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1	Introduction
In 3GPP RAN4 #72meeting, RAN4 has successfully completed the core part of Rel-12 NAICS WI. Meanwhile, RAN4 has also triggered the discussion on performance part, and a guideline has been provided for the group information by some companies [1].
In this contribution, we present our views on the reference receiver and signaling of performance part work according to WF [1].
· In the RAN4 #72bis the companies are encouraged to provide the views on the following aspects of NAICS UE demodulation requirements (cont.):
· Reference receiver structures and assumptions
· NAICS receiver structures to be considered in the WI Performance part
· e.g. LMMSE-IRC, E-LMMSE-IRC, SLIC, R-ML
· Methodology to define unified requirements
· NAICS fallback operation assumptions
· Assumptions on the dominant interferer selection
· NAICS higher-layer signaling parameters for the performance tests (e.g. TM subset, PA subset, blind detection granularity, etc)
· Performance metrics
2 Discussion
Reference Receiver
As discussion in companion paper [2], the test purposes of NAICS performance part may includes two aspects in general:
· Verification of NAICS receivers’ implementation in terms of achievable performance gains
· Verification of NAICS receivers’ implementation in terms of robustness (i.e. ensuring no loss vs LMMSE-IRC receiver) 
For verification of achievable performance gain, as observed from previous RAN4 discussion, it has been shown that the performance gain may be significantly different for different NAICS receiver (e.g. E-MMSE-IRC, SLIC and R-ML) depending on the simulation assumption during the SI phase. Furthermore, majority companies have the preference on SLIC and R-ML during the work item phase. So, it is reasonable to focus on SLIC and R-ML in the future performance part work.
Regarding the further receiver down-selection between R-ML and SLIC receiver, R-ML seems to attract more attentions in RAN4 previous study according to our observation. On one hand, compared with SLIC receiver, R-ML may provide more consistent performance gain under different channel and interference condition (e.g. interference level, Rank and modulation) according to the results from companies. On the other hand, ML based detection is widely studied and is considered as the most promising blind detection algorithm (e.g. modulation, RI, PMI detection) in RAN4 core part study. R-ML MIMO detector module may share the same calculation and processing unit with blind detection module in UE implementation. Therefore, it is our preference to specify R-ML receiver as the unique reference receiver for performance part work if the group can reach the consensus.
In case that RAN4 can't agree on single reference receiver type, it is no longer suitable to apply the averaging methodology when defining the unified RAN4 performance requirement. It requires further discussion on how to specify the requirement after reviewing the simulation output from companies later, as discussed in Rel-12 SU-MIMO WI.
Proposal 1: For verification of achievable performance gain, focus on SLIC and R-ML receiver in the future performance part work. Furthermore, consider the further down-selection to R-ML receiver in order to provide a better unified performance requirements.
For the verification of performance robustness (i.e. ensuring no loss vs LMMSE-IRC receiver), it is straight forward to apply LMMSE-IRC as reference receiver. 
Regarding whether to apply CRS-IC functionality with LMMSE-IRC as reference receiver, it seems deserve to utilize CRS-IC module if the assistant signaling is provided and considerable performance gain can be justified in the test case. Meanwhile, there is continuous discussion on a separate CRS-IC performance WI in RAN plenary level discussion. It will be good if RAN4 can also discuss and reach a common understanding on the linkage of CRS-IC functionality with other potential Rel-12 WI.
Proposal 2: For verification of performance robustness, consider to apply MMSE-IRC with or without CRS-IC functionality as reference receiver depending on the performance gain and the linkage of other potential WI.

Higher-layer signalling parameters
As the outcome of core part discussion, RAN1/4 has agreed to provide some assistant signaling, including Cell ID, PB , CRS port, and MBSFN pattern. Meanwhile, RAN1/4 has also agreed to provide some additional signaling to assist UE blind detection, including TM subset, PA subset and blind detection granularity, as listed below.
· TM: configurable subset is {TM1, TM2, TM3, TM4, TM6, TM8, TM9}
· PA: configurable subset is maximum 3 value out of {-6, -4.77, -3, -1.77, 0, 1, 2, 3}dB
· Blind detection granularity: configurable value is one out of {1, 2, 3, 4} PRB pairs
NAICS UE has been proven to provide considerable performance gain with arbitrary configuration of those parameter during core part phase. Meanwhile, it is also recognized the achievable performance gain of NAICS receiver may highly depend on HL signaling, e.g. configured TM subset and BD granularity.
For performance part, typically RAN4 defines the parameters of test cases according to the expected network operation, in order to provide the insight on UE performance and guidance on network planning and deployment to operator. Especially, for NAICS receiver, the performance varies in a certain range depending on the configured NAICS signaling. Therefore, it is meaningful to align the HL signaling configuration of test case with the typical network operation, in order to show the expected NAICS receiver performance under the realistic network operation. 
Similarly, there is no specified assisted signaling and corresponding UE behavior on PDSCH starting OFDM symbol and CSI-RS configuration of interference cell. Consequently, NAICS performance gain may be slightly impacted by the test case configuration. Thus, it is also preferred to align the test case configuration as typical network configuration as much as possible.
Proposal 3: In order to provide the insight on NAICS receiver performance in realistic network operation, align the HL signaling configuration of test cases with the typical network operation, according to the input of operators.

