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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. 
In this paper, we study the feasibility of blind detection for MUST Case 3 in CRS-based TM. Evaluation results and observations are provided in this document to be a reference for RAN1 in further corresponding discussion.
2
Simulation Assumptions
In this document, the feasibility of blind detection for parameters intra-cell interference existence, precoder, and modulation order are discussed. For modulation order detection, the detail of detection algorithm is in [5]. In brief, a likelihood based algorithm is used at PDSCH REs to find interference modulation order. The detections of interference existence and precoder are considered jointly. A likelihood based algorithm is employed with the assumption that the transmit symbols are Gaussian random variables in order to decouple the interference modulation detection problem, i.e.,
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 is received signal from PDSCH, 
[image: image3.wmf]i

W

 is the candidate of interference’s precoder and 
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 is the channel. Note that “no interference” could be taken as one of precoder hypothesis, e.g., 
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 has zeros on all its entries. Please be noted that, if transmission mode 5 (TM5) is considered, then target user can know intra-cell interference existence through DCI, and interference existence detection is not required. However, target user still needs to detect both interference precoder and modulation in TM5 if interference cancellation is applied.
In this work, target user would enable interference cancellation in decoding process if intra-cell interference is detected as existed. Upon no interference detected, target user would fall back to MRC receiver. Note that IRC receiver is not considered here, because the interference covariance matrix is not possible to be estimated through CRS. It could be expected that the penalty of interference existence detection error for target user would be high because of incorrect assumption on the power of its precoder. For an example, when MU-MIMO is utilized at transmitter side, only half of transmitted power is intended for target user. However, target user assumes full transmit power because the interference existence is not detected successfully. And this misunderstanding may lead to decoding failure.
In last RAN4 meeting, simulation parameters for Case 3 blind detection evaluations were agreed in [4]. Table 1 lists our simulation assumptions. The differences from assumptions in [4] are highlighted in red. Results for 2TX and 4TX scenarios are both provided in this work.
Table 1. Simulation assumptions for MUST Case 3 in CRS mode

	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 and precoder detection: ¼ PDSCH RE samples among 1 PRB pair
Modulation order detection: all PDSCH REs

	Channel/noise estimation 
	Non-ideal 

	Demapper algorithm 
	Reduced ML 

	Antenna configuration 
	2TX: 2x2 ULA low correlation

4TX: 4x2 ULA low correlation

	Cell-specific reference signals 
	2TX: antenna ports 0, 1

4TX: antenna ports 0, 1, 2, 3 

	Transmission mode 
	TM4

	Number of interference UEs 
	1

	Resource allocation of interference UE 
	Full band 

	MCS of target UE 
	MCS#0, MCS#10, MCS#17 (Note 1)

	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 
	Intra-cell interference existence, preocder and modulation order 

	Note 1: MCS#17 is used for 64QAM in order to avoid EVM problem at high SNR.


3
Simulation Results and Observations
Figures 1-6 show the performance results of target user when the co-scheduled interference user is not present. Results for both 2TX and 4TX are provided, and target user is scheduled with MCS#0, #10 and #17 in Figures 1, 2 and 3 (or 4, 5 and 6), respectively. In Figures 1(a)-6(a), two curves are presented in each figure. The red curve is MRC receiver performance (with neither any assistance information nor any blind detection attempts), which can be treated as a performance upper bound in this scenario. The blue curve denoted as “Blind Detection” is the performance that target user would do interference parameter detection (and the corresponding cancellation). All parameters including interference existence, precoder and modulation order are detected independently in each PRB. For example, the PMI hypothesis set is {No_interference, #0, #2, #3}, if target user is scheduled with PMI#1 in 2TX case. However, the detected results of preocder and modulation order are meaningless because co-scheduled interference user is not transmitted by eNB. If existence is detected correctly by target user, then receiver would fall back to MRC receiver and perform correct decoding process in this PRB. Otherwise, target user would enable interference cancellation with meaningless detected precoder and modulation order. Figures 1(b)-6(b) show the probability that detector would detect each PRB as “No_interference”.
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Figures 1-3. Simulation results in 2TX case without co-scheduled interference. (a) Throughputs and (b) probability of no interference existence

	[image: image12.png]Target user (UE1) throughput [Mbps]

14

UET: MCS0

12

08

08

04

0z

—e—MRC
—e— Blind Detection

0
-10

W W oy
Total SNR [dB]

e

8 10



4-(a). #MCS0
	[image: image13.png]UE1: MCSD

10

0
Total SNR [48]

03

B9UEISINE BOUAIAUEII OU IO ‘G0ig




4-(b). #MCS0

	[image: image14.png]Target user (UET) throughput [Mbps]

