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1 Introduction

This paper provides the TP for the TR 36.8xy to capture the conclusions on the gains achieved by further advanced receivers with intra-cell inter-stream interference.

2 Text Proposal

======================= Start Text Proposal =========================== 
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======================= Unchanged Sections =========================== 

6.3
Intra-cell Interference and Considered Transmission Schemes

[Editor's note: This section will describe the additional intra-cell interference condition as a result of SU/MU-MIMO transmission (i.e., between transmission layers and/or between users). The considered SU/MU-MIMO transmission schemes are described here for the purpose of modeling the residual interference (refer to Annex A of evaluation assumptions).]

6.3.1 SU-MIMO

Under SU-MIMO scenario the UE experiences inter-stream interference between transmission layers. When the UE is scheduled with TM3, TM4, TM8, TM9 and TM10 several layers can be multiplexed for transmission to the same UE.  

Advanced receivers based for example on interference cancellation or maximum likelihood can be efficiently used to cancel the inter-stream interference created by the non orthogonality of the multiplexed layers.

In order to evaluate potential gains with respect to legacy receiver structure in the context of the study item, simulation set up derived from existing SU-MIMO tests have been considered although that does not preclude the need for additional performance requirements during the work item phase.
Some companies have provided analysis [3-9] and it is concluded that the advanced receivers considered in this study item can provide considerable gain, (e.g. up to 4dB gain depending on the receiver structure and the test case [3-9]) compared to legacy baseline receivers such as MMSE-IRC and MMSE and can be efficiently used to cancel the inter stream interference.
======================= Unchanged Sections =========================== 
8
Link-level Performance Evaluation 

[Editor's note: This section will capture the link level interference modeling and performance evaluated under objective #2]

8.1
Interference Modelling 

[Editor's note: This section will describe the link-level interference modeling based on the inter-cell interference scenario and considered inter-cell coordination schemes, as well as the intra-cell interference scenario and considered SU/MU transmission schemes.]

8.2
Link-level Performance Characterization  

[Editor's note: This section will capture the performance and robustness evaluation results for the different types of receivers considered in section 7. Subsections will be created based on receiver types and different receiver assumptions for each receiver type.]

8.2.1 SU-MIMO
8.2.1.1Link level simulation results
The following Figure XX to YY present results generated by various companies to show the gain from more advanced receivers compared to the basiline receivers. The corresponding simulation assumptions are presented in Table XX to YY. The order of the results follows the contribution index.
Table 8.2.1-1 Simulation assumptions for link-level evaluations (FDD) (R4-132888, Broadcom)
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode 
	TM4 or TM8

	MIMO configuration
	2x2, low correlation

	Channel model and Doppler frequency for target cells
	EVA5

	Receivers to be evaluated
	MMSE & ML

	Resource allocation
	11 PRBs

	MSC and TBS options
	7 & 12

	Feedback mode
	11 PRBs

	Feedback periodicity & delay for target signal
	Feedback periodicity: 5 msec; Feedback delay: 8 msec
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Figure 8.2.1-1 Performance of ML decoder in 2 layer SU-MIMO in TM4 (R4-132888, Broadcom)
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Figure 8.2.1-2 Performance of ML decoder in 2 layer SU-MIMO in TM4 (R4-132888, Broadcom)

Table 8.2.1-2 Simulation assumptions for Case 1 (only intra-cell interference is present) (R4-133281, NTT Docomo)
	Parameter 
	Values 

	Carrier frequency 
	2 GHz 

	System bandwidth (Resource allocation) 
	10 MHz (50 PRBs) 

	Transmission mode 
	TM3 

	MIMO configuration 
	2x2, low correlation 

	Channel model and Doppler frequency 
	EVA70 

	Rank of serving cell 
	Fixed Rank-2 (large delay CDD)

	CRS configuration 
	2 CRS ports 

	MSC and TBS options 
	MCS #14 (16QAM)

	HARQ 
	8 HARQ processes and max 4 transmissions 

	Channel and interference estimation at UE 
	Realistic 

	PCFICH 
	CFI = 2 

	Cyclic prefix 
	Normal 

	Simulation length 
	10000 subframes at minimum


Table 8.2.1-3 Simulation assumptions for Case 2 (both intra-cell and inter-cell interference are present) (R4-133281, NTT Docomo)
	Parameter 
	Values 

	Carrier frequency 
	2 GHz 

	System bandwidth (Resource allocation) 
	10 MHz (50 PRBs) 

