation 1: The worst throughput degradation due to blind detection on power ratio is

· < 1% in QPSK,

· < 5% in 16QAM, and

· 10~20% in 64QAM. 

Proposal 2: Sent a reply LS to RAN1 with above observation.
Although the evaluation is only conducted in TM4 in MUST case 1, we believe that the conclusion is no problem to be applied to other CRS-based TMs in MUST case 1 and MUST case 2.
4
Summary 
In this paper, we evaluate the performance of blind detection on power ratio for MUST cases 1&2. We provide the simulation assumption, detection algorithm and the simulation results. Based on the results, we have the following observations and proposal:

Proposal 1: Use the throughput degradation at the SNR that achieves 10% BLER under ideal information as the metric for determining the feasibility of power ratio blind detection.
Observation 1: The worst throughput degradation due to blind detection on power ratio is

· < 1% in QPSK,

· < 5% in 16QAM, and

· 10~20% in 64QAM. 

Proposal 2: Sent a reply LS to RAN1 with above observation.
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