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1. Introduction
In RAN4 #80, RAN4 had further discussion for blind detection feasibility of MUST case 3 and agreed on WF [1]. 
· 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 this contribution, we will analyze existing TM9 MU-MIMO demodulation requirements and provide simulation results for blind detection in TM9 MUST case 3. 
2. TM9 MU-MIMO transmission
2.1. Rel-10 TM9 MU-MIMO transmission
In Rel-10, DM-RS for TM9 transmission is defined with OCC2. For MU-MIMO transmission, eNB can rely on two orthogonal DM-RS ports, i.e., port 7 and 8, with same SCID (scrambling ID) and additional two non-orthogonal DM-RS ports, i.e., port 7 and 8, with different SCID. In DCI for PDSCH scheduling, eNB provides only DM-RS port information of scheduled UE and no information on co-scheduled MU-MIMO layer is provided to the UE.  In TS 36.213, UE behavior for rank 1 TM9 demodulation is specified as below. 
If the UE is not configured with higher layer parameter dmrs-tableAlt and in case an antenna port 
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 is used, or if the higher layer parameter dmrs-tableAlt is set to 1 and in case an antenna port [image: image2.wmf]}
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 corresponding to one codeword values 0-3 in Table 5.3.3.1.5C-2 [4] is used, the UE cannot assume that the other antenna port in the set 
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 is not associated with transmission of PDSCH to another UE. 

When rank 1 PDSCH is scheduled on DM-RS port 7 (8), there may be co-scheduled MU-MIMO transmission on DM-RS port 8 (7). In the presence of potential MU-MIMO layer, UE receiver implementation could be following. 
· MMSE-IRC receiver: UE treats intra-cell interference from MU-MIMO transmission as coloured Gaussian interference and suppress them by applying per-RB spatial whitening. Noise/covariance matrix for spatial whitening can be obtained from DM-RS. 
· E-MMSE-IRC receiver: UE blindly detects the existence of MU-MIMO layer based on energy of interfering DM-RS port. When presence MU-MIMO interference is detected, interfering layer is suppressed by per-RE spatial whitening. Noise/covariance matrix for spatial whitening is calculated as 
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 is symbol energy of interference layer constellation, 
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 is channel vector of interference layer and 
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 is covariance matrix of residual noise/interference. 
· R-ML receiver: UE blindly detects the existence of MU-MIMO layer based on energy of interfering DM-RS port. When presence MU-MIMO interference is detected, UE further detects PDSCH modulation order of interfering layer. Joint demodulation of desired and interfering layer is used to suppress MU-MIMO interference. 
We would like to note that, for all receiver implementation, receiver processing should be done with per-RB granularity since UE cannot assume any PRB bundling in PRB allocation and precoding. For example, noise/covariance matrix estimation for MMSE-IRC receiver, MU-MIMO presence detection for E-MMSE-IRC and R-ML receiver and modulation order detection for R-ML receiver should be done on each RB independently. 
In Rel-10, RAN4 specified TM9 MU-MIMO demodulation performance requirement, which is test 2 in section 8.3.1.1 of TS 36.101. In this test, UE is required to demodulate rank 1 PDSCH on DM-RS port 7 (8) in the presence of rank 1 interference on DM-RS port 8 (7). MCS for desired UE is 64QAM ½ and 64QAM modulation is used for interfering UE. Precoding is selected randomly from Rel-8 2 Tx codebook for both desired and interfering UE while different precoding is used for two UEs. Note that two UEs’ scrambling identities 
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 are set to 0 to construct orthogonal DM-RS port in the test. Figure 1 shows simulation results for 3 potential receiver implementation. It can be observed that UE at least needs to implement E-MMSE-IRC receiver since MMSE-IRC receiver without explicit MU-MIMO detection cannot meet the requirement. When 64QAM is used for interfering UE as in specified test, E-MMSE-IRC and more complicated R-ML receiver provide similar performance. Sizable performance gain with R-ML receiver over E-MMSE-IRC receiver is observed when interfering UE uses QPSK modulation. 
Observation 1. E-MMSE-IRC receiver is Rel-10 baseline receiver for TM9 MU-MIMO demodulation. 
Observation 2. R-ML receiver with additional modulation order blind detection and joint demodulation can provide performance gain over E-MMSE-IRC receiver when modulation order of interfering UE is QPSK.  
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(a) 64QAM interference                                                           (b) QPSK interference

