3GPP TSG-RAN WG4 Meeting #80bis 	R4-167247
Ljubljana, Slovenia, 10-14 Oct 2016


Agenda item:	8.23.2
Source: 	Intel Corporation
Title: 	Discussion on MuST Case 3 CRS-TM parameter estimation
[bookmark: _GoBack]Document for:	Discussion
Introduction
In the last RAN4 meeting the WF [1] on the further study for MUST case 3 scenarios was agreed. This WF contains the following information:
· In RAN4#80 meeting, RAN4 has discussed the blind detection on MUST Case 3 for both CRS and DMRS-based TMs. It is agreed to further investigate the blind detection performance particularly in the following 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
· The throughput degradation at the SNR that achieves 10% BLER under ideal information is used as the metric for determining the feasibility of blind detection
· In CRS based-TMs, interference parameters to be studied are existence, precoder, modulation order
· R-ML receiver to be used when all parameters are signaled or detected
· Enhanced IRC receiver to be used when all parameters but modulation order are signaled or detected
· MRC to be used when none is signaled or detected
In the companion paper [2] we provide analysis for different type of receivers in case of all parameters of co-scheduled / interference UE are known. In this paper we analyze impact of different algorithms for co-scheduled UE parameters detection on MUST case 3 receiver performance.
Blind detection overview
In the paper [2], we have shown UE detector performance comparison of linear detectors and non-linear detectors.  Depending on UE awareness of interference existence and precoders, the UE can apply E-LMMSE-IRC. If the UE knows additional parameters (i.e. interference modulation format), then it can use R-ML. In consequence, depending on UE assumption of parameters and candidate detectors, RAN4 will result in making different signalling and performance requirements. 
Proposal 1: Depending on baseline detector type, parameter estimation requirements appear differently. In order to make conclusion on blind detection feasibility, RAN4 need to align views on a baseline receiver.
From simulation observations in [2], E-LMMSE-IRC shows fairly competitive performance to R-ML in most of cases. R-ML gains are shown in limited cases such when serving UE modulation order is high, and co-scheduled UE modulation order is low, and when MU precoders are non-orthogonal. We evaluate blind detection feasibility performance on each of E-LMMSE-IRC and R-ML. We evaluate blind detection feasibility as bullets below
· Co-scheduled UE existence detection feasibility
· Precoder blind detection for E-LMMSE-IRC
· Precoder and modulation order blind detection for R-ML 

Blind Parameter Detection Algorithms
In this section we provide the brief information about methods for interference UE parameters detection. The analysis of interference UE parameters blind detection is done under the following assumptions:· Maximum number of co-scheduled UEs: = 2 (1 serving UE + 1 interference UE).
· Maximum number of layers per UE: 1
· Precoder matrices of co-scheduled UEs are not identical.
· Signal for interference UE can have QPSK, 16QAM or 64QAM modulation format. 256QAM is not considered.
· Granularity of all interference UE parameters detection: 1PRB.



In general different implementation methods can be applied for the interference parameters detection. Below, we provide a description of the possible blind detection approaches that can be applied at the UE side for the detection of MUST Case 3 signal parameters for CRS-based TMs.

Method #1: RX signal covariance matrix based detection
The co-scheduled UE signal existence (presence) and precoder can be detected using receive signal covariance matrix processing via multi-hypothesis testing. In particular, UE can reconstruct the receive signal covariance matrices under various RX signal hypothesis and compare it against the actual receive signal covariance matrix estimated on the data REs. For the detection, we compare covariance matrices based on Euclidean distance. When a received signal is given as

,
An UE can make the following hypothesis :
· 
Hypothesis on SU-MIMO, precoder      where i=0
· 
Hypothesis on MU-MIMO + Precoder   where i=1,…, N 

where N is the number of precoders. With hypothesis above, an UE can reconstruct a covariance matrix of , and select the hypothesis with the minimum mismatch vs estimated RX signal covariance matrix

.

