
3GPP TSG RAN WG1 Meeting #78
R1-142905
Dresden, Germany, 18th – 22nd August, 2014
Source:
CATT
Title:
Support of fall-back operation for NAICS 
Agenda Item:
7.2.4.2
Document for:
Discussion and Decision
1 Introduction
Semi-static signalling of interference parameters for NAICS was discussed in RAN1#77. Several outstanding issues were subsequently discussed over the RAN1 reflector, including signaling of QCL, CSI-RS, PDSCH starting symbol, and TDD-related configuration. 
It is expected that semi-static signaling is provided only when UE is capable of NAICS functionality, and when the network considers the interference condition sufficiently suitable to enable such NAICS functionality. Since interference is dynamic, how to ensure that the semi-static signaling is consistent with the dynamic interference needs to be investigated, to ensure that NAICS does not suffer from incorrect interference assumption. As captured as the WI objective, NAICS needs to “ensure no performance loss compared to LMMSE-IRC receivers in all interference PDSCH scenario 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”, which indicates a need of fallback operation. In this contribution we provide our views on this issue.
2 Discussion
The most basic premise of NAICS is that the higher-layer signalled interference and the dynamically received interference are aligned, such that the UE’s interference assumption is correct and will improve PDSCH decoding. When interference assumption is wrong, NAICS performance can be severely degraded e.g. UE cancels something that should not be cancelled at all. In reality, interference changes dynamically from subframe to subframes due to aggressor cell scheduling, leading to a potential mismatch of the semi-static interference assumption. Such a mismatch may arise due to several reasons, e.g., mismatch of TM, mismatch of demodulation RS (e.g. DMRS-based vs. CRS-based), mismatch of VRB mapping (localized vs. distributed), mismatch of PA, and any semi-static parameter restriction. RAN4 simulation has shown that when the assumed interference and the actual interference are mismatched, severe performance loss can be observed (c.f. [2-3]) and NAICS performance can be worse than the baseline MMSE-IRC receiver. 
Observation:

· NAICS performance may be worse than the Rel.11 MMSE-IRC receiver, when interference assumption is mismatched to the actual interference.
It is clear that an aggressor eNB cannot be mandated to always follow the higher-layer restricted parameters when performing scheduling. For instance, the aggressor eNB may need to schedule a newly arrived UE whose transmission properties do not match the interference assumption configured for a serving cell UE. The aggressor cell may need to schedule TM7 which is excluded in NAICS interference scenario. It may also need to schedule system information, paging, and random access response whose transmission property (e.g. VRB mapping) are mismatched to or not supported by NAICS signaling. In these events, a mechanism is needed to ensure that NAICS UE can reliably fallback to Rel.11 MMSE-IRC receiver. This is critical to preserve network scheduling flexibility; otherwise the network risks a performance loss when turning on the NAICS functionality. 
It may be argued that this problem can be solved in future RAN4 performance requirement by defining proper test case, under which UE must blindly detect all interference parameters sufficiently reliable and outperform MMSE-IRC in all interference scenarios. However, it is unclear if this is feasible in RAN4.
· Current RAN4 study assumed that interference parameter blind detection is only performed for one parameter (or a small set of parameters), assuming all other interference parameters are ideally known. It is unclear in the future if RAN4 would define test cases that mandate jointly blind detection of all interference parameters. If not, it cannot be ensured that NAICS receiver would not result in worse performance than MMSE-IRC in realistic deployment scenarios with complicated interference conditions. 
· A major feature of the WI is to configure restricted subset to reduce UE blind detection complexity. With subset restriction, interference blind detection is always performed within the configured subset. If the actual aggressor cell interference is not within the configured subset, mismatch will always occur regardless how accurate the blind detection is.  
These problems have been discussed in RAN4#71 and it was suggested that some RAN1 signaling mechanism could be beneficial to ensure no performance loss (c.f. [5]).
To address this issue, one 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 that when interference mismatch occurs, UE always falls back to MMSE-IRC receiver. This is the optimal approach but comes at the expense of UE complexity.
Another possibility is to reuse the existing FeICIC mechanism of subframe subset restriction. In particularly, two subframe subsets can be configured (e.g. subset 0 and 1) by higher-layer to enable/disable NAICS functionality. For instance 
· In subset 0 (where aggressor cell scheduling is expected to be matched to the HL-signalled interference), UE is allowed to apply NAICS decoding. 
· In subset 1 (where aggressor cell scheduling cannot be guaranteed to match the HL-signalled interference), UE shall fall back to Rel.11 MMSE-IRC receiver and skip NAICS processing.

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. From the aggressor cell’s perspective, subset 1 does not suffer from scheduling restriction and can be reserved for traffic that is prone to creating interference mismatch.
3 Conclusion
In this contribution we discussed fallback operation for NAICS receiver. It is noted that higher-layer signaling incurs scheduling restriction to the aggressor cell, and the following observation is noted:
Observation:

· NAICS performance may be worse than the Rel.11 MMSE-IRC receiver, when interference assumption is misaligned to the actual interference.

To address this problem some solutions are possible.
· Alt-1:  Mandate dual-receiver capability in Rel.12, where a NAICS UE shall always decode PDSCH twice with MMSE-IRC and NAICS receiver in every subframe.
· Alt-2:  Reuse existing FeICIC subframe subset mechanism, where two subframe subsets are configured by higher-layer, and NAICS decoding is allowed to be performed in one subframe subset using the configured interference parameters. 
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