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1 Introduction

In the RAN4 72bis meeting, many discussions were raised for NAICS demodulation requirements, and there reached some agreements in principle, which were captured in chairman notes [1]:

· Use the same interference scenarios and profiles that are agreed till now, 

· Narrow down the interference profile, 

· Consider additional scenarios if necessary
· Set up test cases for FDD in the first phase and for TDD in the second phase. TDD tests will be introduced
· Practical case from beginning same as CoMP or feICIC (to be finalized later on the 2 interfering cells), specific test case setup will be discussed in a later stage
· Assume perfect PDCCH decoding under medium and low interference level in simulations
· Simulation under high interference level need to ensure the PDCCH impact to PDSCH is minimized (solution TBD).

· Based on all UE vendors and operator inputs, down select to R-ML and SLIC for 2CRS ports for demodulation performance definition. 
· CSI performance definition for receiver types is for further discussion. 
· Receiver type for 4 CRS port support will be discussed further. 
· E-MMSE-IRC performance results could also be submitted separately for consideration.
· The SNR of 70% throughput of the maximum throughput is compared in simulation alignment. The SNR at this point is the final metric to use for demod requirements
Also, a WF [2] was drafted in the last meeting to capture initial simulation assumptions for simulation alignment, but not approved because some companies wanted to involve CRS-RS and PDCCH decoding impact into simulation. 
Currently, there are many remaining issues to be clarified for NAICS demodulation requirements. In this contribution, we would discuss the demodulation requirements based on the agreements and progresses achieved in the last meeting, and show our preference on NAICS demodulation requirements. 
2 Discussion on NAICS demodulation tests
2.1 Test purposes

In the last meeting, there was consensus on at least the two test purpose for NAICS demodulation requirement, one is verification of performance gain and another is verification of robustness. Some concerns from other companies are not ruling out other test purpose, such as blind detection, combination of PDSCH-IC and CRS-IC. In our opinion, those capability will also be verified together in demodulation tests.  So, the test purposes on NAICS demodulation requirement could be confirmed as:

Proposal 1:

Two kinds of test cases should be introduced for NAICS demodulation requirements: vverification of performance gain and verification of robustness
2.2 Reference receiver structure
In this section, we would discuss three aspect of reference receiver:
· Scope of NAICS receiver

· Definition of legacy receiver
· UE behaviour of NAICS receiver fallback to legacy receiver
Scope of NAICS receiver
For NAICS UE, three individual receiver functionalities are required, which are blind detection for interference parameters, advanced receiver, and RS-IC (such as CRS-IC)
Proposal 2:

NAICS receiver would contain three individual receiver functionalities, which are

· Blind detection for interference parameters

· Advanced receiver, such as R-ML or SLIC

· RS-IC, such as CRS-IC
Regarding the blind detection, we would like to clarify the behaviour of blind detection for the purpose of the alignment on UE behaviour, as following:
	Parameters
	Whether Blind detect?
	Notes

	PDSCH starting symbol
	Blind detection
	NAICS UE could assume the starting symbol is the same as CFI.

	Interference ON/OFF
	blind detection
	NAICS UE doesn’t need to correctly detect presence/absence of TM10 interference

	Transmission mode
	blind detection
	NAICS UE only need to correctly distinguish 5 options: {TM1, TM2, TM3, TM4/6, DMRS-based TM}
NAICS UE doesn’t need to correctly detect the TM of TM10 interference.

	DMRS port
	If DMRS based transmission, blind detection
	NAICS UE only needs to detect the existence of Port7 and Port8. 

	Precoding matrix and rank
	If TM4 transmission and 2 TX, blind detection 
	

	Pa
	If CRS-based transmission, blind detection
	

	modulation order
	blind detection
	

	CSI-RS
	No
	NAICS UE assume there isn’t CRS-RS transmission of interference cell

	TDD special configuration
	No
	NAICS UE assume the same TDD related configuration as serving cell 


Proposal 3:

RAN4 should keep an alignment of UE behaviours for NAICS blind detection, especially for the following aspects:

· The PDSCH starting symbol could be achieved from PCFICH

· NAICS UE is always assuming the alignment of NAICS signaling and interference condition

· NAICS UE is not required to detect the TM10 interference

· NAICS UE is not required to detect the absence of CSI-RS

· NAICS UE is always assuming the same TDD related configurations as serving cell
Regarding the advanced receiver, it seems a common agreement on using R-ML (SL-IC) receiver to suppress inter-cell interference, and treated E-LMMSE-IRC as low priority.

