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Introduction
RAN 4 has started the discussion on the performance requirements for NAICS. 
In the last meeting a set of simulation conditions were agreed with the scope to align the performance results among companies. The simulation results are provided in [1]. However RAN 4 should progress the work on the actual test set up in parallel wrt the alignment process. This document discusses the possible list of tests to be included in the context of NAICS and discusses the scope of each proposed test. 
Document [2] introduces a random interference model which is widely used in this document.
 
 Scope of NAICS demodulation tests
As for all the other features for which RAN 4 has defined test conditions, also for NAICS the main goal of the test set up should be to 
· Behave according to rules defined by the specification
· Show gains in realistic conditions
What does “to behave correctly” mean in the context of NAICS?  
NAICS feature has several characteristics which need to be verified when defining tests:
1. Several receivers have been considered during the study but performance requirements should be given in a unified manner.
2. NAICS means PDSCH-IC (with cancellation of 3 layers including the serving cell) and CRS-IC (the amount of layers to be cancelled is not clarified).
3. The UE provide NAICS gains under the assumption that eNB sends specified assistance information which should be correctly interpreted by the UE.
4. The UE provides gains under the assumption that it is capable of blindly detect a set of specified  parameters; In the more stringent case this should be based on 1 PRB
5. The UE should be capable of falling back to Rel-11 LMMSE-IRC when NAICS receiver can not provide gains.
6. NAICS is defined for both FDD and TDD
7. NAICS can be supported together with carrier aggregation according to a specific capability signalling
All these characteristics should be tested.
The legacy receiver considered to compare NAICS performance to is LMMSE-IRC (without any form of CRS-IC or DM-RS IC) as described in TR 36.829. 

Unified tests valid for all the receivers
The WID in [3] states that the objective of RAN 4 performance phase is 
· [bookmark: OLE_LINK7]Target a unified performance requirement for the above considered NAICS receivers, including requirement covering both DMRS and CRS
In order to achieve this goal all the performance requirements should be defined by considering the worst case performance between SLIC and R-ML which are the two receivers which have been down-selected.
Proposal 1: all the performance requirements should be defined by considering the worst case performance between SLIC and R-ML.
General characteristics of the tests
According to NAICS feature the eNB provides some assistance signalling in order to limit the UE complexity. Among the signalling list, a set of PA values, the PB value used in the network and the set of TMs used in the network are provided. 
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 TM1-9 (without TM 5 and TM7) should be signalled. Note that it was decided that under Rel-12 NAICS the UE is not requested to cancel TM10 interference. In particular when TM10 is present/detected no loss in performance compared to IRC should be guaranteed. One specific test in section 2.5 covers this particular point.
· An integer in the range 0-3 for PB value
PA values and TM can change within the signalled set, 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 transmission mode used by the neighbour cell could vary. Even if changing the TM during the test would mimic a realistic scenario, we believe that it could increase the testing complexity. So we propose to consider a unique TM during the whole test. 
Proposal 2: Define all the tests with a single TM per cell. Support for TM1-9 (without TM 5 and TM7) should be signalled. One test should be included with TM10 to guarantee fallback performance. 
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.  It should be noted that the PA set is restricted to maximum 3 values; this restricts the network to change the PA only among the three values within the set. If the network needs to change the PA outside the signalled set a new signalling has to be transmitted and this might be subject to backhaul delay. 
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. Hence sufficiently sparse PA values should be considered within the set.

Proposal 3: Define the tests with varying PA within the signalled set. Sufficiently sparse PA values should be considered within the set.

CSI-RS model
It was already shown that ignoring the presence of CSI-RS has negligible impact on the performance. Nevertheless, it is important to model CSI-RS not to preclude any different implementation. In case of TM9 interference it is proposed to consider several ZP and NZP CSI-RS configuration. IN addition it is also proposed to define one CRS-based test with 1 CSI-RS configuration to mimic the presence of different users and different TMs.
Proposal 4: Model explicitly CSI-RS. For minimum requirements the presence of CSI-RS can be ignored. In case of TM9 interference it is proposed to consider several ZP and NZP CSI-RS configuration. In addition it is also proposed to define one CRS-based test with 1 CSI-RS configuration.