Method 2: ML based parameters detection
Alternatively, the interference parameters can be detected using ML principles. In particular, such method can be applied for the joint detection of signal presence, precoding vector and modulation format. The main principle of ML based algorithm is estimate probability of receive signal for different transmit parameters hypothesis and find the hypothesis which provides the maximum of this probability:




 is modulation format of interference signals (based on our assumptions.

Method 3: Hybrid detection method
Finally, method-1 and -2 can be combined. The interference signal presence and precoder can be detected using the covariance matrix. Once these parameters are detected, the modulation format can be further detected using ML based method-2 under assumption of known signal presence and precoder.
The method-1 and -2 are applicable for E-LMMSE-IRC receiver, and method-2 and -3 are applicable for R-ML receiver which requires information on the signal modulation format.
Table 1 shows the number of blind detection hypothesis for different detection methods. For modulation format detection 3 hypothesis are assumed (i.e. QPSK, 16QAM, 64QAM). The number of candidates for precoder and existence detection is equal to 4 for scenarios with 2 TX antennas and 16 for scenarios with 4 TX antenna.
[bookmark: _Ref462225017]Table 1. Number of blind detection hypothesis
	
	# of candidates for covariance matrix based approach
	# of candidates for ML based approach
	Total number of candidates

	
	2 TX
	4 TX
	2 TX
	4 TX
	2 TX
	4 TX

	Method #1
	4
	16
	0
	0
	4
	16

	Method #2
	0
	0
	10
	46
	10
	46

	Method #3
	4
	16
	3
	3
	7
	19



We apply the three methods for performance evaluation, but UE implementation complexity must be taken into account together. In scenarios with 4 TX antennas, ML based UE parameters blind detection leads to high implementation complexity due to high number of precoder hypothesis. 

Proposal 2: UE implementation complexity must be taken into account together for blind detection feasibility evaluation. Full ML search is not realistic.

Like method-3, trade-off algorithm between complexity and performance is possible. In method-3, accuracy of covariance matrix is very important to obtain effective performances. Since TM4 utilizes more various set of PMI codebook for spatial multiplexing up to 4-layers, it causes significant blind detection challenges comparing to TM5.  Potentially, TM4 provides more various usecase than TM5 MU usecases, which may be beneficial to network but may cause much challenges to UE design. Then, it leads to UE venders’ concern on both estimation inaccuracy and complexity issues from the TM4 MU usecase. For example, a TM4 UE may be assigned on 2-MMO layers for each co-scheduled UE, which makes parameter estimation more infeasible. Although it may be acceptable to let a network utilize various spatial multiplexing and multi-user MIMO schemes, UE over-design concern at a cost of network benefit should be properly handled. In order to prevent UE overdesign, we propose to consider restricting TM4 MU usecases. For instance, RAN4 may be able to make consensus such that one UE is assigned on 1-MIMO layer in the TM4-MU mode. Also, restriction on the number of MU UEs is also considerable.

Proposal  3 : Potentially, TM4 MU provides more various usecase than TM5 MU usecases associated with the number of MIMO layers and SU/MU.  In order to prevent UE overdesign, consider restricting TM4 MU usecases. (i.e. one UE on 1-MIMO layer )

Parameter Estimation Performance Analysis
In this section we provide performance analysis of interference UE parameters blind detection on the following scenarios:
· SU-MIMO scenarios: Investigate impact from SU to MU detection error.
· MU-MIMO scenarios : Investigate impact of interference UE parameters detection error
The analysis is provided for the case of random precoding model for the co-scheduled UE. As mentioned in the companion paper, such assumption may be not completely justified and hence such analysis provides an upper-bound estimate of the achievable MUST Case 3 performance.

