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1. Introduction
Link level simulation assumptions for SIMO PUSCH were discussed in RAN4 previous meetings, and the WF in [1] was agreed at RAN4 #74bis. According to the BS MMSE-IRC work plan, the link simulation assumptions for phase I should be finalized in this meeting, and the simulation results will be collected in the next meeting. In this contribution, we discuss the open issues for the link simulation assumptions and provide preliminary simulation results.

2. Link level simulation assumptions
2.1
Discussion

MCS of the target PUSCH
In UE MMSE-IRC WI, DIP values conditioned on -2.5 dB geometry are used, and the MCS is selected such that the resulting geometry of MMSE-IRC (i.e., the geometry achieving 70% relative throughput) is as close to -2.5 dB as possible. For BS MMSE-IRC, if it is agreed to use methodology 2 in [2] to determine DIPs, i.e., take median DIPs conditioned on SINR at 5-tile of UL SINR distribution, the MCS selection methodology from UE MMSE-IRC should be re-used. And for each combination of antenna configuration (1x2, 1x4, or 1x8), propagation condition (EPA5 or EVA70) and deployment scenario (homogeneous or heterogeneous), BS MMSE-IRC link simulation should be conducted for multiple MCSs in order to find the MCS which makes the resulting SINR of BS MMSE-IRC closest to the SINR of interest.
Our companion contribution in [4] proposes to use methodology 1 for determining DIPs. In this case, the main considerations for MCS selection are: (a) to select typical MCSs used for cell edge UEs, (b) to guarantee that sufficient performance gap exists between MMSE-IRC and MMSE receivers. Usually QPSK modulation is scheduled for cell edge UEs. In Rel-8 PUSCH demodulation tests, code rate of 1/3 is used for QPSK modulation. QPSK 1/3 corresponds to MCS 6 in 10 MHz bandwidth case, thus MCS 6 can be seen as a valid candidate for BS MMSE-IRC. Moreover, it can be seen from TS 36.104 that, the required SNR to achieve 70% relative throughput is -6.7 dB for the test case configured with {1T8R, MCS 6, EPA5 low}. When BS MMSE-IRC is applied, we can expect that required SINR to achieve 70% relative throughput is lower than -6.7 dB for this test case. To avoid potentially quite low SINR, a higher MCS can also be included in phase I link evaluation. 
Proposal 1: For link performance evaluation in phase I, use MCS 6 as baseline for the target PUSCH, and other MCS higher than MCS 6 can also be considered in order to ensure the SINR working point is within a reasonable range.
DIPs ratios
At system level, two scenarios including homogenous and heterogeneous scenarios are simulated, thus two sets of DIPs are developed. It is proposed to run link simulation for both sets of DIPs in phase I.
Proposal 2: For link performance evaluation in phase I, use the two sets of DIPs obtained respectively in homogenous and heterogeneous scenarios. 

Simulation output and performance measure point
In last meeting, it was agreed that: SNR vs Relative throughput of PUSCH if the unconditional DIP1 method was used [1]. As the link simulation output, companies are encouraged to provide throughput vs. SNR curves for MMSE-IRC and MMSE, DIPs are kept to the agreed values during the simulation. The performance gain of MMSE-IRC over MMSE can be measured in terms of SNR gain at 70% of maximum throughput.

Proposal 3: Companies are encouraged to provide throughput vs. SNR curves for MMSE-IRC and MMSE, DIPs are kept to the agreed values during the simulation. 
Proposal 4: For link performance evaluation in phase I, MMSE-IRC gain over MMSE is measured in terms of SNR gain at 70% of maximum throughput.
2.2
Summary of simulation assumptions for phase I performance gain evaluation
Based on the previous agreements in [1] and the proposals in section 2.1, Table 1 summarizes the assumptions for phase I link performance gain evaluation.

Table 1.
Proposed assumptions for phase I link performance gain evaluation
	Parameters
	Values

	Channel bandwidth
	10 MHz

	PRB allocation
	Baseline: full PRB allocation, i.e., 50 PRB
· Not preclude the partial PRB allocation

	Antenna configuration for target and interference cells
	Three cases: 1x2, 1x4, 1x8 

	Propagation condition for target and interference cells
	· Two cases: EPA5 low, EVA70 low
· Use different channel seed for between cells

	Number of explicitly modeled interferers
	2

	DIP ratios 
	Two sets (Note): 

· DIP1 = -1.15 dB, DIP2 = -10.84 dB (homogenous scenario)

· DIP1 = -0.42 dB, DIP2 = -13.76 dB (heterogeneous scenario)

	MCS of the target PUSCH
	Three cases: MCS 6, other MCS higher than MCS 6

	Interference PUSCH modulation
	Randomly modulated 16QAM symbols

	Network synchronization
	All cells are synchronous

	Maximum number of HARQ transmissions
	4

	RV sequence
	0, 2, 3, 1

	Channel and interference estimation at BS
	· Practical and realizable channel and interference covariance estimates with no a-priori knowledge of the channel state information
· For MMSE-IRC receiver, DMRS based covariance matrix estimation is assumed, and interference covariance matrix estimation should be conducted per PRB and per TTI

	Cyclic prefix
	Normal

	Simulation output
	Throughput vs. SNR curves for MMSE-IRC and MMSE, and DIPs are kept to the agreed values during the simulation. 

