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1. Introduction
According to MUST WID [1], a MUST UE receiver is assumed to be capable to cancel or suppress intra-cell interference between co-scheduled MUST users for the following cases: 

Case 1: Superposed PDSCHs are transmitted using the same transmission scheme and the same spatial precoding vector 

Case 2: Superposed PDSCHs are transmitted using the same transmit diversity scheme.

Case 3: Superposed PDSCHs are transmitted using the same transmission scheme, but their spatial precoding vectors are different. 

This contribution provides system-level evaluation results for Case 3. Different from our previous contribution [2], this work further investigates impacts of receiver types (EMMSE-IRC and RML) on system performance. We also modify the modeling of EMMSE-IRC receiver so that when deriving the EMMSE-IRC filter to capture the impacts of EVM impairment on noise estimation and channel estimation error. Details of the modeling are presented in the next section. Finally we present system design requirements for MUST case3.
2. Simulation Setup and Evaluation Methodology
This contribution considers the case with four transmission antennas at eNB side and two receive antennas at UE side. Scheduler is capable to switch among SU-rank1, SU-rank2, and MU (MUST case 3). Wideband RI/PMI/CQI reporting is assumed, and no advanced MU-related CSI report is available. Other detailed simulation parameters are listed in Appendix. 
In our evaluation the precoders for MUST case 3 are all aligned with the precoding vectors defined in Rel-8 codebook. Since we follow the codebook and do not fully utilize non-codebook based precoding property in DMRS-based TMs, the conclusion drawn from the observed MUST gain should be valid for both DMRS-based TMs and CRS-based TMs.
When a UE is in the mode corresponding to MUST Case 3, we assume that it has perfect knowledge on the modulation order (MOD) and precoding vector used by the other co-scheduled user. If this UE is capable to perform inter-layer interference cancellation, we apply the link-abstraction model proposed in [3] to derive post-processing SINR of RML receiver. On the other hand, a UE with EMMSE-IRC receiver is supposed to estimate channel associated with the intra-cell interference and then suppress both intra-cell interference and inter-cell interference. Estimation error modeling for EMMSE-IRC receiver is based on the methodology introduced in [4]. Suppose the received signal vector under MUST case 3 is represented as
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is the channel associated with the desired signal s1 and 
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is the channel associated with the MUST interference signal s2, the vector 
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 models the noise due to Tx EVM, and 
[image: image5.wmf]n

v

 models the noise from other cells and thermal noise. In our evaluation, the estimation of the noise covariance matrix contributed by
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,  is modelled by Wishart distribution as suggested in [4]. Then the EMMSE-IRC filter is derived based on 
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3. Simulation Results and Observations
Simulation results under FTP traffic model 1 for 4Tx cases are presented in the following Table. 
	Throughput (Mbps)
	Baseline

(SU only, RML receiver)
	4Tx, WB, rank1/2 CSI reporting

	
	
	EMMSE-IRC for both SU and MU
	Gain
	RML for both SU and MU
	Gain

	Mean UPT
	9.426
	9.831
	4.30%
	11.092
	17.67%

	5%ile UPT
	0.635
	0.756
	19.06%
	0.824
	29.76%

	50%ile UPT
	4.712
	5.343
	13.39%
	6.307
	33.85%

	RU
	81.55%
	80.47%
	-
	78.28%
	-

	Served/Offered

(40 seconds are simulated)
	94.60%
	96.09%
	-
	97.12%
	-

	λ / packet size
	12.0 / 100 Kbytes

	Note
	Maximum transfer time = 1600 ms


Table Simulation results for 4Tx case with λ=12.0
Observation: With either EMMSE-IRC receiver or RML receiver, MUST case 3 can provide gain over SU-MIMO for 50-percentile UPT and 5-percentile UPT. RML receiver is capable to provide 30% gain for 5-percentile UPT.  
The simulation results in the previous section showed that MUST case 3 is good to provide sufficient gain over SU-MIMO. Since only the precoding vectors defined in Rel-8 codebook are used in our evaluation, the observed MUST gain should be valid for both DMRS-based TMs and CRS-based TMs. Moreover, the results also showed that RML receiver provides more gain over EMMSE-IRC receiver. Thus we propose to support 4Tx MUST case 3 in both TM4 and TM8/9/10 and consider RML receiver as reference receiver.

Proposal 1: Support MUST Case 3 in 4Tx TM4.