UET: MCS10

—e—MRC
—e— Blind Detection

U a0 e e e e
Total SNR [48]




5-(a). #MCS10
	[image: image15.png]UET: MCS10

03

a0UBJsIXa BaUAIANAIUI OU J0 G0id

iz7a e e

10
Total SNR [d8]




5-(b). #MCS10

	[image: image16.png]‘Target user (UE1) throughput [Mbps]

14

12

10

UE1: MCS17

—e—MRC

—e— Blind Detection

11

13

T
Total SNR [4]

il

257

27 28




6-(a). #MCS17
	[image: image17.png]UE1: MC517

03

a0uajsixa BIUBIABIUI OU JO GO

TS e e e e e

11

Total SNR [4]




6-(b). #MCS17


Figures 4-6. Simulation results in 4TX case without co-scheduled interference. (a) Throughputs and (b) probability of no interference existence
In Figures 1-6, we can observe noticeable performance loss when blind detection is performed. And the degradation is bigger with larger target user modulation order, e.g., > 2dB SNR gap could be observed in 64QAM. This observation implies that the MUST-capable UE is possible to have a worse performance than legacy UE in SU-MIMO case because of the imperfect existence detection. It brings a big impact to the existing SU-MIMO mechanism because eNB may need to have two different algorithms in assigning the MCS to MUST-capable UEs and legacy UEs, even though the eNB merely wants to use SU-MIMO. If an eNB schedules MUST-capable UEs without changing its MCS determination algorithm, then the performance degradation for “Blind Detection” from MRC receiver is not tolerable. A solution to this problem is to make the interference existence signaled to users for MUST Case 3 in CRS based TMs.
Observation 1: Performance degradation is observed in legacy SU-MIMO scenario due to blind detection error.
Proposal 1: Interference existence should be signaled for MUST Case 3 in CRS-based TMs.

From above results, we observe that the interference existence signaling is required. In following subsection, we further study the feasibility of interference preocder and modulation order blind detection with interference existence information provided.
Figures 7-9 provide results for interference precoder and/or modulation order detections in 4TX scenario. Results for 2TX are attached in Appendix. In following simulations, the co-scheduled interference user is always present in every subframe. Because the interference existence is assumed to be known by target user, it would apply interference cancellation in decoding process by using detected interference precoder and/or modulation order. In Figures 7-9, target user has QPSK, 16QAM and 64QAM, respectively. And in subfigures (a)-(c), co-scheduled interference user is assigned with QPSK, 16QAM and 64QAM, respectively. There are four curves in each plot and the meanings of legends are listed below.

·  “Genie”: Existence, precoder and modulation order are all perfectly known.
·  “PMI BD”: Existence and modulation order are perfectly known, but precoder needs to be detected. Therefore, the number of precoder hypothesis in detector for 4TX scenario is 15.

·  “MOD BD”: Existence and precoder are perfectly known, but modulation order needs to be detected.

·  “PMI+MOD BD”: Only interference existence is known, both precoder and modulation order need to be detected.
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Figure 7-9. Throughput performance for target user MCS#0, #10 and #17 with co-scheduled interference modulation: (a) QPSK, (b) 16QAM and (c) 64QAM

According to Figures 7-9, throughput degradation can be observed for each performance curve with blind detection when compared to “Genie” performance. Especially, when target user has higher modulation order, e.g., 64QAM, the loss is more significant and maximum throughput could not be achieved due to non-zero detection error rate. Based on the results, we can also find that the precoder detection performance dominates the loss in “PMI+MOD BD”. In addition, when comparing the performance loss in Figure 7 with Figures 8 or 9, it can be observed that the performance is relatively robust in Figure 7, e.g., target user has QPSK. The detection performance increases with SNR. And since QPSK operates in lowest SNR region among these three modulation orders, the detection performance for QPSK is expected to be worst. However, from the simulation results, the degradation from “Genie” for target user with blind detection is smallest in QPSK. Based on this observation, we believe that the PDSCH decoding performance is not so sensitive to detection performance when target user has QPSK.
Table 2 summaries the performance degradation for different target- and interference- user modulation order combinations. Since the amount of degradation varies with SNR, a general rule is required to determine the feasibility of blind detection. In this paper, we propose to capture the degradation at the SNR point which achieves 10% BLER (or 90% throughput) of the ideal performance. The intention of considering 10% BLER is: Under closed-loop CQI feedback, eNB tries to assign MCS leading to BLER < 10% roughly, so the operating SNR point for each MCS should be roughly around the SNR corresponding to 10% BLER. Thus, it’s reasonable to study the degradation due to blind detection error at such SNR points. This degradation reflects the situation that eNB determines MCS assuming ideal detection performance, while detection error is possible at receiver when UE decodes PDSCH. The throughput degradation summarized in Table 2 is based on the SNR point corresponding to 10% BLER of performance with genie information, e.g., curve denoted as “Genie”, as the metric. And these degradations due to blind detection error can be captured in System-level simulations to reflect practical system gain in MUIC.
Table 2. Summary of performance degradation at the SNR point corresponding to 10% BLER of the performance with genie interference information
	
