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1 Introduction

The core part of NAICS WI is completed and the performance phase of the work item has started in RAN 4 #62bis. The scope of the performance phase is to define a suitable test plan and the detailed tests in order to ensure that the UE behaves correctly. The WID [1] states the goal for the performance phase as follows: 
Specify demodulation and CSI feedback performance requirements based on the signalling of interference parameters as specified in the core part of the work item, as well as on the assumed UE blind detection as agreed in RAN4. 

· Target a unified performance requirement for the above considered NAICS receivers, including requirement covering both DMRS and CRS
· 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. 
In this contribution we discuss the scope of the demodulation tests in NAICS WI.
2 NAICS tests scope
In general the tests defined in RAN 4 have a specific goal: To make sure that the UE, while behaving correctly, it provides the expected gains with respect to a well specified reference in (as much as possible) realistic conditions. This has the benefit that the gains shown through 3GPP tests are as close as possible to what operators can expect in real network. It is hence important to have this philosophy in mind when defining the test plan for NAICS WI.

2.1 Characteristics of NAICS feature

NAICS feature has the following characteristics:

· It is composed by PDSCH-IC and CRS-IC which help enhancing the gains. Depending on the scenarios cancelling only CRS or both CRS and PDSCH is needed. The UE is supposed to be capable of handling at least 3 layers. We will call this test scope as: GAIN.
· Note that NAICS feature is valid for both FDD and TDD.

· PDSCH and CRS-IC are implemented with some assistance signalling which helps reducing the complexity but several parameters are blindly detected by the UE, such as PMI, modulation, RI, etc…. Blind detection is a key component of NAICS feature. We will call this test scope as BLIND DETECTION.
· The UE should be capable of falling back to Rel-11 LMMSE-IRC. We will call this test scope as ROBUSTNESS. 
These three characteristics should be reflected in the test plan. 
In the following we discuss gain and blind detection scope. Robustness is discussed in [2] and [3].
2.2 What is the reference legacy receiver to compare NAICS with? 

RAN 4 has to define meaningful tests cases for NAICS which requires the analysis of throughput gains or losses depending on the set up. However, in order to make sure that gains are analysed in a common way among companies, we think it is important to align the reference receiver assumptions. 

In the TR 36.866 it is clearly mentioned that the objective of the study was to “Evaluate the link-level gain over baseline Rel-11 linear MMSE-IRC receivers and Rel-11 non-linear receivers required for FeICIC”.

RAN 4 during the study has been mainly concentrated on LMMSE-IRC as baseline receiver. However, it is not clear whether the LMMSE-IRC receiver as described in TR 36.829 is being used or whether different alternative/mixed solutions are taken into account. For example one could consider CRS-IC for channel estimation purposes or for interference estimation together with IRC. We call these “mixed IRC+CRS-IC implementations”. If we consider for example the colliding case, mixed IRC+CRS-IC implementation could lead to clearly pessimistic baseline with a consequent enhancement of the NAICS gains, this is shown in R4-147566, [4]
We hence propose to clarify that the baseline receiver to compare NAICS performance to should be LMMSE-IRC (without any form of CRS-IC) as described in TR 36.829. This seems to be the first step to have alignment among the companies.

Proposal 1: the baseline receiver to compare NAICS performance to should be LMMSE-IRC (without any form of CRS-IC) as described in TR 36.829. 

2.3 Gain and Blind detection scope

In order to have realistic test cases the GAIN and BD scope should be jointly tested as much as possible. Joint gain and blind detection testing has the merit that it guarantees that the UE can provide gains while performing blind detection. It should be noted that jointly testing GAIN and BD will also help reducing the number of test points. This is especially true for TM4 because under this TM the UE has to blidnly estimate not only the modulation but also the rank, the PMI, the presence of PDSCH while for DM-RS based transmission modes less parameters have to be blindly detected.
During the study item and the work item the analysis have been conducted by considering 2 types of results: phase 1 and phase 2. Under phase 1 the interference characteristic (modulation, RI, TM, etc…) is constant, the serving cell has a fixed modulation and rank, the interfering cells are either ON or OFF depending on the cases. Under phase 2 instead the NC interference charatieristics varies depending on certain statistic, the dynamic ON/OFF nature of the packets is also taken into account and the link adaptation is ON for the serving cell. While phase 1 results represent a snapshot of specific interference conditions phase 2 interference conditions were derived with the scope of mimicking realistic conditions the UE will have to face in real network. Hence, while the gains achieved under phase 1 do not correspond to any possible network behaviour, the results obtained under phase 2 could represent more closely the gains that an operator can obtain in realistic network. Hence it is clear that phase 1 approach can not be considered as the only way to define RAN 4 tests. 