	Transmission mode 
	TM3 

	MIMO configuration 
	2x2, low correlation 

	Channel model and Doppler frequency 
	EVA70 

	Number of interfering cells 
	2 interfering cells (Synchronous network) 

	Rank of serving cell 
	Rank-2 (large delay CDD)

	DIP values 
	DIP1=-2.23dB, DIP2=-8.06dB 

	CRS configuration 
	2 CRS ports per cell with planning, non-colliding CRS between cells 

	MSC and TBS options 
	MCS #14 (16QAM)

	HARQ 
	8 HARQ processes and max 4 transmissions 

	Feedback mode 
	PUCCH 1-0

	Feedback periodicity & delay for target signal 
	Feedback periodicity: 5 msec; Feedback delay: 8 msec 

	PMI granularity and rank of interfering signals (% of rank-1 and % of rank-2)
	Randomly changing rank per sub-band from subframe to subframe 

	
	Frequency granularity is 6 PRBs 

	
	80% rank-1,20% rank-2 

	Channel and interference estimation at UE 
	Realistic 

	PCFICH 
	CFI = 2 

	Cyclic prefix 
	Normal 

	Simulation length 
	10000 subframes at minimum
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Figure 8.2.1-3 Simulation results for Case 1 (only intra-cell interference is present)

(R4-133281, NTT Docomo)
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Figure 8.2.1-4 Simulation results for Case 2 (both intra-cell and inter-cell interference are present)

(R4-133281, NTT Docomo)
Simulation results in Figure 8.2.1-5 and Figure 8.2.1-6 are based on test1 in sec 8.2.1.4.2 in TS36.101 and the following assumption.

· eNB follows the MCS/RI report from the UE. 

· Feedback mode 1-1 with periodicity 5 ms. 
· Both CQI and PMI are reported. eNB’s CQI/PMI applying delay is 4 ms.

· HARQ is disabled (only RV-0)
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Figure 8.2.1-5 Simulation results for test1 in sec 8.2.1.4.2 in TS36.101 with and without eNB additionally applying OLLA (assuming a target BLER of 0.1) (R4-133646, Media Tek)
TM9 is simulated based on test1 in section 8.3.1.2. Realistic channel estimation and noise/interference estimation is from CSI-RS.  
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Figure 8.2.1-6 Simulation results for test1 in sec 8.2.1.4.2 in TS36.101 with and without eNB additionally applying OLLA (assuming a target BLER of 0.1) (R4-133646, Media Tek)
Simulation results in Figure 8.2.1-7 to Figure 8.2.1-9 are based on the following assumptions.
· TM3 
· single-cell SU-MIMO rank 2 scenarios
· 2x2 and low/medium/high antenna correlation
· Fixed MCS according to CQI index (CQI 5,8,12)
· HARQ re-transmission 1
· Different receivers: MMSE, R-ML, L-CWIC
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Figure 8.2.1-7 Performance of MMSE/R-ML/L-CWIC receiver for TM3 with 2x2 low correlation antenna (R4-133681, Huawei, Hisilicon)
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Figure 8.2.1-8 Performance of MMSE/R-ML/L-CWIC receiver for TM3 with 2x2 medium correlation antenna (R4-133681, Huawei, Hisilicon)
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Figure 8.2.1-9 Performance of MMSE/R-ML/L-CWIC receiver for TM3 with 2x2 high correlation antenna (R4-133681, Huawei, Hisilicon)

Table 8.2.1-4 SU-MIMO simulation parameters (R4-133980, Renesas)
	Parameter
	Value

	Carrier frequency
	2 Ghz

	Interference scenario
	White Gaussian

	Bandwidth
	10 MHz

	Resource allocation
	50 PRB

	Cyclic prefix
	Normal

	Propagation channel
	2x2 EPA5/EVA5, spatially uncorrelated

	Transmission mode
	SU-MIMO, TM4

	MCS
	Link and rank adaptation

	Receiver algorithms
	LMMSE-IRC, LMMSE-SIC

	Channel estimation
	Realistic

	PMI feedback
	Follow wideband PMI

	PCFICH
	CFI=2
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Figure 8.2.1-10 Throughput performance of SIC receiver in SU-MIMO in EPA and EVA channels. (R4-133980, Renesas)
Figure 8.2.1-11 to Figure 8.2.1-14 are based on Table 8.2.1-5.
Table 8.2.1-5 SU-MIMO simulation parameters (R4-134156, Nokia, NSN)
	Parameter
	Value