PDCCH model
In the past meeting it was discussed whether PDCCH should be explicitly modelled or not. It is important to explicitly model PDCCH for two reasons:
a. PDCCH is affected by interference and its error rate can affect the PDSCH performance. In previous meeting it was agreed to “Assume perfect PDCCH decoding under medium and low interference level in simulations”. Test conditions should be selected with care to make sure that negligible impact of PDCCH decoding on PDSCH could be achieved e.g. the PDCCH coding rate should be lowered (10MHz bandwidth seems needed). This needs verification for each test. 
b. PDSCH starting symbol is not signaled by the network and it depends on the amount of symbols used for PDCCH. PDSCH start can change during the transmission to adapt to the amount of control information that has to be sent. In order overcome the problem related to PDSCH starting symbol 3 possible example of UE behaviors could be considered:
i. The UE ignores the first 3 symbols and apply NAICS considering the worst case CFI=3:
ii. The UE uses MMSE-IRC for the maximum number of PDCCH symbols and NAICS performance for the remaining symbols.  
iii. The UE blindly detect the PDSCH starting symbol.
It was shown that behavior b.iii) shows some performance benefits compared to b.i) and b.ii). While behavior b.ii) can be considered as baseline to define the performance requirements, better UE implementations shall not be 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.
In addition, 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. 
Proposal 5: Define tests with varying PDSCH start. Explicitly model PDCCH to avoid better receiver penalization. Base the requirements on the following behaviour: use MMSE-IRC for the maximum number of PDCCH symbols and NAICS performance for the remaining symbols.  
Goal 2-3-4: General Set up
For all the tests in this section the following common parameters can be considered:
· PA of the NC is randomized among the 3 values defined for the PA set and the PA set is fixed to {-6-3, 0}, serving cell PA=-3dB, 
· 10MHz,
· SC CFI=2, NC CFI=randomized with equal probability between 1, 2 and 3 OFDM symbols
· PDCCH explicitly modelled with minimum coding rate
· Frequency and timing error modelled (frequency offsets as -300, 100Hz and timing offsets as 1, 3us for the 1st and 2nd NC) 
· 1 PRB-pair allocation, 
· TM set signalled to the UE ={TM1-4,6, 8-9}
· PB=0

CRS-IC Test
In this section we discuss the introduction of a test to verify the following scope:
2. NAICS means PDSCH-IC (with cancellation of 3 layers including the serving cell) and CRS-IC (the amount of layers to be cancelled is not clarified).
In particular a test should guarantee that the UE is correctly implementing CRS-IC. In was already agreed to define a specific test to verify that the UE implements CRS-IC, the details of the test are discussed in [4]. As explained in  [4] the neighbour cell PRB allocation should be sufficiently low (same order as CRS presence) in order to make sure that it is possible to discriminate between correct UEs that implement CRS-IC and any wrong receiver such as PDSCH-IC without CRS-IC or IRC receiver. The following test is proposed to fulfil purpose 2. Note that tests in Section 2.4 can verify that the UE implements PDSCH-IC.
Proposal 6: introduce the following test with the scope to verify correct CRS-IC implementation.
	Test #
	TM (SC, INT1,INT2)
	AP (SC, INT1,INT2)
	SC MCS/RI
	Interference model MCS NC1/MCS NC2, RI NC1/RI NC2
	DTX, probability per PRB-pair
	CRS deployment
	CSI configuration
	Geometry level / INR %tile
	Comment, test Scope

	1
	9,9,9
	2,2,2
	14/1
	Fixed, MCS 5/5, RI=1/1 
	90%
	Non- colliding
	1 NZP, 3 ZP configuration explicitly modelled
	5-25%, INR@80%tile
	It verifies that the UE implements CRS-IC