Blind Existence Detection
As the initial step, we analyze interference UE existence blind detection impact on SU-MIMO UE performance. For this analysis we consider two types of receivers:
· LMMSE-IRC with CRS-based interference covariance matrix estimation
· E-LMMSE-IRC with interference UE existence blind detection using Method 1. In case of absence of co-scheduled UE is detected the Baseline LMMSE-IRC receiver (i.e. CRS based) is applied. In other cases E-LMMSE-IRC with detected interference UE parameters is used.
In Figure 1, we provide link level simulation results for SU-MIMO scenarios. In Figure 2 the accuracy of interference UE existence detection is shown. The detailed link level simulation assumptions are presented in Annex A.
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	[bookmark: _Ref462672005]Figure 1. SU-MIMO scenarios. Interference UE parameters blind detection impact.
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	[bookmark: _Ref462672199]Figure 2. SU-MIMO scenarios. Co-scheduled UE existence detection error rate.



Observation 1: When applying blind existence detection with reasonable computation complexity, substantial SU-MIMO performance degradation (1-2 dB) is observed due to UE blind detection fails.

Existence and Precoder Detection for E-LMMSE-IRC receiver
In Figures 3-5 provide link level performance analysis for scenarios with target UE MCS 5, MCS 10 and MCS 17, respectively, in case of using E-LMMSE-IRC receiver. In Figure 6 we show the results with analysis of reliability of co-scheduled UE parameters blind detection. The following blind detection algorithms are considered:
· Blind algorithm #1: ML based interference presence and precoder detection.
· Blind algorithm #2: Covariance matrix based interference presence and precoder detection.
· Blind algorithm #3: Covariance matrix based interference precoder detection. Signal presence is known.
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	[bookmark: _Ref461969906]Figure 3. MUST case 3 performance. Blind detection impact on E-LMMSE-IRC receiver. 
Target UE – MCS 5.
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	[bookmark: _Ref461969909]Figure 4. MUST case 3 performance. Blind detection impact on E-LMMSE-IRC receiver. 
Target UE – MCS 10.
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	Figure 5. MUST case 3 performance. Blind detection impact on E-LMMSE-IRC receiver. 
Target UE – MCS 17.
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	Figure 6. MUST case 3 performance. Detection reliability.


Observation 2: If E-LMMSE-IRC receiver is adopted,
· Interference UE existence signalling is effective to sustain good performance. 
· Assuming interference existence is signaled, the blind precoder detection with reasonable complexity (algorithm 3) gives relative performances degradation (1~2dB) comparing to genie parameter case.

Existence, Precoder and Modulation Detections for RML receiver
In Figure 7, Figure 8 and Figure 9 we provide link level performance analysis for scenarios with target UE MCS 5, MCS 10 and MCS 17 respectively in case of R-ML receiver is used as reference. In this analysis we consider the following blind detection approaches
· Blind algorithm #1: ML based existence, precoder and modulation format detection.
· Blind algorithm #2: Covariance matrix based existence and precoder detection. ML based modulation format detection.
· Blind algorithm #3: Covariance matrix based precoder detection. Existence is known. ML based modulation format detection.
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Interference UE – QPSK.
	[image: ]
Interference UE – 16QAM.

	[bookmark: _Ref462064996]Figure 7. MUST case 3 performance. Blind detection impact on R-ML receiver. Target UE – MCS 5.
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Interference UE – QPSK.
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Interference UE – 16QAM.

	[bookmark: _Ref462064998]Figure 8. MUST case 3 performance. Blind detection impact on R-ML receiver. Target UE – MCS 10.



	[image: ]
Interference UE – QPSK.
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Interference UE – 16QAM.

	[bookmark: _Ref462064999]Figure 9. MUST case 3 performance. Blind detection impact on R-ML receiver. Target UE – MCS 17.



Observation 3: If R-ML receiver is adopted,
· Interference UE existence signalling is effective to sustain good performance. 
· Assuming interference existence is signaled, the blind precoder/modulation detection with reasonable complexity (algorithm 3) makes similar or better performances comparing to E-LMMSE-IRC detector.
· Noticeable benefit of R-ML is shown when interference UE utilizes QPSK.

