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1 Introduction
From RAN4#70bis to RAN4#72 meetings, the NAICS core part work was addressed by RAN1/4. Following the progress achieved during this phase, signaling for Rel-12 NAICS was agreed upon. RAN4 concluded on the aspects related to blind detection of parameters, with RAN1 subsequently defining the signaling framework. As the WI progresses into the performance part, the objectives as per the WID are

· 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 signaling, in a wide range of typical network deployment conditions (including also 4Tx) for both CRS based and DM-RS based TMs.

In this paper, we present our views on the general considerations for Rel-12 NAICS performance requirements. Specifically, we address the following topics:
· Receiver Selection
· Fallback Operation
· CRS Collision Patterns

· Blind Detection Granularity

· Transmission Modes
· eIMTA

· Four antenna ports

· CSI test cases

2 Aspects of NAICS Performance Part
In this section, we cover the aspects impacting NAICS performance part as listed above.
2.1 Receiver Selection
During the SI / WI core part, three advanced receiver candidates were studied namely SL-IC, R-ML and E-LMMSE-IRC. The WID mandate is to “Target a unified performance requirement for the above considered NAICS receivers” [1]. As observed previously during the SI / WI phases NAICS gains from SLIC and R-ML receivers are greater than ELMMSE-IRC receivers in multiple scenarios [3]. Therefore, in order to being maximum gains to Rel-12 networks via NAICS processing, our view is that the requirements should be set based on SLIC/R-ML receivers which have comparable performance.
Proposal 1: Target a single unified UE demodulation performance requirement based on SLIC and R-ML receivers in the Rel-12 NAICS UE demodulation requirements. Propose to deprioritize the ELMMSE-IRC receiver, since the observed gains are lower in many cases.
2.2 Fallback Operation

On fallback, the WID states the following: “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 signaling”. From a RAN4 point of view, the scenarios to fallback to Rel-11 MMSE-IRC performance needs to be discussed. We propose the following:
Proposal 2: The fallback performance of Rel-12 advanced receiver should be no worse than the Rel-11 MMSE-IRC performance. Propose to have RAN4 demodulation test cases to ensure this behaviour.
· Proposal 2.1: Lack of NAICS Signaling: In the absence of NAICS signaling, the NAICS UE is expected to perform no worse than the Rel-11 MMSE-IRC receiver.

· Proposal 2.2: Incorrect Signaling: If the NAICS signaling is incorrect, i.e., eNB does not follow the signaled parameters in its transmission, there should be no performance requirement on the NAICS UE. Incorrect information from the eNB may mislead the UE into false detections and we propose that no requirements be imposed on the UE under such scenarios.
· Proposal 2.3: Reliability of NAICS processing: As observed during the study item and work item phase, there could be some scenarios in which NAICS receiver processing may not be reliable both in terms of blind detection and demodulation. This can happen due to specific combinations of parameters including, the RSRP of serving / interfering cells, modulation order, rank, TM etc. The exact scenarios need further discussion during test case definition.

3 Interference Scenarios

3.1 Non-Colliding CRS patterns
Results were presented in the previous RAN4 meeting [4] for the non-colliding CRS case showing that significant NAICS gains can be obtained with non-colliding CRS interferer. 
Proposal 3: UE demodulation test cases covering non-colliding CRS interferer scenarios should be included in the WI performance part.
3.2 Transmission Modes

3.3 CRS/DMRS Based TMs

The cases that have been studied in most detail in the SI and WI phases are TM4 only and TM9 only scenarios. We propose the following approach to further progress on test case definitions.
Proposal 4: Define demodulation test cases with TM4-only (serving and interfering cells) scenarios and TM9-only scenarios (serving and interfering cells) as a first priority since they were discussed the most during the SI/WI phases and are analyzed in detail in RAN4, while further discussion occur on other scenarios.
3.4 Mixed TM Scenarios

In Rel-12 deployments, it is possible to have scenarios with mixed CRS and DMRS based transmission modes. As of now, limited conclusions are available in RAN4 for these scenarios. We propose to continue further discussions on mixed TMs before concluding on test case definitions.

3.5 Blind Detection Granularity

The RAN4 consensus agreement [5] was “Interferer parameters are assumed to have granularity of at least 1 PRB pair in time by the NAICS UE. Larger granularity in frequency can be signalled without any impact on scheduling”.

