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1
Introduction

During RAN4#63, agreements in [1] were reached on test coverage and framework. In addition, simulation assumptions were agreed in [2] with a view to performing a first round of alignment simulations by RAN4#63AH. Agreed parameters build on earlier ones [3] with further adjustments/down-selection with the goal of converging toward test cases definitions while at the same timing improving alignment between company results.
In this contribution, we report requested link level evaluation results and make proposals/observations on open issues in terms of parameter choices.
2 
Simulation assumptions
Simulation parameters comply with the agreed assumptions in [2] which are also listed in Annex. The link level performance is compared for the following receiver structures:
· Rel-8/9 baseline receiver for rank-1 is MRC:
· In this contribution, we consider a baseline LMMSE-MRC receiver that performs narrowband (NB) averaging of interference covariance matrix similarly to the IRC, except that only diagonal elements of the covariance matrix are retained and off-diagonal entries are set to zero.
· LMMSE-IRC receiver with the following assumptions on interference covariance matrix estimation;
· Residual signals at reference symbols locations:
· CRS locations are used for TM2 and TM6 (Test 1 and Test 2).
· DM-RS locations are used for TM9 (Test 3).
· Interference covariance matrix is averaged in time within 1 subframe.

Synchronous network operation with two interfering cells is assumed.
3 
Link level performance evaluation results
In Sections 3.1-3.3, we provide a summary of link level results of LMMSE-IRC vs. baseline MRC according to the agreed assumptions. Simulation data is provided in numerical format in Section 3.4.
3.1
Test 1 – TM2
Results for Test 1 (TM2 with TM3 interference) are reported in this section. It was tentatively agreed during RAN4#63 to consider EVA70 propagation conditions in Test 1 which was seen as relevant for open-loop transmit diversity based on TM2. 
Table 1: Link level performance in Test 1 (TM2) at G=-2.5dB.

	G=-2.5dB
	MCS index
	Baseline MRC
	LMMSE-IRC

	
	
	BLER [%]
	Throughput [Mbps]
	BLER [%]
	Throughput [Mbps]
	Throughput gain [%] vs. baseline MRC

	
	6
	29.7%
	3.27
	21.2%
	3.66
	11.9%

	
	7
	43.2%
	3.17
	37.4%
	3.49
	10.1%


Simulation results reported in Table 1 confirm the presence of throughput gains of LMMSE-IRC wrt. baseline receiver under such scenario. Hence, we propose that:

Proposal 1:

Confirm EVA70 propagation conditions in Test 1.
Proposal 2: 

Select MCS#6 for Test 1.
3.2
Test 2 – TM6

Results for Test 2 (TM6 with TM4 interference) are reported in this section.
Table 2: Link level performance in Scenario 1-2 (TM6) at G=0dB.

	G=0dB
	MCS index
	Baseline MRC
	LMMSE-IRC

	
	
	BLER [%]
	Throughput [Mbps]
	BLER [%]
	Throughput [Mbps]
	Throughput gain [%] vs. baseline MRC

	
	10
	25.7%
	5.35
	14.3%
	6.16
	15.1%

	
	11
	31.0%
	5.44
	19.4%
	6.35
	16.7%

	
	12
	40.4%
	5.32
	29.9%
	6.25
	17.5%


Proposal 3: 

Select MCS#12 for Test 2.
3.3
Test 3 – TM9

Results for Scenario 2 (TM9 rank-1 with TM9 rank-1&2 interference) are reported in this section.

Table 3: Link level performance in Scenario 2 (TM9) at G=-2.5dB.

	G=-2.5dB
	MCS index
	Baseline MRC
	LMMSE-IRC

	
	
	BLER [%]
	Throughput [Mbps]
	BLER [%]

	Throughput [Mbps]
	Throughput gain [%] vs. baseline MRC

	
	1 interferer
	7
	30.0%
	3.82
	22.0%
	4.26
	11.5%

	
	2 interferers
	7
	29.3%
	3.86
	19.9%
	4.37
	13.2%


Observation 1: 
Two explicitly modelled interferers provide larger absolute throughput and gain of LMMSE-IRC vs. one explicitly modelled interferer.
3.4
Numerical data

Simulation data is provided in numerical format in the spreadsheet below:

[image: image1.emf]Spreadsheet_in_R4- 63AH-0007.xls


4
Conclusions
In this contribution we evaluated the performance of LMMSE-IRC receiver compared to the LMMSE-MRC baseline receiver, according to agreed simulation assumptions [2]. Finally, we make the following proposals and observation:
Proposal 1:

Confirm EVA70 propagation conditions in Test 1.
Proposal 2: 

Select MCS#6 for Test 1.
Proposal 3: 

Select MCS#12 for Test 2.
Observation 1: 
Two explicitly modelled interferers provide larger absolute throughput and gain of LMMSE-IRC vs. one explicitly modelled interferer.
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Annex – Simulation assumptions
Table 4: Agreed simulation assumptions for link-level evaluations [2].