Figure 1. TM9 MU-MIMO demodulation performance with orthogonal DM-RS ports
We would like to point out that explicit MU-MIMO detection and suppression is possible only for orthogonal DM-RS ports, i.e., when two UEs’ scrambling identities 
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are same. For orthogonal DM-RS ports, UE can separate out DM-RS signal for desired and interfering UE. All receiver algorithm for E-MMSE-IRC and R-ML receiver relies on availability of accurate DM-RS channel estimation. On the other hand, if non-orthogonal DM-RS port is used, i.e., two UEs’ scrambling identities 
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are different, UE cannot achieve necessary DM-RS channel estimation accuracy for desired and interfering UE. This is especially true because UE has to perform per-RB channel estimation. Figure 2 shows TM9 MU-MIMO demodulation performance under the same test set up except for using non-orthogonal DM-RS ports. We can observe that, for both E-MMSE-IRC and R-ML receiver, UE cannot demodulate PDSCH in the presence of strong MU-MIMO interference with non-orthogonal DM-RS port. 
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Figure 2. TM9 MU-MIMO demodulation performance with non-orthogonal DM-RS ports

Observation 3. Both E-MMSE-IRC and R-ML receiver cannot demodulate PDSCH in the presence of strong MU-MIMO interference with non-orthogonal DM-RS port. 

Note that poor MU-MIMO demodulation performance with for non-orthogonal interfering UE cannot be improved even with network signaling for MU-MIMO interference. Network signaling can relieve UE of the burden for MU-MIMO presence detection and modulation order detection. UE still needs to have good channel estimation for both desired and interfering UE for per-RE spatial whitening and demapping of E-MMSE-IRC receiver or joint demapping of R-ML receiver. 
Observation 4. Potential network assistance signaling for MU-MIMO UE cannot improve TM9 demodulation performance in the presence of strong MU-MIMO interference with non-orthogonal DM-RS port. 

Support of non-orthogonal DM-RS ports in TM9 should be understood as a tool to increase MU-MIMO transmission dimension in eNB from 2 to 4 when eNB can achieve good spatial separation by beamforming. There is not much UE can do when there is spillover between two MU-MIMO streams with non-orthogonal DM-RS ports due to non-ideal beamforming. On the other hand, UE can provide substantial suppression of MU-MIMO interference caused by non-ideal beamforming when orthogonal DM-RS is used for MU-MIMO transmission. 
Proposal 1. Deprioritize non-orthogonal MU-MIMO interference suppression from UE side in TM9 MUST case 3 discussion. 
2.2. Rel-13 TM9 MU-MIMO transmission

In Rel-13, number of orthogonal ports for TM9 MU-MIMO transmission is increased to 4 by introducing OCC4 DM-RS. RE allocation and DM-RS signature for OCC4 DM-RS is exactly same as Rel-10 OCC2 DM-RS. However, due to OCC4 DM-RS spreading, eNB can construct 4 orthogonal DM-RS ports, i.e., port 7, 8, 11 and 13, under low Doppler spread channel condition. As Dopper spread is increased, orthogonality of OCC4 DM-RS is gradually compromised. 
In TS 36.213, UE behavior for rank 1 TM9 demodulation with OCC4 DM-RS is specified as below. 