Regarding the RS-IC, it’s also common understanding in RAN4 that, in current RAN4 evaluation (mainly 2 CRS ports), RS-IC is essential for obtain the NAICS gain, and there is no consensus on whether to introduce CRS-IC on 4 CRS port. In our opinion, 4 CRS port CRS-IC would increase the implement complexity on UE receiver, it could be considered in further UE capability. 
Proposal 4:

Regarding NAICS receiver, E-LMMSE-IRC and CRS-IC for 4 CRS port would not be taken into consideration in R.12 NAICS scope.
Definition of legacy receiver
Claimed in NAICS WID, NAICS receiver should ensure no performance loss compared to legacy receiver. Then one remaining issue to be clarified is whether RS-IC receiver should be included in legacy MMSE-IRC receiver, in our opinion, CRS-IC is not mandatory without FeICIC signalling for R.11 UE, so it’s naturally not involved CRS-IC into legacy LMMSE-IRC receiver for the purpose of show NAICS gain.: 

Proposal 5:

CRS-IC is not involved in the LMMSE-IRC receiver to which NAICS receiver is required to perform better.
NAICS fallback operation assumptions

So far, many companies have provided simulation results to show variable NAICS gains for different test cases, so there has a question that which test cases would be suitable for NAICS gain requirement, and which one is better for robustness. In our opinion, RAN4 shall reach a general principle how to define the UE fallback operation for the purpose of clarifying which test cases are suitable for NAICS gain tests or nor. For example, a general principle could be:
· If the practical performance gain of NAICS receiver over MMSE-IRC receiver is below x.x dB (e.g. 1.0dB @70% maximum throughput), the NAICS UE could fallback to MMSE-IRC receiver.

Proposal 6:

The NAICS UE could fallback to MMSE-IRC receiver as long as the practical performance gain of NAICS receiver over MMSE-IRC receiver is below x.x dB (e.g. 1.0dB @70% maximum throughput).
Another issue of NAICS fallback operation assumptions is that whether NAICS UE needed to check the truth of NAICS signalling. In another words, whether NAICS UE should be required no-performance loss if the interference condition is not aligned with NAICS high-layer signalling. In our opinion, checking the consistency of NAICS high signalling and interference condition would greatly increase implement complexity and beyond the UE’s responsibility. So, we think the inconsistency of NAICS high signalling and interference condition is not a valid fallback scenarios.
Proposal 7:

The inconsistence of NAICS high signalling and interference condition is not a valid fallback scenario. In another words, NAICS UE would not guarantee no-performance-loss over MMSR-IRC when the signalling and interference condition are not aligned.
Regarding the TM10 interference, we think that UE could directly fallback to R.11 MMSE-IRC receiver if the NAICS high-layer signalling indicates that TM10 is possible present. The reason is that: 

· A NAICS UE is unable to verify the existence of TM10 transmission mode, because the blind detection of Vcell-ID is too complex to be applied.

· A NAICS UE is unable to suppress the TM10 interference, because UE couldn’t achieve correct time and frequency synchronization with interference. 

· Regarding the above behaviour, if the a TM10 interference occur, NAICS UE would fail to detect the existence of DMSR port and then falsely treat the TM10 interference as some kinds of CRS-based interference, and then perform a wrong interference suppression and cancellation.
With the following consideration, we propose that:

Proposal 8:

The NAICS UE could directly fallback to MMSE-IRC receiver as long as the TM10 transmission mode is indicated as possible interference conditions.

2.3 Test setups
In this section, we would discuss the test setups for NAICS demodulation requirements. As we mentioned, WF [2] had already discussed the initial simulation assumptions but failed to be agreed.
Interference profiles 
As discussed in our contribution [5], we have shown that only using extreme high interference level for NAICS gain requirement would result in some drawback:
· Misleading the NAICS gain.

· Only verifying the UE in unrealistic network, but not guaranteeing a correct UE behaviour in real-network.

· Suffering the PDCCH interference issues

· Causing some bad UE implementation, such as only perform NAICS receiver in artificial network while fallback to MMSE-IRC receiver in real-network.
So, with respect to avoiding such problem and making NAICS functionality useful in real network, we proposed

 Proposal 9:

Both high and medium interference level should be considered for NAICS gain requirement. 
CRS pattern and transmission mode
Regarding CRS pattern and transmission mode, we think different combination of CRS-colliding/non-colliding and transmission model should be taken into consideration, further determine which test cases are suitable for NAICS gain or robustness test depending on aligned evaluation results.
Proposal 10:

CRS-colliding/non-colliding and combination of different transmission should be considered to be a NAICS gain test or robustness tests. 
Time/Frequency offsets
Realistic time and frequency offset is necessary to for NAICS demodulation tests, and simulation results in our contribution [xx][xx] have already involved time-frequency offset. Regarding the values, we propose reusing the values of time and frequency offsets in CoMP (2us and 200Hz) and not need to re-discuss them.
Proposal 11:

Adopt the time/frequency offset (2us and 200Hz) in R.11 CoMP in NAICS demodulation requirements for both NAICS gain and robustness tests.
Randomized interference model
Considering the interference types, some companies proposed to capture randomized interference model for NAICS requirement. In our opinion, it’s quite reasonable to do it for the purpose of avoiding UE personally perform blind detection within enlarged PRB group. Regarding how to model it, we suggest that:
· Currently, for better aligning the demodulation results between different companies, randomized interference mode could not be used. 