	 Parameter
	Test 1 (TM2)
	Test 2 (TM6)
	Test 3 (TM9)             

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode in serving cell
	TM2
	TM6
	TM9 with 1-layer

	Transmission mode in interfering cells
	TM3
	TM4
	TM9

	MIMO configuration
	2x2, [low] correlation

See Note 1
	2x2, low correlation
	4x2, low correlation

	Channel model and Doppler frequency for target and interfering cells
	[EVA70]
	EVA5
	EVA5

	
	Use different channel seed for between cells

	Number of interfering cells
	2 interfering cells
	2 interfering cells
	Option 1: 2 interfering cells

Option 2: 1 interfering cell (DIP1 is the same as option 1) 

	Geometry
	Geometry range: [-8:1:6] dB

	Simulation output for alignment
	Sweep throughput vs. geometry (SINR), keeping 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)

	CSI reference signals
	N/A
	N/A
	Antenna ports 15,…,18

	CSI-RS periodicity and subframe offset (TCSI-RS / ICSI-RS)
	N/A
	N/A
	5 / 2

	CSI reference signal configuration
	N/A
	N/A
	0

	Resource allocation
	50 PRBs
	50 PRBs
	50 PRBs

	
	
	
	41 PRBs in subfr.#0 (skip center 6 PRBs, allocated PRBs: RB0–RB20 and RB30–RB49)

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

	MSC and TBS options
	Refer to Table 5
	Refer to Table 6
	Refer to Table 7

	HARQ
	8 HARQ processes and max 4 transmissions

	Feedback periodicity 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 per sub-band from subframe to subframe as baseline.

Randomly changing per sub-band per 10 msec periodicity by interested companies

Frequency granularity is 6 PRBs

	
	80% rank-1,20% rank-2
	80% rank-1, 20% rank-2
	70% rank-1, 30% rank-2

	PMI for target signal
	N/A
	Follow wideband PMI
	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

	Cyclic prefix
	Normal

	Simulation length
	20000 sub-frames at minimum


Note 1: Interested companies can investigate the relative IRC vs. baseline receiver gain for low and medium correlation. Issue with the 2 interferers having the same spatial direction needs to be addressed (e.g. by using a rotating beam as in Rel-10 eDL-MIMO 8-Tx PMI tests).
Table 5: MCS and TBS options for Test 1

	
	
	MCS#6
	MCS#7

	For subframe #0
	Information bit payload
	Bits
	[5160]
	[6200]

	
	Binary channel bits per subframe
	Bits
	[12384]
	[12384]

	For subframe #5
	Information bit payload
	Bits
	N/A
	N/A

	
	Binary channel bits per subframe
	Bits
	N/A
	N/A

	For subframes #{1,2,3,4,6,7,8,9}
	Information bit payload
	Bits
	[5160]
	[6200]

	
	Binary channel bits per subframe
	Bits
	[13200]
	[13200]

	Max. Throughput averaged over 1 frame
	
	Mbps
	[4.6440]
	[5.5800]


Table 6: MCS and TBS options for Test 2

	
	
	MCS#10
	MCS#11
	MCS#12

	For subframe #0
	Information bit payload
	Bits
	[7992]
	[8760]
	[9912]

	
	Binary channel bits per subframe
	Bits
	[24768]
	[24768]
	[24768]

	For subframe #5
	Information bit payload
	Bits
	N/A
	N/A
	N/A

	
	Binary channel bits per subframe
	Bits
	N/A
	N/A
	N/A

	For subframes #{1,2,3,4,6,7,8,9}
	Information bit payload
	Bits
	[7992]
	[8760]
	[9912]

	
	Binary channel bits per subframe
	Bits
	[26400]
	[26400]
	[26400]

	Max. Throughput averaged over 1 frame
	
	Mbps
	[7.1928]
	[7.8840]
	[8.9208]


Table 7: MCS and TBS options for Test 3

	
	
	MCS#7

	For subframe #0
	Information bit payload
	Bits
	[4968]

	
	Binary channel bits per subframe
	Bits
	[9840]

	For subframe #5
	Information bit payload
	Bits
	N/A

	
	Binary channel bits per subframe
	Bits
	N/A

	For subframes #{2,7}
	Information bit payload
	Bits
	[6200]

	
	Binary channel bits per subframe
	Bits
	[11600]

	For subframes #{1,3,4,6,8,9}
	Information bit payload
	Bits
	[6200]

	
	Binary channel bits per subframe
	Bits
	[12000]

	Max. Throughput averaged over 1 frame
	
	Mbps
	[5.4568]
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