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1 Introduction

In the last meeting, several contributions [1] [2] were submitted to discuss how to define NAICS demodulation requirements.  The WF [3] co-sourced by many companies provided general information summarizing the main concerns on test setups and asked for more inputs in next meeting, including:
· In the RAN4 #72bis the companies are encouraged to provide input on the following aspects of NAICS UE demodulation requirements 

· Test purposes and their prioritization if any
· Potential purposes may include
· 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)  
· Scenarios and interference models and their prioritization if any
· Interference profiles including the number of interfering cells, interference pattern and geometry 
· CRS pattern for serving and interference cells
· Duplexing modes
· Serving and interference cell transmission parameters (TMs, MCS, RI, etc)
· Time/Frequency offsets models for interference signal
· Whether randomized interference model should be used and the respective parameters
· Whether serving cell PDCCH decoding performance impact on the PDSCH throughput needs to be considered
· 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
In this contribution, we would like to provide our views on how to define NAICS demodulation and CSI requirement for R.12 NAICS. 
2 Standard progress of NAICS
Firstly, we would like to give a summary on the progress of NAICS in RAN1. The following items are agreed in [4] to be provided to NAICS UE as network assistant information.

· For serving cell
· Power offset, PA, for PDSCH of the serving cell
· {-6, -4.77, -3, -1.77, 0, 1, 2, 3} dB
· For interference cell

· Physical cell ID
· [0, 503]

· PB
· [0, 3]
· CRS port number
· {1, 2, 4} antenna ports

· MBSFN subframe configuration
· Restricted subset of PA
· {-6, -4.77, -3, -1.77, 0, 1, 2, 3} dB

· Transmission mode
· {TM1, TM2, TM3, TM4, TM6, TM8, TM9, TM10}

· Resource allocation and precoding granularity
· {1, 2, 3, 4} PRB pairs
Expect for the above parameters, there were no consensus/no support on the following aspects [5]:
· No support of TM10 related assistance signaling and RAN1 assumes that no cancelation of TM10 PDSCH interference from neighboring cells in Rel-12 NAICS
· No consensus to support signaling of CSI-RS and PDSCH IC starting position for TM1 to TM9
· No special subframe configuration signaling

· UE is allowed to assume the same special subframe configuration between the serving and interference cell(s) for which NAICS signaling is provided.
· No higher-layer signaling of UL/DL configuration

· UE is allowed to assume the same UL/DL configurations for the serving/interference cell(s)
Also, regarding the CSI enhancement, RAN1 [5] also agree not introducing change to current CQI definition.
· In Rel-12, there is no change to the current CQI definition for NAICS CSI reporting.  

· Note that the UE would take into account any NAICS gains into the CQI derivation and it is up to RAN4 whether a new test case is required
· If RAN4 performance part does not find a feasibility of above note, this agreements do not preclude possibilities of RAN1 specification change

In our opinion, the above agreements should be taken into consideration when defining NAICS demodulation requirement.
The agreed WF [6], which summarizes the RAN4 evaluation status on the feasibility evaluation of blind detection and NAICS receiver, should also be taken account into NAICS requirement:
· Agreements above hold true at least under the following assumptions used in RAN4 simulations. 

· Serving cell with two interferers: Cell ID (0, 6, 1)

· 2 CRS APs

· No MBSFN subframes have been considered.

· CRS-IC is performed in every scheduled subframe

· Fixed interference model in MCS and rank in frequency and bursty traffic

· Per PRB-pair based blind detection

· RAN4 hasn’t reached consensus on the joint blind detection feasibility for the following scenarios, and may continue the study during the performance part if needed

· 4 CRS APs for CRS-based TMs

· Mixed TM scenarios. 

· Non-colliding CRS pattern for the dominant interferer

3 Discussion on demodulation requirement
3.1 Test purposes

It’s well know that, NAICS receiver is expected to outperform R.11 MMSE-IRC receiver in some scenarios, and wouldn’t introduce performance loss than R.11 MMSE-IRC in other scenarios. So, two different kinds of test setups should be introduced to verify NAICS implementation regarding these two different test purposes:
· Type-A: Verification of performance gain 

· The test requirement should ensure the significant and testable performance gain over MMSE-IRC.