	Carrier frequency
	2 GHz

	Interference scenario
	White Gaussian

	System Bandwidth
	10 MHz

	PDSCH Resource allocation
	50 PRB

	Cyclic prefix
	Normal

	Channel
	2x2 EVA5, spatially uncorrelated

	Transmission mode
	SU-MIMO, TM4 or TM9

	MCS
	Fixed Rank-2 MCS#20 or Link and Rank adaptation (OLLA on)

	Receiver algorithms
	LMMSE-MRC, LMMSE-MRC-cwSIC
LMMSE-IRC, L-CWIC (=LMMSE-IRC-cwSIC)

	Channel estimation
	Practical

	Covariance estimation
	Practical

	PMI feedback
	Follow wideband PMI

	PCFICH
	CFI=2

	CRS (for TM9)
	2 ports


[image: image17.emf]0 5 10 15 20 25 30 35 40

0

5

10

15

20

25

30

35

40

45

SNR [dB]

Throughput [Mbps]

TM4, MCS#20, Practical CE, EVA 5Hz, 50 PRBs, 2x2, CFI=2, 

TX EVM 0%, CSI Delay/Periodicity 8/5ms

 

 

LMMSE-MRC

LMMSE-MRC-cwSIC

LMMSE-IRC

L-CWIC (=LMMSE-IRC-cwSIC)


Figure 8.2.1-11 Rank-2 TM4 fixed-link, MCS#20 (R4-134156, Nokia, NSN)
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Figure 8.2.1-12 Rank-2 TM9 fixed-link, MCS#20 (R4-134156, Nokia, NSN)
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Figure 8.2.1-13 TM4 with Link and Rank Adaptation (R4-134156, Nokia, NSN)
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Figure 8.2.1-14 TM9 with Link and Rank Adaptation (R4-134156, Nokia, NSN)
Figure 8.2.1-15 and Figure 8.2.1-16 are based on Table 8.2.1-5 to Table 8.2.1-7.
Table 8.2.1-6 Simulation assumptions for SU-MIMO with inter-cell interference. (R4-134156, Nokia, NSN)
	Parameter
	Test 2 (TM6)
	Test 2 (TM4)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode in serving cell
	TM6
	TM4

	Transmission mode in interfering cells
	TM4

	MIMO configuration
	2x2 and 2x4, low correlation

	Channel model and Doppler frequency for target and interfering cells
	EVA5

	
	Use different channel seed for between cells

	Number of interfering cells
	2 interfering cells

	Network synchronization
	All cells are synchronous

	Geometry
	Geometry range: [-10, 30] dB

	Simulation output for alignment
	Sweep throughput vs. geometry (SINR), keep DIP(s) fixed to agreed values

	DIP values
	DIP1=-1.73dB, DIP2=-8.66dB

	CRS configuration
	2 CRS ports per cell with planning, non-colliding CRS between cells

	Resource allocation
	50 PRBs

	Subframes for demodulation
	All subframes scheduled for demodulation except subframe #5

	MCS and TBS options
	Refer to Table 3

	HARQ
	8 HARQ processes and max 4 transmissions

	Feedback mode
	[PUCCH 1-1]

	Feedback periodicity & delay for target signal
	Feedback periodicity: 5 msec; Feedback delay: 8 msec

	PMI granularity and rank of interfering signals (% of rank-1 and % of rank-2)
	Randomly changing rank and PMI per sub-band from subframe to subframe

	
	Frequency granularity is 6 PRBs

	
	80% rank-1, 20% rank-2

	PMI for target signal
	Follow wideband PMI

	Channel and interference estimation at UE
	Practical and realizable channel and interference covariance estimates with no a-priori knowledge of the channel state information

	Physical channels transmitted in serving cell
	PSS/SSS/PBCH

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered

	Physical channels transmitted in interfering cells
	PDCCH

PDSCH: 16QAM modulation is agreed to be used in interfering cells

PSS/SSS/PBCH

	Tx EVM
	6%

	Noc at antenna port
	-98 dBm

	Cyclic prefix
	Normal

	Simulation length
	20000 sub-frames at minimum


Table 8.2.1-7 MCS and TBS for Test 2 (TM6); see [3] (Table A.3.3.2.1-2) (R4-134156, Nokia, NSN)
	
	
	MCS#11

	For subframe #0
	Information bit payload
	Bits
	[8760]

	
	Binary channel bits per subframe
	Bits
	[24768]

	For subframe #5
	Information bit payload
	Bits
	N/A

	
	Binary channel bits per subframe
	Bits
	N/A

	For subframes #{1,2,3,4,6,7,8,9}
	Information bit payload
	Bits
	[8760]