	Modulation combination

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

	
	
	Detecting precoder, signaling modulation
	Detecting modulation, signaling precoder
	Detecting both precoder and modulation

	4TX
	{QPSK, QPSK}
	2%
	2%
	4%

	
	{QPSK, 16QAM}
	2%
	2%
	4%

	
	{QPSK, 64QAM}
	2%
	2%
	4%

	
	{16QAM, QPSK}
	16%
	5%
	25%

	
	{16QAM, 16QAM}
	11%
	6%
	25%

	
	{16QAM, 64QAM}
	11%
	7%
	19%

	
	{64QAM, QPSK}
	60%
	21%
	76%

	
	{64QAM, 16QAM}
	47%
	18%
	58%

	
	{64QAM, 64QAM}
	47%
	13%
	56%

	2TX
	{QPSK, QPSK}
	< 1%
	2%
	5%

	
	{QPSK, 16QAM}
	1%
	3%
	5%

	
	{QPSK, 64QAM}
	< 1%
	3%
	5%

	
	{16QAM, QPSK}
	12%
	5%
	23%

	
	{16QAM, 16QAM}
	15%
	10%
	27%

	
	{16QAM, 64QAM}
	20%
	15%
	31%

	
	{64QAM, QPSK}
	32%
	26%
	59%

	
	{64QAM, 16QAM}
	35%
	15%
	47%

	
	{64QAM, 64QAM}
	43%
	18%
	49%


Proposal 2: Capture above performance degradation in Table 2 in the reply LS to RAN1

4
Summary 
In this paper, the feasibility of blind detection for MUST Case 3 in CRS-based TM is studied. The detections for interference existence, precoder and modulation order are all discussed. According to simulation results, we have following observations and proposals:
Observation 1: Performance degradation is observed in legacy SU-MIMO scenario due to blind detection error.

Proposal 1: Interference existence should be signaled for MUST Case 3 in CRS-based TMs.

Proposal 2: Capture above performance degradation in below Table in the reply LS to RAN1
	
	Modulation combination

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

	
	
	Detecting precoder, signaling modulation
	Detecting modulation, signaling precoder
	Detecting both precoder and modulation

	4TX
	{QPSK, QPSK}
	2%
	2%
	4%

	
	{QPSK, 16QAM}
	2%
	2%
	4%

	
	{QPSK, 64QAM}
	2%
	2%
	4%

	
	{16QAM, QPSK}
	16%
	5%
	25%

	
	{16QAM, 16QAM}
	11%
	6%
	25%

	
	{16QAM, 64QAM}
	11%
	7%
	19%

	
	{64QAM, QPSK}
	60%
	21%
	76%

	
	{64QAM, 16QAM}
	47%
	18%
	58%

	
	{64QAM, 64QAM}
	47%
	13%
	56%

	2TX
	{QPSK, QPSK}
	< 1%
	2%
	5%

	
	{QPSK, 16QAM}
	1%
	3%
	5%

	
	{QPSK, 64QAM}
	< 1%
	3%
	5%

	
	{16QAM, QPSK}
	12%
	5%
	23%

	
	{16QAM, 16QAM}
	15%
	10%
	27%

	
	{16QAM, 64QAM}
	20%
	15%
	31%

	
	{64QAM, QPSK}
	32%
	26%
	59%

	
	{64QAM, 16QAM}
	35%
	15%
	47%

	
	{64QAM, 64QAM}
	43%
	18%
	49%
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Appendix
In this Appendix, the performances of interference precoder and/or modulation order detection for 2TX scenario are provided. Simulation assumptions are listed in Table 1 in Section 2.

Figures A.1-3 show the results for interference precoder and/or modulation order detections in 2TX scenario. The co-scheduled user is always present in every subframe in simulations and the interference existence information is genie for target user. In Figures A.1-3, target user has QPSK, 16QAM, and 64QAM, respectively. And in subfigures (a)-(c), co-scheduled interference user is assigned with QPSK, 16QAM, and 64QAM, respectively. The detail explanation of figure legend can refer to Section 3.

Performance degradation of each case is summarized in Table 2 in Section 3.
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