· The scenarios and assumptions imply larger enough NAICS performance gain should be investigated. 
· Type-B: Verification of robustness
· This test should ensure NAICS receive will not perform worse than MMSE-IRC receive in some scenarios which is not reliable to perform blind detection and advanced receiver, and ensure NAICS receiver could correctly fall back to legacy receiver.
Observation 1:

Two kinds of test cases should be introduced for NAICS demodulation requirements: 

· Type-A: Verification of performance gain
· Type-B: Verification of robustness
3.2 Interference scenarios and models

Interference profiles 
During R.12 NAICS SI, we had captured system level simulation results and derived the typical interference model for link level simulation [7]. Subsequently, the evaluation of advanced receiver and blind detection were based on these interference profiles, such as interference level and interference number. So it’s naturally to reuse these interference profiles.
Most of the company’s evaluations were focused on two interference level:
· Median interference level:
· 5-25% geometries ( SINR range [-3.70dB 1.14dB]) @50%-tile:  I1/Noc=7.77dB, I2/Noc = 2.29
· 40-60% geometries (SINR range [3.89dB 8.06dB]) @50%-tile:  I1/Noc=6.24dB, I2/Noc = 1.54
· Extreme high interference level
· 5-25% geometries( SINR range [-3.70dB 1.14dB])  @80%-tile:  I1/Noc=13.91dB, I2/Noc = 3.34
Based on our observation, we think the “extreme high interference level” is usually incorrectly used in many contributions. The reason is that with extreme high interference level and its corresponding [-3.70 dB 1.14dB] SINR value, the reasonable SNR range should be [10.73dB 15.57dB]. But a low MCS for serving signal was usually used, which should happen in very high inter-cell interference and very low SINR value scenarios. The mismatch would lead to unexpected effects, such as:
· The functionality of blind detection and advanced received are verified under unrealistic interference conditions, so a UE which could achieve significant performance gain with very high inter-cell interference is not justified to be able to achieve performance gin in realistic network, in which the inter-cell interference is usually lower than serving signal
· The performance of NAICS PDSCH receiver may be affected by the PDCCH demodulation performance, as there isn't any enhancement on PDCCH receiver, then it shouldn’t be expected that the PDCCH could perform very well under a very low SINR condition.
Based on above discussion, we propose that:
Observation 2:

Median interference level should be considered for Type-A performance test.
CRS pattern

In the RAN4 previous discussion, the feasibility of blind detection is only verified in CRS-colliding scenarios, and there is no consensus on the performance in CRS-non-colliding scenarios. Based on the evaluation and discussion in our contribution [8], we find that NAICS receiver with blind detection would hardly achieve any performance gain over MMSE-IRC receiver. So we proposed that:
Observation 3:

Consider adopting CRS-colliding for dominant interference cell in Type-A performance test, and CRS-non-colliding in Type-B robustness test.
Serving and interference cell transmission parameters (TMs, MCS, RI, etc)
Regarding the transmission mode of serving and interference cells, as the feasibility of blind detection on mixed transmission mode is still under discussion, and we find that the performance gain of NAICS receiver for mixed TM interference is marginal [8], so we suggest adopting non-mixed transmission mode for Type-A performance test, and mixed transmission mode for Type-B robustness-test.
Observation 4:

Consider adopting non-mixed transmission mode in Type-A performance test, and mixed transmission mode in Type-B robustness test.
Time/Frequency offsets
In R.11 FeICIC and R.11 CoMP demodulation tests, realistic time and frequency offset had been introduced for the CRS-interference cell and no-QCL TPs. Since NAICS receiver is also used for suppressing the inter-cell interference, we should also apply time and frequency offset for interference cells.

 Observation 5:

Introduce time and frequency offset for NAICS interference cell.

Randomized interference model
RAN1 has defined the high layer signalling of resource allocation and pre-coding granularity, which implies that UE could assume the same precoding matrix/modulation order/Pa in certain PRB group, so to avoid UE perform blind detection beyond the PRB group granularity, some kind of randomized interference model may be necessary. For example, the precoding matrix/modulation/Pa should randomly change per subframe and PRB group. 

While, on the other hands, there are some issues for randomized interference model:
· Increasing the test complexity. For example, it would be very complex if the interference presence/modulation order/precoding matrix/Pa are all randomly selected for each subframe and indicated granularity.

· Performance agnostic problem. With randomized interference model, the final performance would be averaged among all the different interference types, so it’s hard to verify the different performance behavior of NAICS UE to handle different kinds of interference. For example, the UE which only performs advanced receiver for QPSK rank1 interference and perform MMSE-IRC receiver for other interference could also pass the test cases.
Based on the above consideration, we think that:
Observation 6:

Further study is needed on how to introduce randomized interference model.

Impacts of PDCCH interference
Discussed in our contribution [8], as there isn’t any enhancement on the receiver for PDCCH channel even for NAICS UE, the demodulation performance of PDCCH and PDSCH may be mismatched. The PDSCH receiver could endure higher inter-cell interference than PDCCH receiver. If we impose a very high interference level for PDSCH demodulation performance, the PDCCH demodulation requirement may become the bottleneck of whole NAICS UE demodulation performance. In another words, a NAICS UE may have difficulty in achieving the performance gain under such high interference condition. So to avoid misleading the NAICS performance based on RAN4 test requirement, we suggest modelling a full load PDCCH interference together with PDSCH interference.
Observation 7:

PDCCH interference should be modelled for high interference level conditions.