Note that cancellation of 2 interferers for CRS-IC is consistent with earlier CRS-IC implementation in the context of FeICIC. However in order to fully verify that the UE cancels 2 interferers the INR conditions might need to be changed. It can be discussed further whether this is needed in the context of NAICS. 
Gains and blind detection test
Goals 3 and 4 can be fulfilled under this section, i.e.
3. The UE provide NAICS gains under the assumption that eNB sends specified assistance information which should be correctly interpreted by the UE.
4. The UE provides gains under the assumption that it is capable of blindly detect a set of specified  parameters; In the more stringent case this should be based on 1 PRB 
This test can be defined the UE should be capable of providing gains while guaranteeing that blind detection is performed correctly.
In order to achieve this several tests with different transmission modes and with mixture of transmission modes should be considered. Furthermore, considering that phase 1 approach with fixed interference characteristics does not stress the UE blind detection capability it is clear that this model can not be used to satisfy the above mentioned purposes. Hence, document [2] provides a model for the interference characteristics where a certain number of users are considered with resource allocation type 1 and type 0 and different pattern. This model allows having some contiguous RBs over which the interference characteristics are the same while in some cases the interference characteristics change on a per PRB basis. This is transparent for the UE. The interference can vary in frequency domain and time domain thanks to different offsets used in every subframe. 
During the study item large simulation analysis has been conducted. The following table provide a proposal of test set up with the purpose of testing NAICS gains in presence of network assistance. How the set network assistance is discussed in section 2.3.
	Test #
	TM (SC, INT1,INT2)
	AP (SC, INT1,INT2)
	SC MCS/RI
	Interference characteristics
	CRS deployment
	CSI configuration
	Geometry level / INR %tile
	Comment, test Scope

	2
	4,4,4
	2,2,2
	5 / 1
	Random interference as per [2].MCS and RI probability TBD
	Colliding
	1 configuration explicitly modelled
	5-25% / INR@50 or 80%tile
	It verifies gain and blind detection for TM4 1st test point. It verifies that the UE performs PDSCH-IC

	3
	4,4,4
	2,2,2
	14 / 1
	Random interference as per [2].MCS and RI probability TBD
	Colliding
	1 configuration explicitly modelled
	40-60% / INR@50 or 80%tile
	It verifies gain and blind detection for TM4 2nd test point. It verifies that the UE performs PDSCH-IC

	4

	4,2,2
	2,2,2
	5/1
	Random interference as per [Interf paper].MCS and RI probability TBD
	Colliding
	1 configuration explicitly modelled
	5-25% / INR@50 or 80%tile
	It verifies that the UE is capable of supporting mixture of TM 4 and 2 and it cancels 3 layers at least

	5
	9,9,9
	2,2,2
	5 / 1
	Random interference as per [2].MCS and RI probability TBD
	Non -Colliding
	1 NZP, 3 ZP configuration explicitly modelled
	5-25% / INR@80%tile
	It verifies gain and blind detection for TM4 1st test point. It verifies that the UE performs PDSCH-IC

	6
	9,9,9
	2,2,2
	14 / 1
	Random interference as per [2].MCS and RI probability TBD
	Non -Colliding
	1 NZP, 3 ZP configuration explicitly modelled
	40-60% / INR@ 80%tile
	It verifies gain and blind detection for TM4 2nd test point. It verifies that the UE performs PDSCH-IC



Proposal 7: Define the tests 1-6.

Goal 5: Fall-back
During NAICS study item it was highlighted that under certain unfavourable conditions NAICS receiver can provide lower performance compared to the legacy LMMSE-IRC if no countermeasures are taken. The WID explicitly tasks RAN 4 to guarantee through the definition of appropriate tests that NAICS receiver does not provide performance loss compared to legacy receiver. The UE shall hence implement a methodology to make sure that no performance loss is provided wrt to IRC receiver in unfavorable conditions. Unfavorable conditions means:
· Specific interference characteristics 
· Out of date network assistance signaling
In the document we consider only fallback behavior for specific interference characteristics. 
The specific method the UE implements to guarantee no loss in performance is left for implementation. Nevertheless tests should be defined. In particular it should be verified that when the fallback methodology is not enabled the performance loss wrt IRC receiver is sufficiently large. The requirement will be set based on IRC receiver performance. 
The general characteristics of the test can be defined as follows:
· PA of the NC is set to PA=-3dB and the PA set is fixed to {-6-3, 0}, serving cell PA=-3. 
· 10MHz
· SC CFI=2, NC CFI=2
· PDCCH explicitly modelled with 8CCE
· Frequency and timing error modelled (frequency offsets as -300, 100Hz and timing offsets as 1, 3us for the 1st and 2nd NC) 
· 1 PRB-pair allocation, 
· PB=0.
All these tests should be configured with frequency offsets as -300, 100Hz and timing offsets as 1, 3us for the 1st and 2nd NC, PDCCH explicitly modelled. In addition, for tests with TM4 on NC1 CSI-RS configuration (configuration 2) is configured and for all tests with TM9 on NC 1 NZP CSI-RS (configuration 2) and 3 ZP CSI-RS (configurations 3, 4 and 5) are configured.
	Test #
	TM (SC, INT1,INT2)
	AP (SC, INT1,INT2)
	SC MCS/RI
	INT MCS/RI 
	DTX
	CRS deployment
	CSI configuration
	TM Signalling
	Geometry level / INR %tile

