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1. Introduction

The new SI on BS interference cancellation (IC) receiver has been approved at RAN #73 [1]. The inter-cell interference model was discussed in the last meeting with the following agreements [2]:

· Interference type:
· Intra-cell inter-user interference 
· Further discuss on whether to model inter-cell interference in the link level evaluation
· Deployment scenario:
· Homogeneous deployment with macro cell only
· Heterogeneous deployment with co-channel low power node(LPN) within the macro cell coverage
· Further discuss if both are to be investigated in the SI
The following are considered as baseline, if inter-cell interference are to be modeled. Other options are not precluded.

· Reuse DIP based interference statistical measurement for BS IC
· Reuse the DIP profiles from BS MMSE-IRC WI
· FFS number of inter-cell interference
· Interference level
· Option 1: cover two interference levels
· high interference level which corresponds to the DIP1 values at 85%-tile of the DIP1 distribution
· low interference levels, which corresponds to 15%-tile of the DIP1 distribution
· For low interference level, if the link performance difference between low interference and AWGN only is negligible, there is no need to model explicit inter-cell interference in the link evaluation. 
· Option 2: other options are not precluded
· Produce randomly modulated 16QAM symbols in the inter-cell interfering PUSCH. 
· The boundaries of allocated PRBs for targeting user and interference users are always aligned. 
In this contribution, we further discuss inter-cell interference model for BS IC.

2. Necessity of modeling inter-cell interference 
In the last meeting, it was the group’s common understanding that IC receiver is utilized for intra-cell inter-user interference mitigation. Meanwhile, companies had different views on whether to model multi-cell scenario and employ Rel-13 IRC receiver for inter-cell interference suppression.
Based on companies’ contributions and online discussion in the last meeting [3-7], the necessity of modeling multi-cell scenario are mainly on the two aspects below:

1) There always exists inter-cell interference is real network, and it is important to reflect the practical scenario in the simulation.
In real network, there always exists inter-cell interference, which has significant impact on uplink throughput performance especially under high to medium interference levels. To reflect the practical scenario, inter-cell interference needs also be considered in the link level evaluation, and Rel-13 BS MMSE-IRC receiver is applied to suppress inter-cell interference.
2) If BS’s implementation under multi-cell scenario cannot be verified, e.g., BS performs intra-cell IC without inter-cell IRC, there is a risk that the overall performance will be highly impacted.
If inter-cell interference is not modeled, it is unknown whether or not inter-cell IRC is implemented along with intra-cell IC in BS product. Therefore, there is a risk that the overall performance will be highly impacted when only intra-cell IC is performed and inter-cell IRC is not implemented. This kind of risk should be avoided by defining proper conformance test in RAN4.
In addition, it is worth noting that for Rel-12 DL SU-MIMO advanced receiver, multi-cell scenario has been introduced in order to verify UE proper implementation of interference and noise whitening [8] [9].
Observation 1: There always exists inter-cell interference is real network, and it is important to reflect the practical scenario in the simulation.

Observation 2: If BS’s implementation under multi-cell scenario cannot be verified, e.g., BS performs intra-cell IC without inter-cell IRC, there is a risk that the overall performance will be highly impacted.

To support the observation 2, link level simulations are then conducted to compare the performance of four types of receivers under multi-cell scenarios:
· Type 1: Intra-cell IC + inter-cell IRC
· Type 2: Intra-cell IC + inter-cell MMSE
· Type 3: Intra-cell MMSE + inter-cell IRC
· Type 4: Intra-cell MMSE + inter-cell MMSE
Two interference levels listed in the WF [2] are simulated:

· High interference level, which corresponds to the DIP1 values at 85%-tile of the DIP1 distribution
· Low interference level, which corresponds to the DIP1 values at 15%-tile of the DIP1 distribution

Since unconditional DIP1 is used in Rel-13 BS IRC WI, the derived DIP profiles are applicable for UEs under any SNR range. Thus for high interference level, the DIP profiles from BS IRC WI (which is based on participating companies’ average results) can be reused for BS IC.
Low interference level was not the target interference scenario in BS IRC WI, and the average DIP profiles for low interference level were not recorded. Considering that the system level simulator from individual companies has been calibrated in BS IRC WI, for low interference level, the DIP profiles from our company simulator are to be used in the following simulation.
· High interference level:
· Homogeneous deployment: (DIP1, DIP2) = (-1.11, -10.91) dB

· Heterogeneous deployment: (DIP1, DIP2) = (-0.43, -13.78) dB

· Low interference level:
· Homogeneous deployment: (DIP1, DIP2) = (-5.55, -7.09) dB

· Heterogeneous deployment: (DIP1, DIP2) = (-4.72, -6.67) dB

The other simulation assumptions are given in Table 1, and the results are provided in Figure 1 and Table 2.
Table 1. Simulation assumptions
	Parameters
	Values

	Cyclic prefix
	Normal

	HARQ RV sequence
	0, 2, 3, 1

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

	PRB number for PUSCH
	6

	Antenna number
	1Tx at UE, 2/4 Rx at BS

	Number of co-scheduled UEs within the target cell
	2/4 UEs respectively for 2/4 Rx at BS

	MCS
	10

	Frequency hopping, TTI bundling
	Disabled

	Modeling of inter-cell interferers
	Number of explicitly modelled inter-cell interferers
	2

	
	Modulation of inter-cell interferers
	16QAM

	
	Timing delay
	Aligned

	Propagation condition (Serving, interferers)
	EPA5, independent fast channels among UEs