In summery from observations, we conclude proposals.
Proposal 4: Propose to adopt E-LMMSE-IRC as a baseline receiver
· Existence signalling of MU UE is required to preserve robust performances.
· For CRS-TMs, precoder signaling gives extra performance gain (~2dB) comparing to blind detection. 
· Modulation order detection is up to UE implementation. 

Proposal 5: Alternatively, if R-ML is assumed as baseline RX, we prefer to get network signalling on existence, precoder and modulation orders.

Conclusions
In this paper, we analyze blind MU parameter estimation and detection performance on MUST case 3 receiver performance. We conclude our observation and proposals as below.

Proposal 1: Depending on baseline detector type, parameter estimation requirements appear differently. In order to make conclusion on blind detection feasibility, RAN4 need to align views on a baseline receiver.
Proposal 2: UE implementation complexity must be taken into account together for blind detection feasibility evaluation. Full ML search is not realistic.
Proposal 3: Potentially, TM4 MU provides more various usecase than TM5 MU usecases associated with the number of MIMO layers and SU/MU.  In order to prevent UE overdesign, consider restricting TM4 MU usecases. (i.e. one UE on 1-MIMO layer )
Observation 1: When applying blind existence detection with reasonable computation complexity, substantial SU-MIMO performance degradation (1-2 dB) is observed due to UE blind detection fails.

Observation 2: If E-LMMSE-IRC receiver is adopted,
· Interference UE existence signalling is effective to sustain good performance. 
· Assuming interference existence is signaled, the blind precoder detection with reasonable complexity (algorithm 3) gives relative performances degradation (1~2dB) comparing to genie parameter case.

Observation 3: If R-ML receiver is adopted,
· Interference UE existence signalling is effective to sustain good performance. 
· Assuming interference existence is signaled, the blind precoder/modulation detection with reasonable complexity (algorithm 3) makes similar or better performances comparing to E-LMMSE-IRC detector.
· Noticeable benefit of R-ML is shown when interference UE utilizes QPSK.

Proposal 4: Propose to adopt E-LMMSE-IRC as a baseline receiver
· Existence signalling of MU UE is required to preserve robust performances.
· For CRS-TMs, precoder signaling gives extra performance gain (~2dB) comparing to blind detection. 
· Modulation order detection is up to UE implementation. 

Proposal 5: Alternatively, if R-ML is assumed as baseline RX, we prefer to get network signalling on existence, precoder and modulation orders.
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Annex A – Simulation assumptions
Simulation assumptions are presented in Table 1.
[bookmark: _Ref462582662]Table 1. Link level simulation assumptions
	Parameter
	Value

	Bandwidth
	10MHz

	Frame structure
	FDD

	Cyclic prefix
	Normal

	Propagation channel
	EVA5

	Antenna configuration
	4x2 ULA low correlation

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

	Number of OFDM symbol for control region
	3

	Transmission mode
	TM4

	Subframes with PDSCH
	#1, 2, 3, 4, 6, 7, 8 and 9

	Number of PRBs of PDSCH
	Baseline: 50

	Rank
	Baseline: 1

	HARQ
	Disabled

	Channel/noise estimation
	Non-ideal

	TX EVM
	6%

	MCS of target UE
	MCS#0, MCS#5, MCS#10 and MCS#17

	Precoding of target UE
	Follow UE’s wideband PMI report with reporting mode 1-1

	Number of interference UEs
	SU-MIMO: 0
MU-MIMO: 1

	Modulation order of interference UE
	QPSK, 16QAM and 64QAM

	Precoding of interference UE
	Random with granularity of 1 PRB. Not equal to serving PMI.

	Number of PRB used for one decision
	Baseline: 1

	Number of REs used in a PRB for blind detection
	ML based – 40 REs
Covariance matrix based – 120 REs

	Parameters to be blindly detected or signaled
	existence, precoder, modulation order
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