3.5.1 Frequency Selective Interference Model

In field deployments, interference properties may vary across the bandwidth due to multiple UE’s being scheduled with different transmission parameters. UE demodulation test cases with frequency selective interference model can be helpful verifying the performance in such scenarios. Therefore, we propose to discuss such cases further in the WI performance part.

Proposal 5: Define UE demodulation test cases consistent with the RAN4 agreement of 1 PRB pair assumption for interference parameter granularity. In order to accomplish this, frequency selective interference should be considered. The exact details of modeling frequency selectivity need further discussion.

3.6 Handling of eIMTA

Given that no signalling support for eIMTA was agreed in the WI core part, and there is no RAN4 consensus on the feasibility blind detecting dynamic UL/DL configurations, we propose to not impose enhanced performance requirements on the NAICS UE. 
Proposal 6: Propose to not require enhanced UE performance requirements for eIMTA scenarios.
3.7 Four Antenna Port Transmissions

For deployments with 4 TX antennas, DMRS based TMs employing up to Rank 1 or 2 transmissions are agreed to be within the scope of Rel-12 NAICS. However, for CRS based TMs, the following two complexity constraints exist:

· Firstly, 4 Tx CRS-IC is not established in RAN4. The complexity of 4 TX CRS-IC needs to be taken into account when evaluating the overall complexity addition for NAICS.

· Secondly, the increased number of precoding hypotheses (32 hypotheses for 4 TX compared to 6 hypotheses for 2 Tx CRS APs) has meant that there is no RAN4 consensus on 4 CRS APs precoding detection. Therefore, we propose the following:
Proposal 7:
· Propose to not support enhanced performance requirements for 4 TX based CRS-TMs in Rel-12, while fallback to Rel-11 MMSE-IRC needs to be ensured.
· On the other hand, enhanced performance requirements would be supported for 4 TX based DMRS-TMs for up to rank 2 transmissions as already agreed by RAN4.

4 Conclusions
In this paper, we discussed the scope of Rel-12 NAICS and proposed the following:
Proposal 1: Target a single unified UE demodulation performance requirement based on SLIC and R-ML receivers in the Rel-12 NAICS UE demodulation requirements. Propose to deprioritize the ELMMSE-IRC receiver, since the observed gains are significantly lower in many cases.

Proposal 2: The fallback performance of Rel-12 advanced receiver should be no worse than the Rel-11 MMSE-IRC performance. Propose to have RAN4 demodulation test cases to ensure this behaviour.

· Proposal 2.1: Lack of NAICS Signaling: In the absence of NAICS signaling, the NAICS UE is expected to perform no worse than the Rel-11 MMSE-IRC receiver.

· Proposal 2.2: Incorrect Signaling: If the NAICS signaling is incorrect, i.e., eNB does not follow the signaled parameters in its transmission, there should be no performance requirement on the NAICS UE. Incorrect information from the eNB may mislead the UE into false detections and we propose that no requirements be imposed on the UE under such scenarios.

· Proposal 2.3: Reliability of NAICS processing: As observed during the study item and work item phase, there could be some scenarios in which NAICS receiver processing may not be reliable both in terms of blind detection and demodulation. This can happen due to a combination of parameters including, the RSRP of serving / interfering cells, modulation order, rank, TM etc. The exact scenarios need further discussion during test case definition.

Proposal 3: UE demodulation test cases covering non-colliding CRS interferer scenarios should be included in the WI performance part.

Proposal 4: Define demodulation test cases with TM4-only (serving and interfering cells) scenarios and TM9-only scenarios (serving and interfering cells) as a first priority since they were discussed the most during the SI/WI phases and are analyzed in detail in RAN4, while further discussion can continue on other scenarios.
Proposal 5: Define UE demodulation test cases consistent with the RAN4 agreement of 1 PRB pair assumption for interference parameter granularity. In order to accomplish this, frequency selective interference should be considered. The exact details of modeling frequency selectivity need further discussion.

Proposal 6: Propose to not require enhanced UE performance requirements for eIMTA scenarios.

Proposal 7: Four Antenna Ports:

· Propose to not support enhanced performance requirements for 4 TX based CRS-TMs in Rel-12, while fallback to Rel-11 MMSE-IRC needs to be ensured.

· On the other hand, enhanced performance requirements would be supported for 4 TX based DMRS-TMs for up to rank 2 transmissions as already agreed by RAN4.
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