3.3 Reference receiver structure
Blind detection
Based on the RAN1 conclusion on assistant signalling, it’s better to clarify the required UE behaviour of blind detection before defining NAICS demodulation requirement. Based on our understanding, the NAICS UE behaviour of blind detection should follow these principles:
	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 


Observation 8:

RAN4 should align the UE behaviour for NAICS blind detection 
Receiver structure
For NAICS UE, two kinds of receiver functionality are required: PDSCH IC receiver (e.g. E-LMMSE-IRC receiver, R-ML receiver, or SLIC receiver) and RS-IC receiver (e.g. CRS-IC and DMRS-IC). Regarding the E-LMMSE-IRC receiver, because of the limited performance gain, it could be precluded in the candidate implementation for NAICS UE. So, we suggest that:
Observation 9:

The PDSCH IC receiver (R-ML or SLIC) and RS-IC receiver (2TX CRS-IC and DMRS-IC) should be NAICS baseline receiver structure
As indicated in the NAICS WID: NAICS receiver should ensure no performance loss compared to legacy receiver, then the other issue is what is the legacy receiver? The NAICS WID states that:

· 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 signalling, in a wide range of typical network deployment conditions (including also 4Tx) for both CRS based and DM-RS based TMs.
According to the above descriptions, the RS-IC receiver (Such as CRS-IC and DMRS-IC) is not mandatory for LMMSE-IRC receiver. Then there exist two different understandings of baseline receiver to which the NAICS receiver should compared with:
· LMMSE-IRC receiver with RS-IC (both CRS-IC and DMRS-IC)

· This definition is beyond the NAICS scope as RS-IC is not required in the WID. And RAN4 has not fully studied and justified the feasibility of 4TX CRS-IC and DMRS-IC, although some of them were declared to be used in RAN4 evaluation.

· This definition is good to ensure the performance of NAICS receiver, as a better LMMSE-IRC performance could be achieved with RS-IC

· LMMSE-IRC receiver without RS-IC (both CRS-IC and DMRS-IC)

· This definition is covered in NAICS WID.

· If the baseline receiver is LMMSE-IRC receiver without RS-IC, then even E-LMMSE-IRC receiver with RS-IC could be possible to provide significant performance gain. 
So, based on the above discussion, we propose that: 
Observation 10:

RAN4 should further study and clarify the legacy receiver which the NAICS receiver should be compared to: with or without RS-IC.

NAICS fallback operation assumptions

Before defining the NAICS demodulation requirement, RAN4 should have consensus on the situations UE should/could fallback to R.11 MMSE-IRC receiver. 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.

The cause of marginal performance gain could be: 

· Weak interference or too many strong domain interferences (e.g. more than 2 layer interference)

· High modulation order interference (e.g. 64QAM)

· CRS-non-colliding or mixed TM interference

Observation 11:

Further study is required to investigate the NAICS fallback operation assumptions.
Another issue of NAICS fallback operation assumptions is whether NAICS UE needs to perform sanity check on NAICS signalling. In another word, whether NAICS UE should ensure no-performance loss even 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 implementation complexity and is beyond the UE’s responsibility. So, we think the inconsistency of NAICS high signalling and interference condition is not a valid fallback scenario.
Observation 12:

The inconsistence of NAICS high signalling and interference condition is not a valid fallback scenario. Or in another word, 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 possibly present. The reason is that: 

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

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

· Thus if TM10 interference occurs, NAICS UE may fail to detect the existence of DMSR port and then falsely treat the TM10 interference as CRS-based interference, and then perform incorrect interference suppression and cancellation.
With the following consideration, we propose that:

Observation 13:

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

3.4 NAICS higher-layer signalling parameters

The NAICS higher-layer signalling is approved in RAN1. Regarding the NAICS demodulation requirements, different higher-layer signalling parameters would affect the performance of blind detection, so the NAICS demodulation requirement should cover the combination of NAICS signalling parameters. In principle, the test coverage on the combination of NAICS signalling could be adopted as follow: 
	Parameters
	Test coverage

	serving cell
	Pa
	at least two different values should be tested
· Pa=-3dB

· Pa=0dB

	interference cell
	Physical cell ID
	at lease different CRS configuration should be tested
· CRS colliding

· CRS non-colliding

	
	Pb
	two values should be tested
· Pb=0dB

· Pb=3dB

	
	CRS port
	focus on 2 CRS port

	
	MBSFN subframe
	not configure MBSFN subframe

	
	Pa
	A proper subset could be adopted 
· {-3 0 3}dB

	
	Transmission mode
	A proper subset could be adopted
· {TM2, TM3, TM4, TM6, TM9}

	
	Resource allocation and precoding granularity
	at least different PRB granularity should be tested
· 1 PRB pairs