· When define the final NAICS demodulation tests cases, some kinds of randomized interference model could be introduced.

· The absence of PDSCH interference is not a candidate interference condition for randomized interference model, because a bad UE implement with CRS-IC receiver and too-much fallback is possible to provide sufficient performance gain to pass the tests.
Based on the above consideration, we propose that:
Proposal 12:

Randomized interference model should not be used in simulation alignment, but could be used in final test setup. Also, the absent of PDSCH interference is precluded as a candidate interference state.
Impacts of CCH interference
In the last meeting, there is much discussion on whether to model PDCCH interference and there had a general agreement that:

· Assume perfect PDCCH decoding under medium and low interference level in simulations
· Simulation under high interference level need to ensure the PDCCH impact to PDSCH is minimized (solution TBD).

In our opinion, as long as the proper simulation assumptions could be selected with purpose of not leading a very load SNR, the perfect PDCCH decoding could be assumed
Proposal 13:

Perfect PDCCH decoding under high interference level could be also assumed with choosing proper simulation assumptions which not lead to very low SNR.
As RAN4 has not agreed how to detect the PDSCH starting symbol of interference cell, which means the starting symbol could also be derived by decoding the PDCIFH channel. In this situation, the PCFICH channel should be modelled in interference signal. 
Proposal 14:

The PCFICH channel should be present in interference signals
3 Conclusion
In this contribution, we discuss how to define the NAICS demodulation requirements based on the progresses achieved in the last RAN4 meeting. Based on our analysis and observation, here are the summary of our proposals:
Proposal 1:

Two kinds of test cases should be introduced for NAICS demodulation requirements: vverification of performance gain and verification of robustness
Proposal 2:

NAICS receiver would contain three individual receiver functionalities, which are

· Blind detection for interference parameters

· Advanced receiver, such as R-ML or SLIC

· RS-IC, such as CRS-IC
Proposal 3:

RAN4 should keep an alignment of UE behaviours for NAICS blind detection, especially for the following aspects:

· The PDSCH starting symbol could be achieved from PCFICH

· NAICS UE is always assuming the alignment of NAICS signaling and interference condition

· NAICS UE is not required to detect the TM10 interference

· NAICS UE is not required to detect the absence of CSI-RS

· NAICS UE is always assuming the same TDD related configurations as serving cell
Proposal 4:

Regarding NAICS receiver, E-LMMSE-IRC and CRS-IC for 4 CRS port would not be taken into consideration in R.12 NAICS scope.
Proposal 5:

CRS-IC is not involved in the LMMSE-IRC receiver to which NAICS receiver is required to perform better.
Proposal 6:

The NAICS UE could fallback to MMSE-IRC receiver as long as the practical performance gain of NAICS receiver over MMSE-IRC receiver is below x.x dB (e.g. 1.0dB @70% maximum throughput).
Proposal 7:

The inconsistence of NAICS high signalling and interference condition is not a valid fallback scenario. In another words, NAICS UE would not guarantee no-performance-loss over MMSR-IRC when the signalling and interference condition are not aligned.

Proposal 8:

The NAICS UE could directly fallback to MMSE-IRC receiver as long as the TM10 transmission mode is indicated as possible interference conditions.

Proposal 9:

Both high and medium interference level should be considered for NAICS gain requirement. 

Proposal 10:

CRS-colliding/non-colliding and combination of different transmission should be considered to be a NAICS gain test or robustness tests. 
Proposal 11:

Adopt the time/frequency offset (2us and 200Hz) in R.11 CoMP in NAICS demodulation requirements for both NAICS gain and robustness tests.
Proposal 12:

Randomized interference model should not be used in simulation alignment, but could be used in final test setup. Also, the absent of PDSCH interference is precluded as a candidate interference state.
Proposal 13:

Perfect PDCCH decoding under high interference level could be also assumed with choosing proper simulation assumptions which not lead to very low SNR.
Proposal 14:

The PCFICH channel should be present in interference signals
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