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1 Introduction
In RAN 63 a WI was approved for NAICS with the following objectives for RAN 4 [1].
· (RAN4)  Identify and agree on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters.
The intention of this objective is to conclude on the feasibility of parameters blind detection. The subsequent RAN 4 work will be to define performance requirements:

Specify demodulation and CSI feedback performance requirements based on the signalling of interference parameters as specified in the core part of the work item, as well as on the assumed UE blind detection as agreed in RAN4. 

· Target a unified performance requirement for the above considered NAICS receivers, including requirement covering both DMRS and CRS
· Ensure no performance loss compared to LMMSE-IRC receivers in all interference PDSCH scenarios including different transmission modes than that of desired PDSCH, per PRB or PRB-pair based resource allocation for interference PDSCH,  and/or lack of higher-layer signalling, in a wide range of typical network deployment conditions (including also 4Tx) for both CRS based and DM-RS based TMs. 
One important aspect which has not been discussed carefully nor in RAN 4 or in RAN 1 is how the UE detects which interferer is the strongest and needs to be cancelled. In this contribution we aim at starting discussing this issue.
2 Strongest interferer blind detection
Before discussing about UE methodologies to detect the strongest interferer it seems essential to define what “strongest interferer” is. The strongest interferer could be referred to as the cell which is received by the NAICS UE with the highest average received signal strength. 

This can be computed by considering CRS resource elements or the PDSCH resource elements; the average can be computed by considering the entire bandwidth or only a portion of the bandwidth (e.g. X PRB).   

In contribution [2] we stress the importance of considering both PDSCH and CRS cancellation or mitigations in all subframes as part of NAICS functionality. In addition, in certain conditions which are not favorable to PDSCH cancellation, the UE could fall back to CRS-IC receiver, rather than rel-11 LMMSE-IRC receiver. 
The effect of CRS-IC also depends on the deployment conditions. For example, in case of non shifted CRSs the use CRS-IC will mainly affect the channel estimation quality for CRS based transmission modes (which will affect at the end the throughput performance) and it will affect the noise estimation term in the CQI computation; in shifted CRS deployment, the use of CRS-IC will have directly an impact on the PDSCH demodulation performance as CRSs collides with PDSCH, and depending on the load and traffic conditions the overall throughput performance will be more or less affected. The use of PDSCH interference cancellation affects both the PDSCH demodulation performance and CSI feedback computation depending on the condition and depending whether “pre” or “post” NAICS CQI is considered. 

The quantitative effect of PDSCH and/or CRS interference cancellation or mitigation on performance, hence, depend on the deployment conditions, received power level, scheduling decisions etc etc … and on the performance metric which is considered. 
In the context of NAICS some assistance signalling will be provided to the UE to lower the parameters blind detection complexity, however, the identity of the strongest interferer will clearly be detected by the UE as it highly depends on the received signal strength which the UE can measure. However, the methodology the UE follows in order to detect the strongest interferer is not clear.

In particular, if the UE supports only CRS-IC functionality then it seems appropriate to choose the strongest CRS interferers (based for example of RSRP measurements), however if the UE supports both PDSCH interference cancellation/mitigation and CRS-IC, it is not straightforward to decide which methodology to follow to select the strongest interferer. It should be noted also that PDSCH interference can be bursty in its nature in both time and frequency domain and that it can happen that a cell is in DTX for a certain period of time while still transmitting CRSs.

Considering the above the UE could for example 

· The UE could select the strongest interferer based only on CRS (i.e. based on RSRP) and cancelling PDSCH only if detected as present. Under this methodology the UE does not select the strongest PDSCH interferer which may lead to suboptimal performance in certain scenarios. For example scenarios where this can happen is when two or more interferers can be considered as dominant in terms of RSRP but the PDSCH interference on one of the cell (not the strongest) has some beamforming gain which boost the PDSCH signal strength compared to the CRS signal strength, or for example the case when the strongest (RSRP-based) interferer is DTX. The effect of this selection method on performance is not clear.
· The UE could select the strongest interferer based only on PDSCH signal strength. This methodology could solve the issue in scenarios mentioned above, however it might not lead to efficient CRS cancellation in certain deployment conditions. In general the PDSCH interference varies in both time domain and frequency domain due to bursty conditions of the traffic and/or fading. It is not clear whether a fine tracking of the PDSCH strongest interferer is needed for example in frequency domain (e.g. per PRB pair following the blind detection agreements) or whether an average PDSCH received power spectral density is sufficient in order to guarantee good performance in many scenarios.  

· The UE might also need to decouple the cells for which CRSs need to be cancelled and the cell for which PDSCH needs to be cancelled (considering also that CRS-IC may target cancellation of 2 strongest interferer while in the context of Rel-12 PDSCH cancellation or mitigation is limited to 1 cell and 3 layers). In that way the UE would independently select the cells according to CRS signal strength and PDSCH signal strength respectively. However, CRS-IC might need to be implemented anyway to e.g. enhance channel estimation for the cell for which PDSCH needs to be cancelled/mitigated.

Of course several alternative methodologies exist in order to select the strongest interferers and here we have listed only some examples. Moreover the exact UE algorithm is at end UE implementation specific. However, the scenarios so far considered in RAN 4 (Scenario 1 and Scenario 2) may not be generic enough as they represent a situation when the strongest interferer has an average received power spectral density which is much higher than the second interferer. In a situation as such, RSRP based methodologies could potentially be considered as sufficient, as the second interferer is so low that whether or not it is cancelled does not necessarily have significant impact on the overall performance. However, NAICS feature needs to be applicable to a large variety of possible deployment conditions and interference conditions and it is not clear whether RSRP based strongest interferer methodologies can guarantee performance benefits in real network, considering that the main scope of NAICS functionality is to cancel PDSCH interference.

However, such studies require system level analysis. Hence, it is proposed to liaise back to RAN 1 asking RAN 1 to perform some system level analysis to understand whether RAN 4 can assume a simple RSRP based strongest interferer selection for the derivation of the requirements or whether the conditions should be changed in order to make sure that also PDSCH interference level is taken into account when selecting the strongest interferer. 

Proposal: Kindly ask RAN 1 to perform some system level analysis to understand whether RAN 4 can assume a simple RSRP based strongest interferer selection for the derivation of the requirements or whether the conditions should be changed in order to make sure that also PDSCH interference level is taken into account when selecting the strongest interferer.
3 Conclusions

In this paper we have started the discussion of the UE methodology to detect the strongest interferer. It is proposed to ask RAN 1 via an LS, to perform some system level analysis to understand whether RAN 4 can assume a simple RSRP based strongest interferer selection for the derivation of the requirements or whether the conditions should be changed in order to make sure that also PDSCH interference level is taken into account when selecting the strongest interferer 
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