Proposal 2: Consider RML receiver as reference receiver for MUST case 3.
4. System design requirements for MUST case3

In this section we discuss system design requirements to support MUST case3, for both DMRS-based TMs and CRS-based TM.
DMRS-based TMs
The contribution [5] analyzes the feasibility to blindly detect parameters of MUST interference in DMRS-based TMs, and the contribution [6] investigates whether non-orthogonal DMRS ports are suitable for MUST operation. In brief, we have the following observations:

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
2) Interference existence blind detection is feasible in terms of the final throughput performance
3) Blind detection on interference modulation order is not feasible
The first observation implies there is no need to provide interference information when non-orthogonal DMRS ports are used to superpose PDSCH signals. With non-orthogonal DMRS ports, if the co-channel PDSCH signals are not well separated in spatial domain, the performance degrades seriously even if perfect interference information is provided. Non-orthogonal DMRS ports can be used if network thinks the PDSCH signals can be separated properly in spatial domain at UE-side or network can well control BLER with proper link-adaptation taking intra-cell interference into consideration. The approach in early releases may be good enough to let MU operation be transparent to UE when non-orthogonal DMRS ports are adopted. In summary we think MUST UE is not expected to detect or cancel any interference on non-orthogonal DMRS ports, and network needs to signal MUST interference information related to interference on only orthogonal DMRS port.
Proposal 3: MUST UE does not expect to detect or cancel any interference on non-orthogonal DMRS ports.
Regarding the second observation, detecting the existence of DMRS ports used by other co-channel MUST users is feasible without throughput degradation.  However, the receiver complexity could be another issue especially when DMRS with OCC-4 is adopted. The third observation implies signaling of MOD is necessary. Considering the signaling overhead and UE’s processing complexity, we prefer to have signaling for both DMRS port and MOD of MUST interference. 
Proposal 4: Which orthogonal DMRS-port is used for MUST interference should be signaled.

CRS-based TMs
Different from DMRS-based TMs, precoding information cannot be carried by CRS in TM4, so either signaling or blind detection is needed to let MUST receivers know the used precoding vectors of superposed PDSCH signals. In [7] our link-level evaluation results show that in TM4 case it is not feasible for a MUST UE to blindly detect the precoder and MOD of the other superposed PDSCH signal, especially when one of superposed PDSCH signals is high-order modulated. We suggest to signal these information of co-channel users though PDCCH directly.
Proposal 5: Precoder information should be signaled for MUST Case 3 in 4Tx TM4.

Proposal 6: MOD should be signaled for MUST Case 3 in all supported TMs.
5. Conclusion

This contribution presented system-level evaluation results for MUST Case 3. We have the following observations and proposals:
Observation: With either EMMSE-IRC receiver or RML receiver, MUST case 3 can provide gain over SU-MIMO for 50-percentile UPT and 5-percentile UPT. RML receiver is capable to provide 30% gain for 5-percentile UPT.  
Proposal 1: Support MUST Case 3 in 4Tx TM4.

Proposal 2: Consider RML receiver as the baseline receiver for MUST case 3.
Proposal 3: MUST UE does not expect to detect or cancel any interference on non-orthogonal DMRS ports.
Proposal 4: Which orthogonal DMRS-port is used for MUST interference should be signaled.

Proposal 5: Precoder information should be signaled for MUST Case 3 in 4Tx TM4.

Proposal 6: MOD should be signaled for MUST Case 3 in all supported TMs.
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Appendix

	Parameters
	MUST Scenario 1

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	Inter-macro-eNB distance
	500 m

	System bandwidth per carrier
	10 MHz 

	Carrier frequency
	2.0 GHz

	Total eNB TX power
	46 dBm

	Distance-dependent path loss
	ITU UMa, with 3D distance between an eNB and a UE applied

	Penetration loss
	For outdoor UEs: 0 dB
For indoor UEs: (20+0.5din) dB (din: independent uniform random value between [0, 25] for each link)

	Shadowing
	ITU Uma

	Fast fading channel between eNB and UE
	ITU UMa 

	eNB antenna height
	25 m

	eNB antenna gain + connector loss
	17 dBi

	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi

	Antenna configuration
	eNB: 
· 4Tx, cross-polarized

UE: 
· 2Rx, cross-polarized

	Traffic model
	FTP traffic model 1 with packet size = 100 Kbytes

	UE dropping
	20% UEs are outdoor; 80% UEs are indoor

	Minimum distance (2D distance)
	Macro – UE : > 35m

	Number of superposed signals in superposition transmission
	2

	UE receiver
	For all users, MMSE-IRC is assumed for inter-cell interference suppression

For MUST users the following is assumed

· MMSE-IRC/RML for intra-spatial-layer interference cancellation

· MMSE-IRC/RML is assumed for inter-spatial-layer interference 

	UE noise figure
	9 dB

	UE speed
	Outdoor UEs: 3 km/hr

Indoor UEs: 3 km/hr

	Cell selection criteria
	RSRP for intra-frequency

	Unified handover margin
	3 dB

	Overheard
	3 symbols for DL CCHs, 2 CRS ports 

	Transmission schemes
	SU-MIMO and MUST

	Feedback assumption
	Realistic CRS channel/interference estimation
RI/PMI/CQI feedback period = 5ms
SU-MIMO CSI feedback with 5ms feedback delay

	Receiver impairment modeling for demodulation
	Modeled

	EVM
	Modelled (Tx EVM=8%; Rx EVM=4%)

	HARQ
	No HARQ
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