In addition, by considering phase 2 approach, it is possible to make sure that the UE provides gains when performing blind detection of the parameters. However, it was already highlighted that considering the way RAN 4 sets the requirements it will be difficult to use phase 2 methodology to set the requirements. This is discussed in [5] where we propose a new interference model which modifies the phase 1 approach to mimic phase 2 methodology in a simplified way.  We have called it “modified phase 1” method. The main characteristic of the modified phase 1 method is the possibility to randomize the interference characteristics such as rank, modulation, PMI and load of interfering cell.  Thanks to this method gain and blind detection scope can be tested together. 

Proposal 2: Phase 1 approach can not be considered as the only way to define RAN 4 tests.
Proposal 3: Gain and Blind detection can be tested together by considering an interference model which mimics the phase 2 interference characteristics, i.e. by modifying phase 1 approach by introducing randomization of the interference characteristics/presence. 
2.3.1 PDSCH IC and CRS IC
NAICS feature cosists of cancellation of PDSCH and CRS.  In certain scenarios most of the gains are due to CRS cancellation and in certain scenarios both PDSCH and CRS cancellation is needed. For example in the colliding CRS scenario CRSs do not hit the PDSCH region but cancellation of CRSs might be used to enhance the channel estimation quality, which helps improving the PDSCH cancellation performance. Instead, in case of non colliding CRSs the CRS cancellation is necessary to clean the wanted cell PDSCH. Depending on the interfering cell load, the relative gains of PDSCH-IC and CRS-IC will vary. According to legacy features, the UE is required to cancel the two strongest interferers. In the context of NAICS it should be guaranteed as well that the UE is capable of implementing CRS cancellation of the two strongest interferers in all subframes. 

For PDSCH cancellation, RAN 4 agreed, during the study item, that under NAICS feature the UE should at least be capable of cancelling the first dominant interferer with at least 3 layers (including the serving cell). These minimum capabilities should also be considered in the test design.The test list is provided in [5] and discussed in more details in [4].
Proposal 4: Tests should be added to make sure that the UE correctly implements PDSCH-IC  (single interferer and 3 layers) and CRS-IC (2 interferers).
2.3.2 Blind Detection

When performing PDSCH-IC the UE is assisted by some signalling, while other interference parameters need to be blindly detected by the UE. Tables 1 and 2 summarize the parameters which are signalled and the parameters which have to or could be blindly detected. It it important to make sure that the UE correctly implements blind detection; for this purpose varying interference characteristics seems necessary. Since phase 1 setting, with its static interference characteristics do not guarantee the correct blind detection capability, the modified phase 1 setting is proposed in [5]. 

In addition to the interferer characteristics like modulation/rank/PMI, also other characteristics might change, i.e. 

For example PA values and TM can change, even when the signalled set is fixed. For example the eNB could signal the TM set {TM1-4, 6, 8-10} but then the actual parameter used by the neighbour cell could vary. Even if this would mimic a realistic scenario, we belive that it could increase the testing complexity. So we propose to consider a unique TM during the whole test. However, varying the PA value among the signalled set does not seem to introduce large testing complexity while having the merit of guaranteeing that the UE performs proper blind detection of PA within the restricted set. 
In addition to PA and TM values, the PDSCH start can also change. In order to avoid receiver implementations that take advantage of the specific PDSCH start position chosen for the test, it seems preferable to define tests with random PDSCH start. In the last meeting document [6] shows performance results with random PDSCH start.
Proposal 5: varying interference conditions are needed in order to make sure that blind detection is correctly performed by the UE. Modified phase 1 as proposed in [5] is a method to achieve this. In addition varying PA value within the restricted set during the test would be beneficial to guarantee proper PA blind detection. Neighbour cells TM, instead could be considered as fixed for the test duration to limit testing complexity. In addition it seems preferable to define tests with random PDSCH start.
Table 1. List of signalled parameters. 

