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1 Introduction

A SI was approved in RAN#59 [1] to investigate enhancing the intra/inter-cell interference mitigation at the UE receiver with or without assistance information provided by the network.  As per the SID, one of the tasks for RAN4 is:

· Indicate (to RAN1) assumptions on the network assistance information for the evaluated receivers under possible network coordination. 

Currently, extensive views on the network provided information needed for interferer channel estimation and interferer detection have been proposed. Some examples are modulation order, CFI, PDSCH allocation, MCS etc. In our view, it is not clear how these different parameters or information affects the needed network coordination. 

In this contribution, we focus on the network coordination signalling aspect and suggest some baseline scenario for the Study Item. 
2 Discussions
An example of interference scenario is a UE connected to the small cell is in the CRE region where it experience high interference from the macro cell.  We refer to this UE as the victim UE and the small cell that it is connected to as the victim cell.  The UE that is served by the macro cell is referred to as the interfering UE and the macro cell as the interfering cell.
The victim UE would benefit from having scheduling information of the interfering UE since the victim UE can use such information to cancel or suppress the signal from the interfering UE thereby reducing the interference.  Such information can be provided by the network which we will refer to as NA Info (Network Assisted Info).  The NA info is available at the interfering cell and needs to be passed to the victim UE and this can be sent via the victim cell or sent directly by the interfering cell.
If the NA info is transmitted by the victim cell, coordination between the interfering and victim cells are required.  For intra-site cells, such coordination is feasible.  However, for wider application of NAISC especially in heterogeneous environment where the victim UE is likely to benefit the most from NAISC, inter-site such coordination becomes very challenging because:

1) In a typical deployment the backhaul is non-ideal (e.g. NAISC Scenario 2a [2]).  Delay in sending the NA info from the interfering cell to the victim cell means that the interfering cell needs to schedule the interfering UE in advance.  This adds significant complexity to the eNB scheduler.  
2) Even if advance scheduling is implementable, the amount of subframe in advance to account for is dependent upon the backhaul delay which is variable.  The performance of the victim UE may be negatively impacted if the NA info is not valid since the victim UE would use the wrong demodulated signal for cancellation.  It is of course feasible to indicate the validity of the NA info, e.g. indicate the SFN or subframe where it is applicable.  This would again introduce additional complexity to the network.

3) If the NA info can be targeted at specific SFN and subframe in the victim cell, the interfering cell would still needs to target for a specific delay.  One way is to target for the average.  However, the distribution of the delay (e.g. the average) needs to be learned, i.e. measured over an observable period and it may change depending upon the X2 load.  This would mean that it is possible that in majority of the case, the victim UE would not receive NA info or the NA info cannot be used since it arrives too late.
Alternatively, the NA info can be transmitted by the interfering cell. Here the interfering cell determine the interfering UEs that would cause the most damage to the victim UEs and broadcast the NA info for these interfering UEs.  UEs in the victim cell that unable to detect this NA info broadcast would not benefit from this NA info since the interference from the interfering cell is unlikely to be significant.  Hence only victim UEs that can benefit from NA info would be able to detect the NA info broadcast, e.g. victim UEs in the CRE region.  In this way, the interfering cell can broadcast the NA info and schedule for the interfering UE at the same subframe thereby avoiding advance scheduling and dynamic coordination between interfering and victim cell.  However, the this alternative faces the following challenges

1) In order to listen to the NA info broadcast from the interfering cell, the UE needs to be able to simultaneously receive signal from two cells in the same carrier.  This is feasible in UMTS for UE capable of multiflow.  Such a capability may be challenging in LTE.  It is of course feasible that the victim cell reserve blanked resources so that the interfering cell can broadcast its NA info in these reserved resources.  This will avoid having the UE to receive from two cells simultaneously.  However, this would require static coordination between interfering cell and the victim cell(s).
2) The victim UE needs to be synchronised with the interfering cell.  This can be achieved if the interfering and victim cells are frame synchronised which is feasible in ICIC and feICIC
Both methods of signalling the NA info faces challenges.  
Therefore, given the above analysis, it is important to have a clear understanding on the network coordination requirements from the various parameters and information being proposed.

Observation 1: Dynamic coordination of scheduling information between the interfering cell and the inter-site victim cell(s) is complex and hence justification in terms of complexity versus gains is required through further studies.
Observation 2: A clear understanding on how the various proposed information required at the UE would affect the network coordination is needed.  

3 Conclusion

In this contribution we analyse the two approaches of transmitting the NA info to the victim UE.  It is observed that:

Observation 1: Dynamic coordination of scheduling information between the interfering cell and the inter-site victim cell(s) is complex and hence justification in terms of complexity versus gains is required through further studies.

Observation 2: A clear understanding on how the various proposed information required at the UE would affect the network coordination is needed. 

Based on these observations we propose:
Proposal: To adopt a phase approach on the Network Assistance information that is considered in this Study Item. 
· Information needed for interferer channel estimation and interferer detection to be clarified whether network coordination (inter-eNBs) is required. 
· The baseline approach is without inter-eNB coordination. 
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