	7
	9,10,10
	2,2,2
	14 / 1
	Phase 1, fixed, 14 / 2
	0%
	Colliding
	1 configuration explicitly modelled
	={TM1-4,6, 8-10}
	5-25% / INR@50%tile

	8
	9,4,4
	2,2,2
	14 / 1
	Phase 1, fixed, 14 / 2
	0%
	Colliding
	1 configuration explicitly modelled
	={TM1-4,6, 8-9}
	5-25% / INR@50%tile

	9
	4,4,4
	2,2,2
	14 / 1
	Phase 1, fixed, 14 / 2
	0%
	NON- Colliding
	1 configuration explicitly modelled
	={TM1-4,6, 8-9}
	5-25% / INR@50%tile

	10
	9,4,4
	2,2,2
	14 / 1
	Phase 1, fixed, 14 / 2
	0%
	NON-Colliding
	1 configuration explicitly modelled
	={TM1-4,6, 8-9}
	5-25% / INR@50%tile



Proposal 8: Define the tests 7-10.
Goal 6: Carrier aggregation
In the last meeting a UE capability to support carrier aggregation together with NAICS was decided. In particular the UE can signal to the network the maximum amount of PRBs over which it supports NAICS (note that it is not possible to apply NAICS on part of the bandwidth).
Considering the above it is suggested to introduce at least a subset of tests with carrier aggregation enabled, i.e. introduce a subset of tests defined above where 2 carriers are present with NAICS assistance signalling on both the carriers. This test will need to be fulfilled by those UEs which report this capability at least in one band combination. 
Proposal 9: introduce at least a subset of tests with carrier aggregation enabled where 2 carriers are present with NAICS assistance signalling on both the carriers. This test will need to be fulfilled by those UEs which report this capability at least in one band combination.
Goal 7: TDD
It was already shown that NAICS can provide gains also in TDD scenarios. Hence TDD tests should be considered with the same scope of FDD tests within the same time frame.
Proposal 10: Tests defined for FDD should be also duplicated to TDD deployment in NAICS WI with equivalent test configurations for TDD.


Conclusions
In this document we discuss the NAICS demodulation test scope and we provide the list of tests which we think should be introduced in order to verify the characteristics of NAIC feature.
The following proposals have been made:
Proposal 1: all the performance requirements should be defined by considering the worst case performance between SLIC and R-ML.
Proposal 2: Define all the tests with a single TM per cell. Support for TM1-9 (without TM 5 and TM7) should be signalled. One test should be included with TM10 to guarantee fallback performance. 
Proposal 3: Define the tests with varying PA within the signalled set. Sufficiently sparse PA values should be considered within the set.
Proposal 4: Model explicitly CSI-RS. For minimum requirements the presence of CSI-RS can be ignored. In case of TM9 interference it is proposed to consider several ZP and NZP CSI-RS configuration. In addition it is also proposed to define one CRS-based test with 1 CSI-RS configuration.
Proposal 5: Define tests with varying PDSCH start. Explicitly model PDCCH to avoid better receiver penalization. Base the requirements on the following behaviour: use MMSE-IRC for the maximum number of PDCCH symbols and NAICS performance for the remaining symbols.
Proposal 6: Introduce the following test with the scope to verify correct CRS-IC implementation.
	Test #
	TM (SC, INT1,INT2)
	AP (SC, INT1,INT2)
	SC MCS/RI
	Interference model MCS NC1/MCS NC2, RI NC1/RI NC2
	DTX, probability per PRB-pair
	CRS deployment
	CSI configuration
	Geometry level / INR %tile
	Comment, test Scope