	Parameter
	Which value could the parameter take

	PA
	Any subset of MaxnoofPA (max 3) among { dB-6, dB-4dot77, dB-3, dB-1dot77, dB0, dB1, dB2, dB3 ..}

	PB
	Integer value 0…3

	TM
	A subset of TMs or the full set of TM supported by the NC

	MBSFN subframe configuration
	Any among the possible values

	Cell ID
	Any among the possible cell ID

	CRS AP
	2, 4 depending on UE capability

	RB granularity
	Under discussion


Table 2. List of blindly detected parameters

	Parameter
	Blindly detection within restricted set or over the entire set
	In which case the parameter needs blind detection

	Modulation
	QPSK, 16QAM, 64QAM 
	Always

	RI
	1, 2
	For CRS based TM

	PMI
	The entire codebook
	For CRS based TM 4 or 6

	PDSCH presence (ON/OFF)
	ON/OFF
	Always

	Strongest interferer
	RSRP based?
	Always

	PA
	Among 3 values only
	Always

	Transmission mode
	One TM among the set TM{1,2, 3, 4, 6, 8, 9, 10}
	Always

	PDSCH starting symbol
	1, 2, 3
	Baseline to set the requirements is that the UE uses IRC receiver for the first 3 symbols, but real PDSCH starting symbol blind detection is not precluded. 

	DMRS AP
	1, 2, 4
	For DM-RS TM

	CSI-RS
	The entire set of CSI-RS configuration
	Baseline to set the requirements is that the UE ignores the presence of CSI-RS, but real blind detection of the configuration is not precluded.


2.3.3 How to set up the signalling and parameters for the test
Since signalling may be present under different format, the main unsolved issue is “which kind of signalling and critical parameters should be considered for the test set up”?

The signalling of the parameters mentioned above can be mandatory or optional on the X2 interface. The eNodeB can provide a subset of values (sets with different cardinality are possible) or the entire set. For example the network can decide to signal any subset of PA values with a maximum cardinality of the set equal to 3, or it can signal a subset of TMs used by the network rather than the entire list TM1-TM10 (without TM 5 and TM 7). While it was mentioned that signalling a subset of the values could help the UE to limit the complexity in certain cases, this limitation does not necessarily bring large performance benefits.  Furthermore, the UE has to be designed in a way to guarantee the support of the worst case condition while still providing sufficient gains. Hence, it is proposed to consider the worst case condition in terms of signalling.

This means specifically:

· A subset of 3 PA values should be signalled

· Support for TM1-10 (without TM 5 and TM7) should be signalled

· An integer in the range 0-3 for PB value

The set of possible PA values spans from -6dB to 3dB. If the signalled set contains possible PA values which are very close to each other, e.g. { -1.77dB, 0dB, 1dB}, the test does not guarantee that the UE is performing any blind detection. In fact if the UE select randomly one PA value in the above mentioned set the degradation of the performance would be small. On the contrary, if the set is selected in order to have a large relative distance between the values, this guarantees that the UE does a blind detection. 

In addition RAN 1 and RAN 3 are discussing whether to introduce signalling which indicates the resource allocation granularity. Independently from this discussion, also in this case the 1 PRB pair resource allocation should be considered in the test, as support for per PRB-pair blind detection has to be guaranteed by the UE. In addition the gain in performance when considering more than 1 PRB was not large. This is discussed in [3].

Proposal 6:   
A subset of 3 PA values should be signalled where the three values should span a large range.
Support for TM1-10 (without TM 5 and TM7) should be signalled.
An integer in the range 0-3 for PB value

RB allocation = 1PRB-pair
2.3.4 PDSCH starting symbol and PDCCH model
In the past meeting it was discussed whether PDCCH should be explicitly modelled or not. The main reason was related to the potential effect of PDCCH succesfull rate on PDSCH performance.  In particular PDCCH is also affected by the interference and the wrong PDCCH decoding impacts the PDSCH throughput. The impact can be large at high interference %tile (80%tile). At low interference level (20 %tile) the impact is negligible.  At medium interference level, depending on the scenarios, the impact may not be small. The following agreement was made: Assume perfect PDCCH decoding under medium and low interference level in simulations. Care should be taken when selecting the test conditions to make sure that at medium/high interference level negligible impact of PDCCH decoding on PDSCH could be achieved. This for example can be achieved by lowering the PDCCH coding rate (and considering 10MHz bandwidth). By cerefully selecting the test condition the impact of PDCCH performance on PDSCH performance could be reduced, but this needs verification.  

