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1. Introduction

In the last meeting, one WF on link-level simulation assumptions for BS IC was agreed [1]. 

According to the SI work plan [2], all the baseline link level assumptions should be agreed in this meeting. This contribution discusses the following open issues on link assumptions:
· DMRS configuration
· Number of inter-cell interferers

· Performance metric
2. Discussion
2.1. DMRS configuration

Regarding the DMRS configuration, the following agreements were made in the last meeting [1]:
· Assign the same base sequence and different phase rotations/cyclic shifts for co-scheduled intra-cell UEs, and assign different base sequences for UEs associated with different cells.
· Further discuss the details on base sequence and phase rotation configuration in the next meeting.
Firstly, let us discuss how to configure the base sequence. In Rel-13 BS IRC, the desired UE, inter-cell interfering UE 1 and inter-cell interfering UE 2 are served by cells with cell id #0, 1, 2 respectively. Group hopping and sequence hopping are disabled, and 
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= 0 for the desired PUSCH and interfering PUSCH(s). These assumptions can be reused for BS IC, i.e.,
· The cell id for the intra-cell UEs is 0, and the cell id for inter-cell interfering UE 1 and inter-cell interfering UE 2 (if present) is 1 and 2 respectively.

· Group hopping and sequence hopping are disabled, and 
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= 0 for all the simulated PUSCHs.
As a result:

· For the PUSCH of the intra-cell UEs, the sequence-group number 
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= 0, the base sequence number within the base sequence group is 
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· For the PUSCH of inter-cell interfering UE 1 and inter-cell interfering UE 2, 
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= 1, 2 respectively, and 
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Then, we consider the phase rotations/cyclic shifts for co-scheduled intra-cell UEs. For the 2/4 intra-cell UEs, multiple DMRSs can be generated assigning 2/4 different cyclic shifts to the same base sequence. According to the definition of PUSCH DMRS in sub-clause 5.5.2.1 of TS 36.211, the cyclic shift in a slot 
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 is given as 
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, and thus up to 12 orthogonal DMRSs can be defined from each base sequence. To try to preserve the orthogonality between the DMRSs at the receiver side (after fast fading channel), the following parameters are proposed for generating the cyclic shifts:
· 
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 = {0, 6} for 2 intra-cell UEs, 
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Proposal 1: To configure the DMRS sequences for the intra-cell and inter-cell UEs,
· The cell id for the intra-cell UEs is 0, and the cell id for inter-cell interfering UE 1 and inter-cell interfering UE 2 (if present) is 1 and 2 respectively.
· Group hopping and sequence hopping are disabled, and 
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· 
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2.2. Performance metric
It was agreed in the last meeting that:
· For cases with equal SNR: Provide throughput v.s. SINR curves for each intra-cell UE for the reference receiver and baseline receiver
· Note 1: Companies to report whether or not the intra-cell inter-user interference is included in the “I” part of SINR in the simulation
· Note 2: the signal power in “S” part is the power of one intra-cell UE
As seen, one open issue is whether or not the intra-cell inter-user interference is included in the “I” part of SINR in the simulation. On one hand, to demodulate one target UE’s signal, the signals from other co-scheduled intra-cell UEs are observed as interference. On the other hand, if the intra-cell interference is included in the “I” part of SINR, the SINR in log domain is a negative number once the intra-cell interference power is larger or equal to the target UE’s signal. Therefore, our preference is that the intra-cell inter-user interference is not included in the “I” part of SINR, and SINR represents signal to inter-cell interference and noise ratio.
Proposal 2: Intra-cell inter-user interference is not included in the “I” part of SINR, and SINR represents signal to inter-cell interference and noise ratio.
For cases with equal SNR, since equal signal power and the same MCS are assumed for the intra-cell UEs, the UE(s) to be decoded in the first round is decided according to the fast fading channel. It means that in different TTIs, the UEs to be decoded in the first round can be different, and every UE can gain performance benefit from IC.
Therefore, the performance of all the intra-cell UEs should be measured, and the question is to measure the average throughput of the intra-cell UEs, or measure the throughput of each intra-cell UE? Based on our initial results in [3], the throughput curves for multiple intra-cell UEs are almost aligned. If similar observations can be seen from all interested companies’ results, we would propose to measure the average throughput of the intra-cell UEs for cases with equal SNR.
Proposal 3: For cases with equal SNR, if the throughput curves for multiple intra-cell UEs are well aligned, measure the average throughput of the intra-cell UEs.
SNR/SINR at 30% or 70% maximum throughput is usually used as the performance measure point for Rel-11 and before, and SNR at 85% maximum throughput is measured for Rel-12 NAICS receiver. Since the SNR at 85% maximum throughput is closer to the SNR achieving 10% BLER, it is proposed to measure the link performance at 85% maximum throughput in this SI.
Proposal 4: Take the SINR at 85% maximum throughput as the performance measurement point.
2.3. Number of inter-cell interferers
Regarding the number of inter-cell interferers, the following agreements were made in the last meeting [4]:

