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1 Introduction
A new SI “Study on interference cancellation receiver for LTE BS” [1] was approved in RAN#73. First discussions on the SI took place in RAN4#80bis, where interference type/scenario, receiver structure, interference modelling, as well as other assumptions for link level evaluation were addressed. Agreements and open issues are captured in the WF [2].
In our understanding, the main issues to be resolved in this meeting are interference modelling in particular whether inter-cell interference should be modelled or not, receiver structure, and the assumption in intra-cell co-scheduled UEs including the number and the spatial characteristic. 
In this paper, we will provide our views on those open issues for BS IC study. 
2 Discussion
Interference modeling
It is common understanding that the SI is focused on BS performance when there is intra-cell inter-user interference. In RAN4#80bis, there was a discussion whether inter-cell interference should be considered in the link level evaluation, and correspondingly, in the baseline and reference receiver structure. The following is captured in [2].
	· Interference type:

· Intra-cell inter-user interference 
· Further discuss on whether to model inter-cell interference in the link level evaluation


In our understanding, as inter-cell interference always exists in the realistic world and would be handled by the BS receiver, it is unreasonable to not consider it in the BS IC study. The target of the SI should be to evaluate the overall performance with IC receiver.
As some companies suggested in RAN4#80bis, when all co-scheduled users are in cell centre thus experiencing low inter-cell interference, there may be no need to model inter-cell interference in the link level evaluation. Correspondingly, IRC is not needed for both baseline and reference receiver. We think this is also reasonable, and some simulation cases should be designed to cover this scenario also.
On the other hand, co-scheduled users does not have to be in cell centre. When one or more co-scheduled users are in cell edge and inter-cell interference cannot be ignored, inter-cell interference should be modelled in link level evaluation, and IRC should be performed in both baseline and reference receiver. Some simulation cases should be designed to cover this scenario also.

Proposal 1: Link level simulation cases should be designed to cover the cases as follows.

· All co-scheduled users are in cell centre: no inter-cell interference modelled, no IRC in baseline and reference receiver

· One or more co-scheduled users are not in cell centre: explicit inter-cell interference modelled, IRC in baseline and reference receiver
There are many details to be discussed how to model inter-cell interference. 
· Method to model inter-cell interference

· Number of explicit inter-cell interferers and their levels

· Network topology 

· Transmissions in neighbour cells 

In RAN4#80bis, two methods for modelling inter-cell interference have been discussed, namely DIP and INR. DIP was considered as baseline since it has been used in Rel-13 BS IRC WI. Some companies proposed to model 2 explicit inter-cell interferes, same as in Rel-13 BS IRC WI, and re-use the interference levels there. For network topology, some companies proposed to study both homogeneous and heterogeneous networks, also to be aligned with Rel-13 BS IRC WI. The transmission in neighbour cells is proposed to be PUSCH in the same PRBs as in the target cell. 

In general, we think when RAN4 makes decision on those details, we should have clear understanding on the impacts of inter-cell interference on the IC performance. As IC is about how to handle intra-cell interference between users, we understand the gain of IC receiver over baseline MMSE receiver should not be influenced much by the modelling of inter-cell interference. If this is the common understanding, there seems no need to simulate different cases just for different inter-cell interference modelling. For example, we do not see the need to study both homogeneous and heterogeneous networks.  
Proposal 2: Details of inter-cell interference modelling should be further discussed based on RAN4’s common understanding of the impacts of inter-cell interference on the IC performance.
Receiver structure

In [2] two possible receiver structures are captured. 
	· Reference Receiver

· Option 1: CWIC

· CWIC is used to mitigate uplink intra-cell inter-user interference
· IC iteration may or may not be implemented to further improve the receiver performance 

· the Rel-13 BS MMSE-IRC receiver can be applied simultaneously for inter-cell interference suppression while CWIC receiver is used for intra-cell interference cancellation, if inter-cell interference are to be modelled
· Option 2: SLIC
Down-selection to be made in the next meeting by taking complexity and performance into consideration

· Baseline receiver for performance comparison

· MMSE receiver for intra-cell interference scenario only

· Rel-13 BS MMSE-IRC for inter-cell interference suppression, if inter-cell interference are to be modelled


As we discussed in our previous paper in RAN4#80bis, we think CWIC should be the focus of the SI. We understand that SLIC has its own advantages, e.g. it would lead to smaller complexity than CWIC (at the cost of performance), and it also provides more flexibility in terms of performance-complexity trade-off. However, we think it would be more difficult for companies to align the results with SLIC.   
Proposal 3: Focus on CWIC in the SI.
Co-scheduled UEs

In RAN4#80bis, it was common understanding that the IC performance will be depending on the spatial characteristic of co-scheduled UEs. The following was captured in [2].

	· For intra-cell UEs:

· Number and Spatial correlation level for the multiple co-scheduled UEs within the target cell for BSs with different Rx antennas

· The definition and modeling of different correlation levels need to be discussed

· Number of intra-cell interferers / layers to be cancelled for BSs with different Rx antennas

· MCS for the multiple co-scheduled UEs within the target cell

· Timing delay and frequency offset between co-scheduled UEs


For the number of co-scheduled users, we think the baseline should be 2 for all Rx antennas. We can design different simulation cases with 2 users, e.g. 

· Both users in cell centre, low spatial correlation

· Both users in cell edge, low spatial correlation

· One user in cell centre and one user in cell edge, high spatial correlation

We believe with 2 users the fundamental performance of IC can already be well studied. 

Of course, with more Rx antennas, more than 2 users can be co-scheduled. However, we think it either requires BS to perform multiple rounds of IC operations (which may not be feasible considering the complexity) or requires some grouping schemes (IC will be performed for users in the same group, and the performance can be evaluated with 2 users cases). More importantly, scheduling more users leads to heavier inter-user interference, and the impact cannot be studied in link level. We don’t think there is a need for system level simulation in the SI, as the target of the SI is not to study the optimal number of co-scheduled users or the optimal grouping scheme. Therefore, it is better to focus the SI on cases with 2 co-scheduled users.
Proposal 4: Use 2 co-scheduled users as baseline in the SI.

3 Conclusions 

In this paper, we provided our views on the open issues for BS IC study with the following proposals. 
Proposal 1: Link level simulation cases should be designed to cover the cases as follows.

· All co-scheduled users are in cell centre: no inter-cell interference modelled, no IRC in baseline and reference receiver

· One or more co-scheduled users are not in cell centre: explicit inter-cell interference modelled, IRC in baseline and reference receiver

Proposal 2: Details of inter-cell interference modelling should be further discussed based on RAN4’s common understanding of the impacts of inter-cell interference on the IC performance.

Proposal 3: Focus on CWIC in the SI.

Proposal 4: Use 2 co-scheduled users as baseline in the SI.
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