	Performance measure point
	85% of maximum throughput
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(b) 2Rx, HetNet, High interference level
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(c) 2Rx, HomNet, Low interference level
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(d) 2Rx, HetNet, Low interference level
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Figure 1. Link simulation results for four types of receivers
Table 2. SINR working points for four types of receivers
	Required SINR (dB)
	Type 1: 
Intra-cell IC + inter-cell IRC
	Type 2: 
Intra-cell IC + inter-cell MMSE
	Type 3: 
Intra-cell MMSE + inter-cell IRC
	Type 4: 
Intra-cell MMSE + inter-cell MMSE

	2Rx
	High interference level
	HomNet
	2.10
	4.26
	5.64
	6.74

	
	
	HetNet
	0.16
	4.10
	5.66
	6.62

	
	Low interference level      
	HomNet
	4.20
	4.58
	6.46
	6.63

	
	
	HetNet
	3.94
	4.53
	6.42
	6.82

	4Rx
	High interference level
	HetNet
	-6.72
	0.68
	-0.11
	3.74


It can be seen from the simulation results that:

Observation 3: For high inter-cell interference level, inter-cell IRC can improve the link performance by 1~7.4 dB, compared to inter-cell MMSE. Moreover, in low SINR region, the performance of type 3 receiver (intra-cell MMSE + inter-cell IRC) is much better than type 2 receiver (intra-cell IC + inter-cell MMSE).
Observation 4: For low inter-cell interference level, the link performance difference between with and without inter-cell IRC is relatively small, which is 0.2~0.6 dB.
Thus we have the following two proposals:

Proposal 1: Introduce two sets of simulation cases for BS IC:

· Set 1: Model explicit inter-cell interference with high interference level (i.e., DIP1 at 85%-tile of the DIP1 distribution), and implement Rel-13 inter-cell IRC for baseline and advanced receivers.
· Set 2: No explicit inter-cell interference for baseline and advanced receivers.

Proposal 2: For cases with explicit inter-cell interference, cover both homogeneous and heterogeneous deployments in SI phase.
3. Configuration of inter-cell interference

Considering the configuration of inter-cell interference in link simulation, some baseline assumptions are agreed while other options are not precluded [2].
Generally, for the inter-cell interference modeling in BS IC SI, it is quite straightforward to reuse the output from BS IRC WI as much as possible. Thus we support to confirm the baseline agreed in the last meeting.
Proposal 3: Confirm the following baseline agreed in the last meeting:
· Reuse DIP based interference statistical measurement for BS IC

· Reuse the DIP profiles from BS MMSE-IRC WI

· Produce randomly modulated 16QAM symbols in the inter-cell interfering PUSCH
· The boundaries of allocated PRBs for targeting user and interference users are always aligned.
One thing needs to be clarified is that: intra-cell inter-user interference is not included in the DIP definition, and the DIP ratio is the ratio of the power of a given dominant inter-cell interferer over the total power of all inter-cell interferers along with the white noise. For multiple co-scheduled UEs in the target cell, the experienced uplink inter-cell interference as well as DIP ratio is exactly the same.
Proposal 4: Clarify that intra-cell inter-user interference is not included in the DIP definition, and the DIP ratio is the ratio of the power of a given dominant inter-cell interferer over the total power of all inter-cell interferers along with the white noise.
Observation 5: The DIP ratio is exactly the same for co-scheduled intra-cell UEs.
With regard to the inter-cell interferer number, similarly to BS IRC phase-I evaluation, it is suggested to model two explicit inter-cell interferers. BS IRC demodulation requirements are specified with both synchronous and asynchronous interference scenarios. For BS IC, to reduce the simulation workload, we suggest to consider synchronous interference only.

Proposal 5: Model two explicit synchronous inter-cell interferers.
4. Conclusions
This contribution discussed the inter-cell interference modeling for BS IC.
The following observations and proposals were given regarding the necessity of modeling inter-cell interference:
Observation 1: There always exists inter-cell interference is real network, and it is important to reflect the practical scenario in the simulation.

Observation 2: If BS’s implementation under multi-cell scenario cannot be verified, e.g., BS performs intra-cell IC without inter-cell IRC, there is a risk that the overall performance will be highly impacted.

Observation 3: For high inter-cell interference level, inter-cell IRC can improve the link performance by 1~7.4 dB, compared to inter-cell MMSE. Moreover, in low SINR region, the performance of type 3 receiver (intra-cell MMSE + inter-cell IRC) is much better than type 2 receiver (intra-cell IC + inter-cell MMSE).

Observation 4: For low inter-cell interference level, the link performance difference between with and without inter-cell IRC is relatively small, which is 0.2~0.6 dB.
Proposal 1: Introduce two sets of simulation cases for BS IC:

· Set 1: Model explicit inter-cell interference with high interference level (i.e., DIP1 at 85%-tile of the DIP1 distribution), and implement Rel-13 inter-cell IRC for baseline and advanced receivers.
· Set 2: No explicit inter-cell interference for baseline and advanced receivers.

Proposal 2: For cases with explicit inter-cell interference, cover both homogeneous and heterogeneous deployments in SI phase.

The following observations and proposals were given regarding the configuration of inter-cell interference:
Proposal 3: Confirm the following baseline agreed in the last meeting:
· Reuse DIP based interference statistical measurement for BS IC

· Reuse the DIP profiles from BS MMSE-IRC WI

· Produce randomly modulated 16QAM symbols in the inter-cell interfering PUSCH. 

· The boundaries of allocated PRBs for targeting user and interference users are always aligned.
Proposal 4: Clarify that intra-cell inter-user interference is not included in the DIP definition, and the DIP ratio is the ratio of the power of a given dominant inter-cell interferer over the total power of all inter-cell interferers along with the white noise.

Observation 5: The DIP ratio is exactly the same for co-scheduled intra-cell UEs.
Proposal 5: Model two explicit synchronous inter-cell interferers.
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