· Number of inter-cell interferers
· 1 for 2Rx with high and low interference level
· {1, 2} for 4/8Rx with high interference level and down select in the next meeting
· 1 for 4/8Rx with low interference level
For 4Rx with high interference level, we shall check whether two explicit interferers are needed or one interferer is sufficient. Link simulations are carried out to compare the performance with one and two explicit interferes. Both the reference receiver and baseline receiver are simulated. The key parameters are listed in Table 1. 
Table 1. Link simulation parameters
	Parameters
	Values

	Cyclic prefix
	Normal

	HARQ RV sequence
	0, 2, 3, 1

	Maximal number of HARQ transmissions 
(including 1st Tx and re-Tx)
	4

	Channel bandwidth
	10 MHz, 50 PRBs

	Antenna number
	1Tx 4 Rx

	Number of co-scheduled intra-cell UEs
	4 UEs

	MCS of the intra-cell UEs
	MCS10 (QPSK 0.61)

	Propagation condition
	(EPA5 low, ETU5 low)

	Frequency hopping, TTI bundling
	Disabled

	Modulation of inter-cell interferers
	16QAM

	Timing delay and frequency offset
	Zero

	DMRS configuration
	As proposed in section 2.1

	Performance metric
	As proposed in section 2.2
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(a) 1 inter-cell interferer                             (b) 2 inter-cell interferers
Figure 1: Link simulation results for 4Rx with 1 and 2 inter-cell interferers
Table 2. SINR working point (dB) at 85% maximum throughput
	
	Baseline receiver
	IC reference receiver
	Gain of IC

	4Rx with 1 inter-cell interferer
	-0.17
	-4.38
	4.21

	4Rx with 2 inter-cell interferers
	-0.24
	-4.57
	4.33


From the simulation results, we can observe that:

Observation 1: For 4Rx with 1 and 2 inter-cell interferers, the SINR at 85% maximum throughput is similar.
Thus to limit the test complexity and cost, it is proposed that:
Proposal 5: Model 1 explicit inter-cell interferer for 4Rx.
3. Conclusion
This contribution gave the following observations and proposals on link level simulation assumptions.

Regarding the DMRS configuration:

Proposal 1: To configure the DMRS sequences for the intra-cell and inter-cell UEs,
· The cell id for the intra-cell UEs is 0, and the cell id for inter-cell interfering UE 1 and inter-cell interfering UE 2 (if present) is 1 and 2 respectively.
· Group hopping and sequence hopping are disabled, and 
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Regarding the performance metric:
Proposal 2: Intra-cell inter-user interference is not included in the “I” part of SINR, and SINR represents signal to inter-cell interference and noise ratio.
Proposal 3: For cases with equal SNR, if the throughput curves for multiple intra-cell UEs are well aligned, measure the average throughput of the intra-cell UEs.

Proposal 4: Take the SINR at 85% maximum throughput as the performance measurement point.
Regarding the number of inter-cell interferers:
Observation 1: For 4Rx with 1 and 2 inter-cell interferers, the SINR at 85% maximum throughput is similar.
Proposal 5: Model 1 explicit inter-cell interferer for 4Rx.
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