In the past meetings several discussions took place on whether to blindly detect PDSCH starting symbol or not. Some companies [6] showed that PDSCH start blind detection can bring some benefits compared to ignoring the first 3 symbols. In the last meeting it was proposed to consider the following baseline algorithm to handle PDSCH starting symbol: For PDSCH starting MMSE-IRC is used for the maximum number of PDCCH symbols and NAICS performance for the remaining symbols. This baseline algorithm partially recovers the gap between the real blind detection performance and the case when the first 3 symbols are ignored. While this algorithm could be considered as a solution for the sake of minimum requirement definition, different implementations based on real blind detection which would gain in performance should not be precluded, i.e. better receiver implementations should not be precluded nor penalized.  In fact the absence of PDCCH in the test set up forces the UE not to implement any real blind detection for the PDSCH starting symbol.  If PDCCH is modeled as OCNG and a UE implements real PDSCH start blind detection, the performance would be unpredictable with a consequent hit on throughput performance which would lead to penalization of a better receiver. Furthermore PDCCH has special characteristics (Transmit Diversity) which is not well represented by OCNG model. Considering the above we propose the following:
Proposal 7: Blind detection of PDSCH start provides performance gain. As a compromise IRC receiver could be considered for the first 3 OFDM symbols for the sake of minimum requirement definition.  To model explicitly NC PDCCH signals in the test set up is needed to avoid penalization of a better receiver. PDCCH Tx Diversity should be modeled in the neighbor cell. Typical loads could be considered. Perfect PDCCH decoding under low interference level in simulations could be considered. For medium/high interferer level PDCCH characteristics should be carefully selected. 
2.3.5 CSI-RS model
An other parameter for which decision on blind detection was not achieved was CSI-RS resources. It has been shown in the past meeting [6] that ignoring CSI-RS resources does not degrade the performance even when CSI-RSs are heavily present. Hence, RAN 4 could consider as baseline algorithm to define minimum performance simply to ignore the CSI-RS configuration and treat these REs as PDSCH. However, in order to avoid precluding any other implementation which could be based on explicit CSI-RS detection CSI-RS should be explicitly modelled. Moreover when TM9 is present several configurations should be defined in order to make sure that gains are achieved even in worst case scenarios (with several resources which are occupied by CSI-RS). Moreover when TM 4 is scheduled on the NC one CSI-RS could be still configured to mimic the presence of different type of interference.

The following is proposed:
Proposal 8: CSI-RS should be modelled in the test set up in PDSCH subframes
· When TM9 is present with several configurations

· When TM4 is present with a single configuration

The baseline algorithm to define minimum performance is: CSI-RS presence is ignored.

2.3.6 Strongest interference detection
Several algorithms may be used in order to select the strongest interference, either based on CRS or based on PDSCH, depending on the scenarios and the conditions. RAN 4 has not conducted sufficient analysis on this point. However, even if it could be beneficial to define a common baseline algorithm for the definition of the performance requirements, it seems clear that the scenarios studied so far in RAN 4 where 2 interfering cells are present and where the first is significantly stronger than the second cell might not lead to ambiguity even if different algorithms are considered. Hence, the strongest interferer detection method can be left as an implementation choice. 

Proposal 9: Even if it would be beneficial to consider a common baseline algorithm for strongest interference selection, it is proposed to leave the strongest interference detection algorithm as an implementation choice.
2.4 Unified tests
The WID in [1] states that the objective of RAN 4 performance phase is 
· Target a unified performance requirement for the above considered NAICS receivers, including requirement covering both DMRS and CRS

Under NAICS feature several receiver candidates were considered since the start, E-IRC, SLIC and R-ML. It was shown in several contribtuions [7] that E-IRC performance in realistic scenarios show performance very similar to SLIC receiver. However, in the last meeting the following agreement has been made without real consensus among all the companies in RAN 4:

“Based on all UE vendors and operator inputs, down select to R-ML and SLIC for 2CRS ports for demodulation performance definition”.