	
	Binary channel bits per subframe
	Bits
	[26400]

	Max. Throughput averaged over 1 frame
	
	Mbps
	[7.8840]
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Figure 8.2.1-15 Rank-2 2x2 TM4 with Scenario TS36.101 §8.2.1.4.1B (RAN4#64bis Test2) mcs#11 simulation assumptions, DIP1=-1.73dB, DIP2=-8.66dB (R4-134156, Nokia, NSN)
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Figure 8.2.1-16 Rank-2 2x4 TM4 with Scenario TS36.101 §8.2.1.4.1B (RAN4#64bis Test2) mcs#11 simulation assumptions, DIP1=-1.73dB, DIP2=-8.66dB (R4-134156, Nokia, NSN).
Figure 8.2.1-17 to Figure 8.2.1-28 are based on the following assumptions.
Test 1: 36.101 Type A receiver Section 8.2.1.2.4 (TM2/3) 

Test 2: 36.101 Type A receiver Section 8.2.1.4.1B (TM4/6)



Test 3: 36.101 Type A receiver Section 8.3.1.1A (TM9/9) 

Test 4: 36.101 Open loop spatial multiplexing (TM3), Section 8.2.1.3.1 
Test 5: 36.101 Closed loop spatial multiplexing (TM4) Section 8.2.1.4.2 
Test 6: 36.101 Dual-Layer Spatial Multiplexing (TM 9), Section 8.3.1.2 

And the tests are also with the following modifications in order to better check the gain under IC receivers.
1. Synchronous network for all tests.
2. Follow CQI, follow PMI (when applicable), and follow RI (optional). 
3. OLLA is applied.

4. Doppler spread 5Hz.
Figure 8.2.1-17 to Figure 8.2.1-22 show the results with low correlation and follow RI for Test 1~6.

Figure 8.2.1-23 to Figure 8.2.1-28 show the results with medium correlation and Rank 2 setup for Test 1~6.

[image: image23.png]60

50

Throughput [Mbps]
w S
o o

N
o

10

testl

| —— IRC+intra CWIC
| —=— IRC+ML

| —*—IRC+SLIC

5 10 15 20
SINR [dB]

25 30




Figure 8.2.1-17 Throughput of candidate receivers under EVA5 with low correlation and follow RI for Test 1. (R4-134948, Ericsson)
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Figure 8.2.1-18 Throughput of candidate receivers under EVA5 with low correlation and follow RI for Test 2. (R4-134948, Ericsson)
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Figure 8.2.1-19 Throughput of candidate receivers under EVA5 with low correlation and follow RI for Test 3. (R4-134948, Ericsson)
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Figure 8.2.1-20 Throughput of candidate receivers under EVA5 with low correlation and follow RI for Test 4. (R4-134948, Ericsson)
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Figure 8.2.1-21 Throughput of candidate receivers under EPA5 with low correlation and follow RI for Test 5. (R4-134948, Ericsson)
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Figure 8.2.1-22 Throughput of candidate receivers under EPA5 with low correlation and follow RI for Test 6. (R4-134948, Ericsson)
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Figure 8.2.1-23 Throughput of candidate receivers under EVA5 with medium correlation and Rank2 for Test 1. (R4-134948, Ericsson)
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Figure 8.2.1-24 Throughput of candidate receivers under EVA5 with medium correlation and Rank2 for Test 2. (R4-134948, Ericsson)
[image: image31.png]TM9 MEDIUM color

—+—S8LIC

25

50
45+
40+

n
¢l

(=] wn (=]
5] N N

[sdaw]indybnoayy

30

15 20

SINR[dB]

10




Figure 8.2.1-25 Throughput of candidate receivers under EVA5 with medium correlation and Rank2 for Test 3. (R4-134948, Ericsson)
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Figure 8.2.1-26 Throughput of candidate receivers under EVA5 with medium correlation and Rank2 for Test 4. (R4-134948, Ericsson)
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Figure 8.2.1-27 Throughput of candidate receivers under EPA5 with medium correlation and Rank2 for Test 5. (R4-134948, Ericsson)
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Figure 8.2.1-28 Throughput of candidate receivers under EPA5 with medium correlation and Rank2 for Test 6. (R4-134948, Ericsson)
8.2.1.1Summary
From the link level simulation results it can be concluded that the advanced receivers considered in this study item can provide considerable gain, (e.g. up to 4dB gain depending on the receiver structure and the test case [3-9]) compared to legacy baseline receivers such as MMSE-IRC and MMSE.

======================= End Text Proposal =========================== 
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