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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 1st issue. We provide evaluation results which compare the performance when intra-cell interference is scheduled through orthogonal or non-orthogonal DMRS.
2
Problem Formulation and Detection Algorithms
Without loss of generality, we assume a target UE in TM9 is scheduled at port 7 with the DMRS scrambling sequence seeded by cell ID and n_scid=0. With orthogonal DMRS, the interference UE is scheduled through the same DMRS scrambling sequence, but at a different port. In OCC-2 case, only port 8 is possible, while in OCC-4 case, ports 7, 11 and 13 are possible. On the other hand, non-orthogonal DMRS means the interfering UE is scheduled through a different DMRS scrambling sequence at an arbitrary port. Once the scrambling sequences are different, the orthogonality between these two reference signals no longer hold, no matter which ports (among 7, 8, 11 and 13) they are located.
Theoretically, scheduling two UEs through non-orthogonal DMRS’s would degrade the channel and noise estimation quality of both UEs. Since the channel and noise estimation outputs will be then fed to demapper for LLR calculation, such degradations will bring certain performance impact on UE demodulation. One of the goals of this paper is to indentify this impact. 

3
Simulation Assumptions, Results and Observations
Simulation assumption was agreed in the last RAN4 meeting [4]. The details about the DMRS part are provided in Table 1. In our simulation, we generally follow the assumptions. Differences are marked in red. One more thing to be noted here is that the MIMO correlations used in 4Tx and 8Tx cases are different. This will leads to some difference, which will be explained later.
Table 1 Simulation Assumptions
	Parameter for target UE 
	Value 

	Bandwidth 
	10MHz 

	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 
	Baseline: 50 

	Rank 
	Baseline: 1 

	HARQ 
	Disabled 

	Number of PRB used for one decision 
	1

	Channel/noise estimation 
	Non-ideal 

	Frame structure 
	FDD 

	Antenna configuration 
	4x2 ULA low correlation

8x2 Xpol high correlation 

	Cell-specific reference signals 
	Antenna ports 0,1, 2, 3 

	Transmission mode 
	TM9 

	Number of interference UEs 
	OCC-2 

	Resource allocation of interference UE 
	Full band 

	MCS of target UE 
	MCS#0, 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 with granularity of 1 subframe. 

	TX EVM 
	6% 

	Parameters to be blindly detected or signaled 
	All parameters are perfectly known 


We will first investigate the performance assuming that ideal information about interference parameters (existence and modulation order) is available. The reason for starting with this assumption is that: if unacceptable performance degradation due to non-orthogonal DMRS is observed under this ideal case, then the performance under blind detection could only be even worse. 
Figures 1, 2 and 3 compare the performance between orthogonal and non-orthogonal DMRS in both 4Tx and 8Tx when target UE is MCS#0, MCS#10 and MCS#17, respectively. Sub-figures (a), (b) and (c) are used to present the results for different modulation order used by the interference.
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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
[image: image2.png]Throughput(Mbps)

T3, 10MHz, EVAS, target UE MCS#0, interference QPSK.

T3, 10MHz, EVAS, target UE MCS#0, interference 16QAM

T3, 10MHz, EVAS, target UE MCS#0, interference B4QAM

—+— 4Tx, onthoganal
—8— 4Tx, norv-orthogonal |
—e—&Tx, orthoganal

——8Tx, norv-othogonal

SNR{dE]

10 15

Throughput(Mbps)

SNR{dE]

—+— 4Tx, onthoganal
—8— 4Tx, nor-othogonal
—e—&Tx, orthoganal

——8Tx, norv-othogonal

10 15

Throughput(Mbps)

—+— 4Tx, onthoganal
—8— 4Tx, nor-othogonal
—e—&Tx, orthoganal

——8Tx, norv-othogonal

SNR{dE]





 (a)                         (b)                        (c)
Figure 2. Throughput performance for target UE MCS#10 with co-scheduled interference modulation: (a) QPSK, (b) 16QAM and (c) 64QAM
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Figure 3. Throughput performance for target UE MCS#17 with co-scheduled interference modulation: (a) QPSK, (b) 16QAM and (c) 64QAM

Some observations can be drawn from above figures:

1. Degradation due non-orthogonal DMRS can be observed in all cases. The degradation is small when target UE is QPSK, but very big when 64QAM. 