Dominant interferer selection
Dominant interferer selection issue has been discussed during core part phase. RAN4 group has reached the consensus that dominant interferer selection is UE implementation issue, and no explicit standardization is needed. In general, two approaches have been proposed:
· CRS RSRP power based approach
· PDSCH power based approach
First of all, we would like to recall the agreement that Rel-12 NAICS is to limit total layer up to 3 and one PDSCH. Thus, even UE may experience different strongest interference cells on different PRB-pairs due to e.g. channel fast fading or  partial loading scenario as shown in Figure 1, the baseline UE behavior is to select and handle one wideband strongest interference, i.e. one same interference cell over the whole band. In other words, it shouldn't require UE to handle different interference cell on different PRB pairs within one TTI.  
Secondly, regarding on how to perform wideband strongest interference (e.g. CRS RSRP based or PDSCH power based), on one hand, PDSCH power based approach may provide a certain benefit in some scenarios, for example under interference OFF/ON pattern, or beam-forming PDSCH transmission with 8Tx. The performance gain strongly depends on the interference profile. On the other hand, PDSCH power approach may require additional iterative blind detection processing and the detection reliability and feasibility need to be further studied.
Overall, our understanding is that dominant interferer selection is UE implementation issue. Both CRS RSPR power based and PDSCH power based approached should be allowed by test case design. It is unnecessary to specify and test UE behavior on dominant interferer selection. 
Proposal 4: Rel-12 NAICS baseline receiver is limited to handle one wideband strongest interference on each TTI. It is unnecessary to specify and verify UE behavior on dominant interferer selection in test case design.


Figure 1: Frequency Selective Interference model

NAICS fallback operation assumptions
For NAICS fallback operation, eNB may setup or release the NAICS configuration in order to semi-statically enable or disable NAICS receiver. Meanwhile, RAN1 also agreed that no NAICS-specific trigger for activation from a UE in Release 12 during the core part discussion. Thus, the dynamic fallback mechanism is UE implementation issue in case that correct NAICS signaling is configured while ensuring at least no performance loss compared with MMSE-IRC receiver. Depending on the implementation consideration of each company, UE may implement dual decoding receiver, e.g. always fall back to MMSE-IRC receiver followed by NAICS receiver in case of NACK or vice versa. Alternatively, UE may smartly fall back to MMSE-IRC receiver after NAICS non-favorable condition is detected. For example, interference level is not strong enough, or the interference has a high rank and high modulation combination, or the channel estimation accuracy can't be guaranteed (e.g. non-colliding CRS case or some mixed TM cases).
Overall, the dynamic fallback mechanism is UE implementation issue, while ensuring no performance loss compared with MMSE-IRC receiver in case that correct NAICS signaling is configured.
Proposal 5: Dynamic fallback mechanism is UE implementation issue.

TDD Special Subframe
As the output of core part discussion, RAN1 agreed that no special subframe configuration signaling is introduced and UE may assume the same special subframe configuration between the serving and interference cell(s) for which NAICS signaling is provided. 
With the agreement above, UE may be able to turn on the NAICS receiver on special subframe while the performance gain is for further study. Firstly, since the data RE number is smaller than normal subframe, the performance gain of NAICS receiver will be reduced. Secondly, the reduced data RE number may also impact the blind detection reliability thus further reduce the NAICS performance gain. Overall, the performance gain of enabling NAICS receiver on special subframe may depend on the exact special subframe configuration and further evaluation is required.
Proposal 6: Performance gain of enabling NAICS receiver on special subframe depends on the exact special subframe configuration and further evaluation is required.

Performance metric
Regarding the performance metric, two metrics have been considered so far in previous RAN4 requirements, i.e. absolute performance and relative performance gain compared with MMSE-IRC receiver.
In general, the absolute performance is adopted in PDSCH demodulation since it provides the actual expected performance in realistic network operation. The relative performance gain is typically used in CSI test. Although the relative performance gain may provide additional useful information to operator network deployment, one of the major drawbacks is that UE with better MMSE-IRC receiver performance may be punished.
Therefore, it is our preference to use the absolute performance as test metric in NAICS PDSCH demodulation test cases.
Proposal 7: Prefer to use the absolute performance as test metric in NAICS PDSCH demodulation test cases.

3 Conclusion
In this contribution, we discuss and present our views on the reference receiver and signaling of performance part work according to WF [1].
Proposal 1: For verification of achievable performance gain, focus on SLIC and R-ML receiver in the future performance part work. Furthermore, consider the further down-selection to R-ML receiver in order to provide a better unified performance requirements.

Proposal 2: For verification of performance robustness, consider to apply MMSE-IRC with or without CRS-IC functionality as reference receiver depending on the performance gain and the linkage of other potential WI.

Proposal 3: In order to provide the insight on NAICS receiver performance in realistic network operation, align the HL signaling configuration of test cases with the typical network operation, according to the input of operators.

Proposal 4: Rel-12 NAICS baseline receiver is limited to handle one wideband strongest interference on each TTI. It is unnecessary to specify and verify UE behavior on dominant interferer selection in test case design.

Proposal 5: Dynamic fallback mechanism is UE implementation issue.

Proposal 6: Performance gain of enabling NAICS receiver on special subframe depends on the exact special subframe configuration and further evaluation is required.

Proposal 7: Prefer to use the absolute performance as test metric in NAICS PDSCH demodulation test cases.
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