If the UE is configured with higher layer parameter dmrs-tableAlt, and in case of single layer transmission scheme on antenna port   corresponding to one codeword values 4-11 in Table 5.3.3.1.5C-2 [4]  is used, the UE cannot assume that the other antenna ports in the set   is not associated with transmission of PDSCH to another UE.
Compared to Rel-10 OCC2 DM-RS, UE is required to consider 3 DM-RS ports as candidate for potential MU-MIMO transmission. Furthermore, UE can observe more than one stronger MU-MIMO DM-RS ports. In FD-MIMO WI, RAN4 modified TM9 MU-MIMO demodulation test to verify MU-MIMO demodulation performance with OCC4 DM-RS. The test is confined to the case with rank 1 desired UE and rank 1 interfering UE. Performance requirement for more generic case of more than rank 1 desired UE and/or more than rank 1 interfering UE was not specified. For rank 1 desired UE and rank 1 interfering UE case, UE is required to maintain same demodulation performance as Rel-10 OCC2 DM-RS case. Same E-MMSE-IRC receiver is assumed as baseline receiver except for MU-MIMO presence detection where Rel-13 UE is required to detect presence of MU-MIMO UE among 3 candidate DM-RS ports. 
 Observation 5. For Rel-13 OCC4 DM-RS, E-MMSE-IRC receiver is baseline receiver for TM9 MU-MIMO demodulation with the capability to detect presence of interfering UE among 3 candidate DM-RS ports.

3. Blind detection for TM9 MU-MIMO
3.1. MU-MIMO presence detection
Both E-MMSE-IRC and R-ML receiver require MU-MIMO presence detection. UE applies E-MMSE-IRC or R-ML receiver when strong interfering UE is detected. If interfering UE is not detected, UE is supposed to fall back to MMSE-IRC receiver. 
UE can rely on energy estimation on potential interfering UE DM-RS ports for MU-MIMO presence detection. For Rel-10 DM-RS, OCC2 despreading of DM-RS REs over adjacent DM-RS OFDM symbol allows good separation of DM-RS ports for desired and interfering UE. For Rel-13 DM-RS, OCC4 despreading is required over 4 DM-RS symbols that is separated by 0.5ms. Orthogonality among DM-RS ports can be degraded if Doppler spread is large in propagation channel or frequency tracking error is large. When DM-RS energy after despreading is larger than threshold, UE can declare interfering UE is present on corresponding DM-RS port. Once presence of interfering UE is detected, UE needs to perform DM-RS channel estimation for both desired and interfering UE for subsequent receiver processing.
3.2. Modulation order detection
For joint demodulation in R-ML receiver, UE needs to know modulation order for both desired and interfering PDSCH. Since modulation order of desired PDSCH is signaled by DCI, UE needs to further get information on modulation order of interfering PDSCH. Under current TM9 design where eNB provides no information on MU-MIMO transmission, UE should perform blind modulation order detection if it wants to implement R-ML receiver. For the simulation, we used modulation order blind detection based on max-log-map algorithm using PDSCH data tones in each RB.
4. Simulation results
4.1. Simulation assumption

Table 1 is simulation assumption taken from WF [1]. Following receiver types are evaluated in the simulation. 
· MMSE-IRC receiver

· E-MMSE-IRC receiver with genie signaling : presence of MU-MIMO interference is provided by network signaling

· E-MMSE-IRC receiver with blind detection : presence of MU-MIMO interference is blindly detected

· R-ML receiver with genie signaling : presence of MU-MIMO interference and modulation order are provided by network signaling

· E-MMSE-IRC receiver with blind detection : presence of MU-MIMO interference and modulation order are blindly detected

