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1 Introduction

In the last RAN TSG meeting the study item on Network Assisted Interference Cancellation was approved.

Document [1] provides the study item description including the objectives for RAN 1 and RAN 4: 
· Identify reference IS/IC receivers with and without network assistance, and evaluate their performance/complexity trade-off and implementation feasibility  

· Analyze complexity and feasibility of basic receiver structures 

· Receiver structures based on linear MMSE IRC, successive interference cancellation, and maximal likelihood detection are considered as a starting point for reference IS/IC receivers

· Work can be conducted in parallel to step-1

· Based on the RAN1 scenarios agree on co-channel inter- and intra-cell interference models for link-level simulation 

· Evaluate the link-level gain over baseline Rel-11 linear MMSE-IRC receivers and Rel-11 non-linear receivers required for FeICIC

· Indicate (to RAN1) assumptions on the network assistance information for the evaluated receivers under possible network coordination 
Additionally the SID mentions that RAN 1 should Study and evaluate the feasibility and potential system level gain and develop system level modelling methodologies for the IS/IC receivers including input from RAN4 on relevant impairments

So RAN 4 can start working on two aspects: 

· Baseline receiver 

· Impairment models

While document [2] provide our view on the baseline receiver, [3] provide some simulation results for intra-cell interference cancellation and [4] provide our view on relevant impairments, this document provides a high level overview of the scope of the work in RAN 4 and how to organize the work in RAN 4.

2 Discussion

The SI description mentions that the RAN 4 can start the work in parallel with RAN 1 activities.  Considering the wide scope of this study item and the tight time frame it is important that RAN 4 discusses the scope and agree on a work plan in order to organize the activity. Some of the RAN 4 activities in fact will depend on the RAN 1 agreements on scenarios that need to be prioritized. 

In 3GPP two ways to cope with the presence of interference have been studied so far: network cooperation and UE advanced receivers, with the aim of mitigating the effect of interference. 

The goal of this study item is to analyze the gains of further advanced receiver structure capable of cancelling (some of) the interference by taking into account the UE implementation complexity.

There are two possible sources of interference: intra-cell or inter-cell interference. In certain scenarios only one of them is the dominating aspect or there may be scenarios where both intra and inter cell interference are present. Additionally, in previous work such as advanced receiver both synchronous and asynchronous network were considered. This may have implications on the UE complexity.  To sum up we see the following cases:   
Synchronized network, interference can be due to: 

· Only intra-cell interference due to the presence of several streams scheduled to the same UE in a SU-MIMO case;
· Only intra-cell interference due to the presence of several streams scheduled to several UEs in a MU-MIMO case;
· Only inter-cell interference due to the presence of other neighbour cells or other cells whose coverage is overlapping with the serving cell which creates interference  because of the transmission to other UEs;
· Both intra- and inter- cell interference due to multiple streams sent by the own eNodeB and to the presence of strong neighbour cells.
Asynchronized network, interference can be due to:

· Inter-cell interference due to neighbour cells which have a timing offset larger than the CP.

· Both intra- and inter- cell interference due to multiple streams sent by the own eNodeB and to the presence of strong neighbour cells

In order to cancel (some of) the interference sources mentioned above some network assistance may be required depending on the receiver assumptions. The level of required network assistance depends also on the use case mentioned above. For example
· Inter-stream interference in SU-MIMO do not require network assistance
· Inter-stream interference in MU-MIMO scenarios which may require some information from the network, e.g. the UE needs to be able to estimate the overall precoding and channel of the interfering signal, the modulation scheme used for the interfering signal etc.. .
· Inter-cell interference which, depending on the receiver type, may require more or less network assistance and more or less complexity depending on the scenarios.
The primary homework of RAN 4 is to define possible receiver structure and evaluate the performance associated to them as well as the complexity for both the UE depending on the information available and for the network depending on the information which needs to be signaled to the UE.
While RAN 4 can define reference receivers which are well known in literature, the complexity and performance analysis can progress only depending on the scenarios prioritized in RAN 1.

However RAN 4 could start some work in order to make sure to finalize the study in a timely manner. In particular, since the characterization of the interference for SU-MIMO is already sufficiently clear thanks to RAN 4 experience, it is proposed that RAN 4 starts analyzing the performance of inter stream interference in SU-MIMO scenarios.

Hence the following is proposed as high level work plan for RAN 4:

· STEP 1:

· Define candidate reference receivers in a possibly generic manner as mentioned in [2] for example. 

· Provide feedbacks to RAN 1 about impairments which are needed in RAN 1 evaluation for inter-cell interference scenarios, as for example in [3].

· Agree on simulation assumptions for SU-MIMO use case

· Provide simulation results and a summary of the achievable gains associated to this scenario.

· Identify the reference receiver structure, which provide the highest gains for the case when only inter stream/intra-cell interference is cancelled via non linear receivers. 
· It should be noted that under this scenario there is no need to consider impairments mentioned in the SID, as the signals (victim an aggressors) are transmitted from the same transmission point.
· STEP 2: 

· Wait for RAN 1 input on prioritized scenarios which require network assistance. 

· Evaluate the complexity associated to different receiver structure, network assistance and scenarios. 

· Agree on link level parameter for the simulation work.

· Evaluate the performance level by taking into account a reasonable tradeoff between complexity and performance.

· We propose the following as priority (when network assistance is needed) in order to progress the work:

· Prio 1. Synchronized network: 
· Only inter-cell interference due to the presence of other neighbour cells or other cells whose coverage is overlapping with the serving cell which creates interference  because of the transmission to other UEs.
· Both intra- and inter- cell interference due to multiple streams sent by the own eNodeB and to the presence of strong neighbour cells
· Only intra-cell interference due to the presence of several streams scheduled to several UEs in a MU-MIMO case
· Prio 2. Asynchronized network:
· Inter-cell interference due to neighbour cells which have a timing offset larger than the CP.
· Both inter cell and intra cell interference.
3 Conclusions
In this paper we provide our view on a high level work plan for RAN 4 in order to progress the work in an efficient manner. The following is proposed:
· STEP 1:

· Reference receivers

· Impairments

· Simulation analysis/gain in SU-MIMO scenarios when intra-cell interference is treated via non linear receivers

· STEP 2: 

· Complexity analysis for UE and BS.

· Simulation analysis by considering the following as priority 

· Prio 1. Synchronized network: 
· Only inter-cell interference 
· Both intra- and inter- cell interference 
· Only intra-cell interference in a MU-MIMO case
· Prio 2. Asynchronized network:
· Inter-cell interference.
· Both inter cell and intra cell interference.
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