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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.    This contribution examines some of the signalling aspects for the case where intra/inter cell interference cancellation/suppression at the UE is performed with assistance information provided by the network.
2 Discussions
Figure 1 shows a HetNet deployment which we will use as a reference in this contribution.  It should be noted that this discussion is also applicable to a homogenous network.  In Figure 1 a UE connected to the small cell is in the CRE region where it experiences 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.
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Figure 1: NAISC deployment

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.  This assumes that the interfering cell and the victim cell(s) are synchronised.  Such information can be provided by the network which we will refer to as NA Info (Network Assistance Info).  The NA info is known at the interfering cell and would need to be passed somehow to the victim UE; this could in theory be sent either via the victim cell or directly by the interfering cell.  
If the NA info were to be transmitted to the UE by the victim cell, coordination between the interfering and victim cells would be required.  For intra-site cells, such coordination may be feasible.  However, for wider application of NAICS, especially in HetNet environments where the victim UE is likely to benefit the most from NAICS, such inter-site coordination becomes very challenging because:

1) In a typical deployment the backhaul is non-ideal (e.g. NAICS Scenario 2a [2]).  Delay in sending the NA info from the interfering cell to the victim cell means that the interfering cell would need to schedule the interfering UEs in advance.  This would add significant complexity to the eNB scheduler.

2) Even if advance scheduling were implementable, the number of subframes in advance by which the scheduling decisions would have to be completed would be dependent upon the backhaul delay which is variable.  The performance of the victim UE would be negatively impacted if the NA info were not valid since the victim UE would use the wrong demodulated signal for cancellation.  The validity of the NA info would therefore have to be defined, either being fixed or being signalled which would add additional overhead, e.g. indicating the SFN and subframe where the NA info is applicable.  This would again introduce additional complexity to the network operation.

3) If the NA info could be targeted at a specific SFN and subframe in the victim cell, the interfering cell would still need to target a specific backhaul delay, for example the worst case or the average.  In either case, the distribution of the delay would need to be learned, and such a measurement over an observable period may be unreliable since the delay may change depending upon the X2 load.  If the actual backhaul delay exceeded the predicted backhaul delay, the victim UE would not receive the NA info in time to be used; on the other hand, if the interfering cell were to target a worst-case delay, the scheduling performance of the interfering cell itself would most likely be severely degraded, and hence the cost of any possible improvement in the victim cell would be a reduction in performance in the interfering cell.
Observation 1: Dynamic coordination of scheduling information between the interfering cell and the inter-site victim cell(s) is complex.

Proposal 1: Transmission of network assistance information from the victim cell should not be considered further for inter-site NAICS.
Alternatively, we could consider the NA info being transmitted by the interfering cell, as has been proposed for UMTS for HetNet [3].  In this case the interfering cell would determine the interfering UEs that would cause the most damage to the victim UEs (e.g. those with the largest resource allocation) and broadcast the NA info corresponding to these interfering UEs.  In this way, the interfering cell could broadcast the NA info and schedule the interfering UEs in the same subframe, thereby avoiding advance scheduling and dynamic coordination between interfering and victim cell.  
Not all UEs in the victim cell would be able to receive NA info from the interfering cell sufficiently reliably to be able to decode it, but those UEs that could not decode it would most likely not benefit from this NA info since the interference from the interfering cell is unlikely to be significant.  Hence the victim UEs that could benefit the most from NA info would be the UEs that were most able to detect the NA info, e.g. victim UEs in the CRE region.  
However, this method would still face the challenge that in order to listen to the NA info broadcast from the interfering cell, the UE would need to be able to receive signals from two cells simultaneously on the same carrier.  This is feasible in UMTS for UEs capable of multiflow.  Such a capability may be challenging in LTE.  It might be necessary to consider that the victim cell reserves blanked resources so that the interfering cell could broadcast its NA info in these reserved resources.  This would avoid having the UE to receive from two cells simultaneously.  However, this would require static coordination between interfering cell and the victim cell(s),
Thus both methods of signalling the NA info would face challenges.  However, given the above analysis, if network assistance information were to be signalled, transmitting the NA info by the interfering cell would be preferred since, compared to transmitting the NA info from the victim cell, it:

· requires less coordination between interfering cell and victim cells,

·  has less complexity for the interfering cell’s scheduler,

· is independent of backhaul delay variability

Observation 2: Transmitting the NA info from the interfering cell is less complex than transmitting the NA info from the victim cell.

Proposal 2: If some network assistance information were to be provided, it should be considered that transmit it from the interfering cell.
3 Conclusion

In this contribution we analyse the feasibility of transmitting 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.

Observation 2: Transmitting the NA info from the interfering cell is less complex than transmitting the NA info from the victim cell.

In particular, we observe that, if some network assistance information were to be signalled, transmitting it by the interfering cell would be preferred since, compared to transmitting it from the victim cell,

· less coordination is required between interfering cell and victim cells,

· the complexity is lower,

· it is independent of backhaul delay variability, and

Based on these observations we propose:
Proposal 1: Transmission of network assistance information from the victim cell should not be considered further.

Proposal 2: If some network assistance information were to be provided, it should be considered that transmit it from the interfering cell.
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