2. Degradation due non-orthogonal DMRS is smaller in 8TX case than that in 4TX case. There are two reasons jointly contribute to this result
i. We use Xpol high correlation in 8Tx and ULA low correlation in 4Tx

ii. We follow the precoder suggested by the target UE, but use random precoder on the interference

With high correlation, the PMI reported by the target UE is very consistent (if we ignore beamsteering). Only a few precoders will be selected by target UE’s CSI report, resulting a very strong precoding gain. For the interfering UE, a random precoder was picked among the 256-1=255 remaining precoders. Therefore, it is possible that we select some precoders that lead very weak (or even negative in dB) precoding gain to the target UE which now observe only trivial interference. When this happens, a good spatial separation between the two co-scheduled UEs is created, and the performance gap between orthogonal and non-orthogonal DMRS becomes very small. 
To justify the 2nd observation, we conducted another simulation. We follow the same simulation assumptions in Table 1, except

a. The MIMO correlation is ULA high for 8Tx

b. Beamsteering is disabled.

c. A fixed precoder for target UE: i1=0, i2=0. W=[1 1 1 1 1 1 1 1]T
d. A fixed precoder for the interfering UE: i1=8, i2=0. W=[1 -1 1 -1 1 -1 1 -1]T
The intention of this setting is to try to create good spatial separation between these two UEs, and then compare again the performance of orthogonal and non-orthogonal DMRS. Figures 4(a) and 4(b) provide the simulation results when target UE is scheduled with MCS#10 and MCS#17, respectively. Since we already showed that QPSK is relatively robust in Figure 1, we omit the evaluation for MCS#0 here. The modulation of interfering UE is limited to 16QAM for simplicity. In each sub-figure, we compare not only orthogonal and non-orthogonal DMRS, but also 2 different UE receiver types: R-ML receiver with genie information and MRC receiver. The MRC receiver simply ignores all intra-cell interference without any suppression, blind detection and/or cancellation. 
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  (a)                                         (b) 
Figure 4. Throughput performance for orthogonal and non-orthogonal DMRS with Genie R-ML and MRC receivers: (a) target UE MCS#10 and (b) target UE MCS#17

As we can see from Figure 4, orthogonal and non-orthogonal DMRS have the same performance. Since we have created a very good spatial separation between these two UE, their channel and noise estimation quality will not be degraded by non-orthogonal DMRS. Moreover, the 2 receiver types have the same performance. Actually, these 2 UEs can hardly see each other either on DMRS REs or on PDSCH REs. In this case, UE needs to do nothing handling the interference. Note that this simulation just took one extreme setting to demonstrate the effect of almost perfect spatial separation. This may not be possible to be re-produced in real cellular environment. However, the network can still try to minimize the mutual interference of two UEs, in order to achieve similar performance.
Jointly considering the simulation results in Figures 1 to 4, we can draw the following conclusions:

Observation 1: Without sufficient spatial separation of 2 co-scheduled UEs, the performance loss brought by scheduling interference through non-orthogonal DMRS port is significant, even with ideal interference information for interference cancellation. 
Observation 2: With sufficient spatial separation of 2 co-scheduled UEs, UE is not required to cancel or suppress the interference.
In our opinion, we think network is still allowed to schedule two UE through non-orthogonal DMRS, if network can guarantee sufficient spatial separation. This is more possible to be achieved in TDD case, where network can select proper precoders for the 2 UEs based on the knowledge of their DL channels. With a proper scheduling of the DMRS port/sequence, UE is not expected to cancel or suppress any interference on non-orthogonal DMRS ports. 
Proposal: UE is not expected to cancel any interference on non-orthogonal DMRS ports. 

4
Summary 
In this paper, we investigate the performance when intra-cell interference is scheduled through orthogonal and non-orthogonal DMRS. Based on the evaluation results, we have the following conclusions:
Observation 1: Without sufficient spatial separation of 2 co-scheduled UEs, the performance loss brought by scheduling interference through non-orthogonal DMRS port is significant, even with ideal interference information for interference cancellation. 
Observation 2: With sufficient spatial separation of 2 co-scheduled UEs, UE is not required to cancel or suppress the interference.
Proposal: UE is not expected to cancel any interference on non-orthogonal DMRS ports. 
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