This already forces the UE to implement specific algorithms which already breakes the way RAN 4 normally works, with the argument that EIRC shows degradation wrt to SLIC and R-ML based on results obtained for unrealistic settings which represents corner cases and snapshot of interference scenario, without any system analysis or results in realistic setting. Moreover, several companies mentioned in previous meeting to define minimum requirements based on R-ML which in certain specific cases could provide better performance compared to SLIC.  It should be reminded that RAN 4 defined minimum requirements and that implementation freedom should be allowed.   In addition, under SU-MIMO (which was studied in the NAICS SI phase and split into separate work item for easiness) the opposite approach was considered: i.e. the reference receivers were CWIC and R-ML, and the minimum requirements were set by considering the worst receiver among R-ML and CWIC which its turns out to be R-ML.   
Hence by considering the fact that RAN 4 does not force any specific implementation, RAN 4 defines minimum requirements, and the analogies with SU-MIMO, the following is proposed:

Proposal 10: Define the minimum performance requirements by considering the worst case receiver among SLIC and R-ML as baseline.

2.5 TDD
Some results under TDD scenarios are shown in [8] which prove with non-continuous DL subframes the channel estimation can still achieve good performance together with relatively good gain compared to FDD tests with equivalent test configurations. Hence TDD tests should be considered with the same scope of FDD tests within the same time frame.

Proposal 11: Tests defined for FDD should be also duplicated to TDD deployment in NAICS WI with equivalent test configurations for TDD.
3 Conclusions

In conclusions, under NAICS features the following should be tested

· The capability of the UE to perform both PDSCH IC and CRS-IC and to handle 3 layers at least 

· The capability of the UE to achieve gains in both FDD and TDD as much as possible together with blind detection of the parameters in several conditions (GAINS and BD)
· The capability of the UE to fallback to LMMSE-IRC in any conditions (ROBUSTNESS)
In particular we propose the following:
Proposal 1: the baseline receiver to compare NAICS performance to should be LMMSE-IRC (without any form of CRS-IC) as described in TR 36.829. 

Proposal 2: Phase 1 approach can not be considered as the only way to define RAN 4 tests.

Proposal 3: Gain and Blind detection can be tested together by considering an interference model which mimics the phase 2 interference characteristics, i.e. by modifying phase 1 approach by introducing randomization of the interference characteristics/presence. 

Proposal 4: Tests should be added to make sure that the UE correctly implements PDSCH-IC (cancellation of a single interferer and at least 3 layers) and CRS-IC (2 interferers).

Proposal 5: varying interference conditions are needed in order to make sure that blind detection is correctly performed by the UE. Modified phase 1 as proposed in [3] is a method to achieve this. In addition varying PA value within the restricted set during the test would be beneficial to guarantee proper PA blind detection. Neighbour cells TM, instead could be considered as fixed for the test duration to limit testing complexity. In addition it seems preferable to define tests with random PDSCH start.

Proposal 6:   

A subset of 3 PA values should be signalled where the three values should span a large range.

Support for TM1-10 (without TM 5 and TM7) should be signalled.

An integer in the range 0-3 for PB value

RB allocation = 1PRB-pair

Proposal 7: Blind detection of PDSCH start provides performance gain. As a compromise IRC receiver could be considered for the first 3 OFDM symbols for the sake of minimum requirement definition.  To model explicitly NC PDCCH signals in the test set up is needed to avoid penalization of a better receiver. PDCCH Tx Diversity should be modeled in the neighbor cell. Typical loads could be considered. Perfect PDCCH decoding under low interference level in simulations could be considered. For medium/high interferer level PDCCH characteristics should be carefully selected.
Proposal 8: CSI-RS should be modelled in the test set up in PDSCH subframes

· When TM9 is present with several configurations

· When TM4 is present with a single configuration

The baseline algorithm to define minimum performance is: CSI-RS presence is ignored.

Proposal 9: Even if it would be beneficial to consider a common baseline algorithm for strongest interference selection, it is proposed to leave the strongest interference detection algorithm as an implementation choice.

Proposal 10: Define the minimum performance requirements by considering the worst case receiver among SLIC and R-ML as baseline
Proposal 11: Tests defined for FDD should be also duplicated to TDD deployment in NAICS WI with equivalent test configurations for TDD.
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