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1 Introduction
NAICS higher-layer signaling was discussed in RAN1#77. Several outstanding issues on higher-layer signaling were subsequently discussed over the RAN1 reflector, including QCL, CSI-RS, PDSCH starting symbol, and TDD-related configuration. 
Due to practical UE implementation constraint, NAICS UE cannot be expected to suppress all possible interferences. In order to reduce UE complexity, the current NAICS framework introduces RRC-parameter subset restriction to allow feasible UE implementation. On the other hand, actual interference in the neighbor cell is dynamic and may become unsolvable to NAICS UE. 
As captured as the WI objective, NAICS needs to “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 per-PRB-pair based resource allocation for interference PDSCH, and/or lack of higher-layer signaling, in a wide range of typical network deployment conditions for both CRS and DMRS-based TMs”, implying need of fallback operation to MMSE-IRC receiver. In this contribution we provide our views on this issue.

2 Discussion

2.1 Limitation of NAICS 
It is noted that NAICS UE has bounded interference cancellation/suppression capability. Some NAICS-unfriendly interference cannot be handled by NAICS UE, including the following scenarios:

· Distributed VRB:  
All RAN4 evaluation of NAICS is based on the assumption of localized VRB transmission in the neighbor cell. It has not been shown distributed VRB transmission (e.g. system information, paging, random access response), and TM2 with distributed VRB mapping in the neighbor cell can be handled by NAICS UE. 
· TM5/7:  

The current working assumption is that interference of TM5/7 in the neighbor cell is not supported by NAICS UE. When the neighbor cell schedules TM5/7, NAICS UE is not expected to handle the interference.
· 4CRS ports: 
CRS-based transmission with 4 CRS ports is not agreed to be supported by NAICS. If no agreement is reached in this meeting, interference from 4-port CRS-based transmission is not to be handled by NAICS UE .
· TM2 with 4-port CRS: DMRS-based transmission in 4-port neighbor cell is supported by NAICS. However, when neighbor cell UE configured with DMRS-based mode needs to dynamically switch to TM2, the interference cannot be handled by NAICS UE, unless 4 CRS support is to be agreed in this meeting. 
Observation:

· Interference of distributed VRB, TM5/7, and 4-port CRS-based transmission including TM2 is not expected to be handled by NAICS UE in Rel.12.
· NAICS is expected to fall back to legacy receiver when such interference occurs.
In addition, RAN4 simulation has so far assumed that when RRC-parameter subset is configured for NAICS UE, the actual interference transmission in the neighbor cell is indeed restricted within the RRC-parameter subset. Even with this ideal assumption, interference blind detection can still become unreliable and NAICS performance can be worse than MMSE-IRC in some cases (c.f. [2-3]). In real-life deployment scenario where dynamic interference can be inconsistent with the RRC-parameter subset, NAICS performance may be further degraded compared to the MMSE-IRC baseline. 
Observation:

· NAICS performance may become worse than IRC, even in the current rather ideal RAN4 simulation.
· RAN4 has not performed sufficient evaluation when the actual interference is inconsistent with the RRC-parameter subset of NAICS UE. 

2.2 Possible solutions
To ensure that NAICS performance is no worse than MMSE-IRC in all possible interference scenarios, a few solutions are possible. 
eNB scheduling restriction

In the current NAICS design, NAICS function is semi-statically enabled/disabled by the eNB.  Once NAICS function is enabled (e.g. RRC parameter provided), it cannot be turned off until a RRC-reconfiguration is done. Before NAICS function is turned off semi-statically, the neighbor eNB should avoid scheduling NAICS-unfriendly traffic, including DVRB transmission, TM5/7, 4-port CRS mode, and DCI 1A in 4-CRS port cell. Other interference scenarios where RAN4 has not confirmed NAICS performance gain shall also be avoided. Essentially eNB is required to restrict its scheduling to avoid very complicated interference scenarios that NAICS UE cannot handle. 
RAN4 testing
RAN4 can be informed to define test cases where the actual interference transmission in neighbor cell shall model all possible values in all possible properties, including interference which cannot be handled by NAICS in section 2.1 and interference outside the RRC-parameter subset. NAICS UE shall demonstrate no worse performance than MMSE-IRC receiver. 
Assuming this is feasible in RAN4, it will eliminate any scheduling restriction to the neighbor cell. If RAN1 decides this is the solution, RAN1 should inform RAN4 of the expectation that future RAN4 test case is expected to properly consider these inference situations. However if NAICS UE is found not able be meet this requirement in later RAN4 performance stage, it is unclear how this problem is to be addressed in Rel.12, especially since RAN1 has already finished the WI.
Dual-receiver capability
Another solution is through dual-receiver capability by mandating NAICS UE to decode PDSCH twice in every subframe, with MMSE-IRC and NAICS receiver respectively (c.f. [4]). This ensures no performance loss than MMSE-IRC in any possible deployment scenarios. This solution is optimal performance-wise, but comes at the expense of UE complexity.

RAN1 signaling support
Another possibility is to reuse the existing FeICIC mechanism of subframe subset restriction. In particular, two subframe subsets can be configured by higher-layer to allow eNB to turn off NAICS more flexibly. For instance 
· In subset 0 (where aggressor cell scheduling is expected to be aligned to the RRC-parameter subset and not incur unfriendly interference), 
· UE is allowed to apply NAICS function.
· In subset 1 (where aggressor cell scheduling is not expected to be aligned to the RRC-parameter subset or may incur unfriendly interference), 
· UE is expected not to apply NAICS function. UE may fall back to MMSE-IRC receiver.
In the current NAICS framework, subframe subset 0 includes all subframes, and subset 1 is empty. Scheduling restriction is imposed in all subframes. By introducing subset 1, eNB is allowed to schedule freely in subframe subset 1 without any scheduling restriction. From the UE’s perspective this does not increase the UE complexity because at most one receiver (NAICS or MMSE-IRC) is activated in any subframe. 
3 Conclusion

In this contribution we discussed fallback operation for NAICS receiver. The WI objective mandates that “NAICS receiver shall outperform MMSE-IRC receiver in all interference scenarios”, however even in the current rather ideal RAN4 simulation, this is not always achieved. Further performance degradation for NAICS is expected in the following scenarios:
· Interference of distributed VRB, TM5/7, and 4-port CRS-based transmission including TM2, which is not supported by NAICS UE in Rel.12.

· The actual interference in the neighbor cell is inconsistent with the RRC-parameter subset for NAICS UE. 

To address this problem some solutions are possible.
· Alt-1:    eNB scheduling restriction

· Alt-2：RAN4 testing 

· Alt-3:   Dual-receiver capability

· Alt-4:   RAN1 signaling support
It is suggested that RAN1 discusses this issue before the WI ends. 
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