	1
	9,9,9
	2,2,2
	14/1
	Fixed, MCS 5/5, RI=1/1 
	90%
	Non- colliding
	1 NZP, 3 ZP configuration explicitly modelled
	5-25%, INR@80%tile
	It verifies that the UE implements CRS-IC



Proposal 7: Consider the following tests for Gain and Blind detection scope:
	Test #
	TM (SC, INT1,INT2)
	AP (SC, INT1,INT2)
	SC MCS/RI
	Interference characteristics
	CRS deployment
	CSI configuration
	Geometry level / INR %tile
	Comment, test Scope

	2
	4,4,4
	2,2,2
	5 / 1
	Random interference as per [2].MCS and RI probability TBD
	Colliding
	1 configuration explicitly modelled
	5-25% / INR@50 or 80%tile
	It verifies gain and blind detection for TM4 1st test point. It verifies that the UE performs PDSCH-IC

	3
	4,4,4
	2,2,2
	14 / 1
	Random interference as per [2].MCS and RI probability TBD
	Colliding
	1 configuration explicitly modelled
	40-60% / INR@50 or 80%tile
	It verifies gain and blind detection for TM4 2nd test point. It verifies that the UE performs PDSCH-IC

	4

	4,2,2
	2,2,2
	5/1
	Random interference as per [2].MCS and RI probability TBD
	Colliding
	1 configuration explicitly modelled
	5-25% / INR@50 or 80%tile
	It verifies that the UE is capable of supporting mixture of TM 4 and 2 and it cancels 3 layers at least

	5
	9,9,9
	2,2,2
	5 / 1
	Random interference as per [2].MCS and RI probability TBD
	Non -Colliding
	1 NZP, 3 ZP configuration explicitly modelled
	5-25% / INR@50 or 80%tile
	It verifies gain and blind detection for TM4 1st test point. It verifies that the UE performs PDSCH-IC

	6
	9,9,9
	2,2,2
	14 / 1
	Random interference as per [2].MCS and RI probability TBD
	Non -Colliding
	1 NZP, 3 ZP configuration explicitly modelled
	40-60% / INR@80%tile
	It verifies gain and blind detection for TM4 2nd test point. It verifies that the UE performs PDSCH-IC




Proposal 8: Consider the following tests for fallback scope:
	Test #
	TM (SC, INT1,INT2)
	AP (SC, INT1,INT2)
	SC MCS/RI
	INT MCS/RI 
	DTX
	CRS deployment
	CSI configuration
	TM Signalling
	Geometry level / INR %tile

	7
	9,10,10
	2,2,2
	14 / 1
	Phase 1, fixed, 14 / 2
	0%
	Colliding
	1 configuration explicitly modelled
	={TM1-4,6, 8-10}
	5-25% / INR@50%tile

	8
	9,4,4
	2,2,2
	14 / 1
	Phase 1, fixed, 14 / 2
	0%
	Colliding
	1 configuration explicitly modelled
	={TM1-4,6, 8-9}
	5-25% / INR@50%tile

	9
	4,4,4
	2,2,2
	14 / 1
	Phase 1, fixed, 14 / 2
	0%
	NON- Colliding
	1 configuration explicitly modelled
	={TM1-4,6, 8-9}
	5-25% / INR@50%tile

	10
	9,4,4
	2,2,2
	14 / 1
	Phase 1, fixed, 14 / 2
	0%
	NON-Colliding
	1 configuration explicitly modelled
	={TM1-4,6, 8-9}
	5-25% / INR@50%tile



Proposal 9: introduce at least a subset of tests with carrier aggregation enabled where 2 carriers are present with NAICS assistance signalling on both the carriers. This test will need to be fulfilled by those UEs which report this capability at least in one band combination.
Proposal 10: Tests defined for FDD should be also duplicated to TDD deployment in NAICS WI with equivalent test configurations for TDD.
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