· 4 PRB pairs

	
	
	


Observation 14:

Different combination of NAICS higher-layer signalling should be covered in NAICS demodulation tests.
3.5 Performance metric
Different performance metric for NAICS demodulation requirement were proposed in previous meetings. One is traditional absolute throughput performance, such as SNR point @70% maximum throughput, and the other is the relative throughput gain of NAICS receiver over MMSE-IRC receiver.
The main concern on using the traditional absolute throughput performance is that the throughput gain of NAICS receiver over MMSE-IRC receiver depends on the interference scenarios and is not always significant. Additionally with the results averaged among various companies and leaving some implementation margin, the absolute throughput performance metric may become insufficient to differentiate the correct and incorrect UE implementations. On the other, the absolute throughput gain could be more stable between companies. 
In our opinion, currently, it’s not necessary to determine which performance metric is more suitable before the alignment of performance results, further discussion is needed and decision could be made based on more evaluations and inputs. 

Observation 15:
Further study which performance metric is more suitable: traditional absolute throughput gain or relative throughput gain?
4 Discussion on CSI requirement

In RAN1 discussion [5], RAN1 finally agree there is no change to the current CQI definition for NAICS CSI reporting, and it’s up to RAN4 whether a new test case is required to verify whether UE has taken into account any NAICS gains into the CQI derivation. In our opinion, from RAN4 point of view, it’s the first time for RAN4 to treat NAICS CSI requirement, and there are many issues for NAICS CSI measurement. For example, on which subframe and PRB resource should the CQI be measured?

· Generally, the CQI values could be measured based on the subframe and PRB resource in which serving signal is present, in this situation, we may not be able to achieve the intact and durative CQI measurement because the PDSCH transmission may not be always exist in all the subframe and PRB resource.

· Alternative, the CQI values could also be measured based on the subframe and PRB resource in which serving signal is absent (PDSCH absent or the PDSCH present for another UE). As we know, the NAICS performance gain also depends on the feature of serving signal, so it’s hard for UE to determine the CQI values without the existence of serving signal. For example:
· If the serving signal and interference signal is both DMRS based transmission, when the serving signal is present, then we could perform DMRS-IC and serving signal suppression to get better blind detection results. But when the serving signal is absent, the performance of interference blind detection would significantly decrease because of no-DMRS-IC and no-serving-signal-suppression, and then get an invalid estimation of the NAICS gain.

As it’s almost the first time for RAN4 to discuss the NAICS CSI requirement, so we think further discussion would be needed
Observation 16:

Further study is needed to determine whether and how to introduce NAICS CSI requirement.

5 Summary

With above discussions and observations, we provide our view on the NAICS demodulation and CSI requirements. 
Regarding the NAICS reference receiver and UE behaviour, we propose that:

Proposal 1:

· RAN4 should align the UE behaviour for NAICS blind detection
· The PDSCH IC receiver (R-ML or SLIC) and RS-IC receiver (CRS-IC and DMRS-IC) should be NAICW baseline receiver structure
· RAN4 should further study and clarify the legacy receiver which the NAICS receiver should be compared to: with or without RS-IC.
· Further study is required to investigate the NAICS fallback operation assumptions.
· The inconsistence of NAICS high signalling and interference condition is not a valid fallback scenario. Or in another word, NAICS UE would not guarantee no-performance-loss over MMSR-IRC when the signalling and interference condition are not aligned.
· NAICS UE could directly fallback to MMSE-IRC receiver if TM10 transmission mode is indicated as possible interference conditions.
Regarding NAICS demodulation requirement, we propose that 

Proposal 2:

· Two kinds of test cases should be introduced for NAICS demodulation requirements: 

· Type-A: Verification of performance gain
· Type-B: Verification of robustness
· Besides high interference level, median interference level should be considered to for Type-A performance test.

· Consider adopting CRS-colliding for dominant interference cell in Type-A performance test, and CRS-non-colliding in Type-B robustness test.
· Consider adopting non-mixed transmission mode in Type-A performance test, and mixed transmission mode in Type-B robustness test.
· Introduce time and frequency offset for NAICS interference cell.
· Further study is needed on how to introduce randomized interference model.
· PDCCH interference should be modelled for high interference level conditions.
· Different combination of NAICS higher-layer signalling should be covered in NAICS demodulation tests.

· Further study which performance metric is more suitable: traditional absolute throughput gain or relative throughput gain?
Regarding the NAICS CSI requirement, we propose that:

Proposal 3:

· Further study is needed to determine whether and how to introduce NAICS CSI requirement.
6 Conclusion
In this contribution, we discuss different aspects of NAICS demodulation and CSI requirements. Based on the discussion, our proposals are summarized and provided in section 5. We suggest RAN4 taking our proposal into consideration when defining the NAICS demodulation and CSI requirements.
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