Table 1. Simulation assumption

	Parameters
	Value

	Bandwidth
	10MHz

	Cyclic prefix
	Normal

	Propagation channel
	EVA5, ETU5

	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
	1

	Number of REs used in a PRB for blind detection
	36

	MU-MIMO presence detection algorithm
	DM-RS port energy estimation

	Modulation order detection algorithm
	max-log-map on PDSCH REs

	PDSCH REs for modulation order blind detection
	36

	Channel/noise estimation
	Non-ideal

	Frame structure
	FDD

	Antenna configuration
	4x2 ULA low, 8x2 Xpol high

	Cell-specific reference signals
	Antenna ports 0,1

	Transmission mode
	TM9

	Number of interference UEs
	1

	DM-RS format
	OCC-2

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

	Interference UE resource allocation
	50 RB

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

	Precoding of target UE
	Follow UE’s wideband PMI report

	Precoding of interference UE
	Random with granularity of 1 PRB and 1 ms

	Tx EVM
	6%

	Receiver type
	MMSE-IRC receiver

E-MMSE-IRC receiver with genie signaling

E-MMSE-IRC receiver with blind detection

R-ML receiver with genie signaling 

R-ML receiver with blind signaling


4.2. Robustness test
Figure 3 shows simulation results for robustness test. In robustness test, UE is required to demodulate TM9 rank 1 PDSCH when there is no interfering UE. It can be observed that there is no performance difference among receiver types since blind detection is reliable and both E-MMSE-IRC and R-ML receiver fall back to MMSE-IRC receiver when interfering UE is not detected. 
Observation 6. When there is no interfering UE, both E-MMSE-IRC and R-ML receiver with blind detection can provide similar performance as MMSE-IRC receiver due to reliable MU-MIMO detection performance. 
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Figure 3. TM9 demodulation performance without interfering UE
4.3. MU-MIMO demodulation test
Figure 4 and 5 show simulation results for MU-MIMO demodulation test. Table 2 is summary of simulation results at 90% peak throughput with genie information.  From the simulation results, we can observe that
· For MCS 0, all receiver types provide similar performance including MMSE-IRC receiver without explicit MU-MIMO handling.
· For MC10 and 17, performance of MMSE-IRC receiver is significantly degraded since per-RB spatial whitening cannot provide sufficient suppression for MU-MIMO interference. 
· Performance gain of R-ML receiver over E-MMSE-IRC receiver is bigger for higher MCS for target UE and lower modulation order for interference UE.

· 8x2 XPOL high correlation channel provides better spatial separation than 4x2 ULA low correlation channel. Therefore, performance gain with E-MMSE-IRC and R-ML receiver is better observed in 4x2 ULA channel than 8x2 XPOL channel. 
· For E-MMSE-IRC receiver, blind detection leads to negligible performance loss relative to genie network signaling since MU-MIMO presence detection is reliable. 
· For R-ML receiver, blind detection leads to negligible performance loss relative to genie network signaling except for the case where target UE MCS is10 and MU-MIMO interference is 16QAM. Worst case performance loss is still less than 7%.  

Observation 7. When there is interfering UE, blind detection in E-MMSE-IRC receiver causes negligible performance loss relative to genie network signaling.

Observation 8. When there is interfering UE, blind detection in R-ML receiver causes negligible performance loss relative to genie network signaling except for a few cases with <7% performance loss.  

Table 1. Summary of MU-MIMO demodulation test (90% peak throughput)
	MCS
	Intf mod
	R-ML genie (Mbps)
	R-ML blind (Mbps)
	R-ML BD loss (%)
	EIRC genie (Mbps)
	EIRC blind (Mbps)
	EIRC BD loss (%)

	
	