	Performance measure point
	MMSE-IRC gain over MMSE is measured in terms of SNR gain at 70% of maximum throughput.

	Simulation length
	10000 sub-frames at minimum

	Note: Based on the summary of DIP results from interested companies in [3], the average DIP 1/2 values using methodology 1 are taken.


3. Preliminary link level simulation results

For preliminary link simulation, the assumptions are generally based on Table 1, with the following modifications:

· Configure 1.4 MHz with 6 PRB instead 10MHz to reduce simulation time
· Only consider EPA5 low channel for both desired UE and interfering Ues
· Two MCSs: MCS 6, MCS 10
· Only use the DIP set obtained in homogenous scenario, and two cases are simulated: 
· 1 explicit interferer: DIP1 = -1.15 dB, SINR (dB) = SNR (dB) - 6.33 dB

· 2 explicit interferers: DIP1 = -1.15 dB, DIP2 = -10.84 dB, SINR (dB) = SNR (dB) - 8.23 dB
Our preliminary link level results are shown in Figure 1 to Figure 6. Based on these results, we can observe that:
Observation 1: IRC can achieve significant performance gain in all the simulated cases.
Observation 2: Compared to IRC with 1 explicit interferer, IRC with 2 explicit interferers can get about 1 dB and 1.5 dB additional gain for 1T4R and 1T8R respectively.
Observation 3: For 1T4R and 1T8R, when MCS 10 and 2 explicit interferers are configured, the SINR at 70% relative throughput is very low, and we may need to consider other DIP1/2 values or MCS higher than MCS 10.
· For 1T4R with MCS 10 and 2 explicit interferers, the SNR at 70% relative throughput is about 0 dB, and the corresponding SINR is about - 8.23 dB. 
· For 1T8R with MCS 10 and 2 explicit interferers, the SNR at 70% relative throughput is about -3 dB, and the corresponding SINR is about - 11.23 dB. 
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(a) 1 interferer, DIP1 = -1.15 dB             (b) 2 interferers, DIP1 = -1.15 dB, DIP2 = -10.84 dB
Figure 1. Link level results for 1Tx 2Rx and MCS 6
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(a) 1 interferer, DIP1 = -1.15 dB             (b) 2 interferers, DIP1 = -1.15 dB, DIP2 = -10.84 dB
Figure 2. Link level results for 1Tx 2Rx and MCS 10
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(a) 1 interferer, DIP1 = -1.15 dB             (b) 2 interferers, DIP1 = -1.15 dB, DIP2 = -10.84 dB
Figure 3. Link level results for 1Tx 4Rx and MCS 6
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(a) 1 interferer, DIP1 = -1.15 dB             (b) 2 interferers, DIP1 = -1.15 dB, DIP2 = -10.84 dB
Figure 4. Link level results for 1Tx 4Rx and MCS 10
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(a) 1 interferer, DIP1 = -1.15 dB             (b) 2 interferers, DIP1 = -1.15 dB, DIP2 = -10.84 dB
Figure 5. Link level results for 1Tx 8Rx and MCS 6
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(a) 1 interferer, DIP1 = -1.15 dB             (b) 2 interferers, DIP1 = -1.15 dB, DIP2 = -10.84 dB
Figure 6. Link level results for 1Tx 8Rx and MCS 10

4. Conclusion
This contribution presented our views on simulation assumptions for BS MMSE-IRC performance gain test and provided preliminary simulation results. We have made the following proposals:
Proposal 1: For link performance evaluation in phase I, use MCS 6 as baseline for the target PUSCH, and other MCS higher than MCS 6 can also be considered in order to ensure the SINR working point is within a reasonable range.

Proposal 2: For link performance evaluation in phase I, use the two sets of DIPs obtained respectively in homogenous and heterogeneous scenarios. 

Proposal 3: Companies are encouraged to provide throughput vs. SNR curves for MMSE-IRC and MMSE, DIPs are kept to the agreed values during the simulation. 
Proposal 4: For link performance evaluation in phase I, MMSE-IRC gain over MMSE is measured in terms of SNR gain at 70% of maximum throughput.
Based on these proposals, the assumptions for phase I link performance gain evaluation were summarized in Table 1.
5. Reference

[1] R4-152532, “Way forward on BS IRC link level simulation,” Huawei, HiSilicon, China Telecom, Samsung, Nokia Networks, Alcatel-Lucent, RAN4 #74bis, Apr 2015.
[2] R4-152525, “WF on interference modeling for BS MMSE-IRC receiver,” China Telecom, Huawei, Nokia Networks, ZTE, Samsung, Alcatel-Lucent, RAN4 #74bis, Apr 2015.

[3] R4-152825, “Summary of simulation results for BS MMSE-IRC interference modelling,” China Telecom, RAN4 #75, May 2015.
[4] R4-152821, “Interference modelling methodology for BS MMSE-IRC receiver,” China Telecom, RAN4 #75, May 2015.
1