	4x2
	8x2
	4x2
	8x2
	4x2
	8x2
	4x2
	8x2
	4x2
	8x2
	4x2
	8x2

	0
	QPSK
	0.999
	0.999
	0.99
	0.998
	0.9
	0.1
	0.999
	0.999
	0.99
	0.998
	0.9
	0.1

	
	16QAM
	0.999
	0.999
	1.013
	1.01
	-1.4
	-1.1
	0.999
	0.999
	0.999
	1.01
	0
	-1.1

	
	64QAM
	0.999
	0.999
	0.99
	1.01
	0.9
	-1.1
	0.999
	0.999
	0.98
	1.01
	1.9
	-1.1

	10
	QPSK
	5.75
	5.75
	5.68
	5.73
	1.22
	0.35
	5.75
	5.75
	5.72
	5.74
	0.52
	0.17

	
	16QAM
	5.75
	5.75
	5.64
	5.84
	1.91
	-1.57
	5.75
	5.75
	5.63
	5.82
	2.09
	-1.22

	
	64QAM
	5.75
	5.75
	5.79
	5.725
	-0.7
	0.43
	5.75
	5.75
	5.77
	5.71
	-0.35
	0.7

	17
	QPSK
	10.98
	10.98
	10.84
	10.83
	1.28
	1.37
	10.98
	10.98
	10.98
	10.97
	0
	0.09

	
	16QAM
	10.98
	10.98
	10.3
	10.4
	6.19
	5.28
	10.98
	10.98
	11.1
	10.5
	-1.09
	4.37

	
	64QAM
	10.98
	10.98
	10.9
	11.13
	0.73
	-1.37
	10.98
	10.98
	11.05
	11.14
	-0.64
	-1.46
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(a) MCS=0
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(b) MCS=10
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(c) MCS=17

Figure 4. TM9 demodulation performance with interfering UE (4x2 ULA antenna)
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(b) MCS=10
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(c) MCS=17

Figure 5. TM9 demodulation performance with interfering UE (8x2 XPOL antenna)

5. Network signaling for MU-MIMO

As shown in section 4, blind detection of MU-MIMO existence and modulation order leads to negligible to small performance degradation relative to genie information via network signaling. Therefore, from performance point of view, network signaling for MU-MIMO interference might not be necessary. However, it can still help reduce UE’s implementation complexity and power consumption in TM9 operation mode. 
Blind detection requires per-RB processing since UE cannot assume anything about PRB bundling in MU-MIMO scheduling. There can be two different types of network signaling for MU-MIMO. 
· RRC signaling: eNB can provide semi-static RRC signaling to inform UE of MU-MIMO scheduling granularity in frequency domain when PRB bundling is applied in MU-MIMO scheduling to help UE reduce blind detection computation complexity. 
· L1 signaling: eNB can include MU-MIMO scheduling information in DCI to dynamically indicate MU-MIMO scheduling information to target UE. 
Benefit from network signaling would be higher with Rel-4 OCC4 DM-RS. 
Observation 9. Network signaling for TM9 MU-MIMO can help reduce UE’s implementation complexity and power consumption in TM9 operation mode. Both RRC signaling for MU-MIMO PRB bundling or dynamic DCI signaling can be beneficial to UE implementation. 
6. Conclusions

In this contribution, we provided our analysis on TM9 MU-MIMO transmission and simulation results for blind detection in TM9 MU-MIMO demodulation. Our observations and proposals are following. 
Observation 1. E-MMSE-IRC receiver is Rel-10 baseline receiver for TM9 MU-MIMO demodulation. 

Observation 2. R-ML receiver with additional modulation order blind detection and joint demodulation can provide performance gain over E-MMSE-IRC receiver when modulation order of interfering UE is QPSK.  

Observation 3. Both E-MMSE-IRC and R-ML receiver cannot demodulate PDSCH in the presence of strong MU-MIMO interference with non-orthogonal DM-RS port. 

Observation 4. Potential network assistance signaling for MU-MIMO UE cannot improve TM9 demodulation performance in the presence of strong MU-MIMO interference with non-orthogonal DM-RS port. 

Observation 5. For Rel-13 OCC4 DM-RS, E-MMSE-IRC receiver is baseline receiver for TM9 MU-MIMO demodulation with the capability to detect presence of interfering UE among 3 candidate DM-RS ports.

Observation 6. When there is no interfering UE, both E-MMSE-IRC and R-ML receiver with blind detection can provide similar performance as MMSE-IRC receiver due to reliable MU-MIMO detection performance. 

Observation 7. When there is interfering UE, blind detection in E-MMSE-IRC receiver causes negligible performance loss relative to genie network signaling.

Observation 8. When there is interfering UE, blind detection in R-ML receiver causes negligible performance loss relative to genie network signaling except for a few cases with <7% performance loss.  

Observation 9. Network signaling for TM9 MU-MIMO can help reduce UE’s implementation complexity and power consumption in TM9 operation mode. Both RRC signaling for MU-MIMO PRB bundling or dynamic DCI signaling can be beneficial to UE implementation. 

Proposal 1. Deprioritize non-orthogonal MU-MIMO interference suppression from UE side in TM9 MUST case 3 discussion. 
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