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1
Introduction

With the finalization of the NAICS core part, RAN4 needs to focus further on the introduction of UE PDSCH demodulation and CSI feedback tests as well as for the verification of NAICS functionality [1]. 
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 the previous meeting we have been deciding [9] several issues with respect to the NAICS performance requirements. 

· 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.

An initial version of this paper has been presented in [4]. In this contribution we provide an updated version, taking into account the last meeting agreements and discussing further the remaining open issues regarding the NAICS UE testability framework. 
2
NAICS Release 12 signalling specification work 
During the previous RAN4 meetings, the parameters characterizing the interfering PDSCH have been grouped into parameters which can be blindly detected and parameters for which network assistance is necessary in the form of semi-static signalling. Previous RAN4 decisions can be summarized as follows [3]:

· Joint Blind detection is possible for modulation, PMI, RI, presence of interference, for 2 CRS APs. 

· Blind detection is possible for PDSCH starting position, PA from a maximum subset size of 3 values, 
· Joint Blind detection is possible for modulation, RI, DMRS ports, nSCID, presence of interference, for 2 DMRS ports (port 7 and 8). 

· Network assistance is needed for MBSFN configuration, TMs, ρB/ρA ratio (i.e. PB), 
· In the context of TM10:

· there was no consensus the feasibility of NAICS without HL signaling or the benefit of HL signaling for ZP CSI-RS, NZP CSI-RS, QCL information configuration of interference cell.
· VCID+nSCID combinations is restricted to 6 values

· Synchronization of CP, slot, SFN, subframe and common system bandwidth for the serving cell and interfering cells can be implicitly assumed if NAICS signaling is present.
During RAN1#78 meeting, it has been concluded the following operation for the Release 12 NAICS:
The following parameters have been agreed in RAN1 for NAICS higher-layer signalling for TM1 to TM9 to facilitate the interference cancellation and suppression for interfering cells at UE side.  However, it’s RAN1’s understanding that how to utilize the signalled parameters for interference cancellation and suppression is up to UE implementation.

· Network assistance if provided for the following parameters: cell ID, PB, subset of 3 PA values, CRS ports (1, 2, 4), MBSFN pattern, supported TMs {TM1, TM2, TM3, TM4, TM6, TM8, TM9, TM10}, resource allocation granularity {1, 2, 3, 4} PRB pairs.

· Network assistance is provided for TM1 to TM9

· No support for TM10 related assistance signalling
· No special subframe configuration signalling. UE may assume the same special subframe configuration between the serving and interference cell(s) for which NAICS signalling is provided

· No higher-layer signalling of UL/DL configuration. UE may assume the same UL/DL configurations for the serving/interference cell(s).

· No consensus to support signalling of CSI-RS and PDSCH IC starting position for TM1 to TM9

· 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

RAN3 has informed [10] RAN4 that the NAICS assistance information is subject to backhaul delay, which is implementation dependent.
3
NAICS UE testability framework 
At first glance, the dimensions of NAICS UE performance testability are quite broad. Indeed, the aim of NAICS applicability is to a vast range of scenarios while this feature has to face a wide range of network configurability. On the other hand it is rather important to keep the number of test cases under control, however not jeopardizing the NAICS UE testability. Without exaggerating, we can say that interest in the NAICS technology deployment depends on the outcome of the performance requirements work which needs to create a feasible framework for NAICS UE utilization in real networks. 
Observations:

· The NAICS UE testability framework has several foundation vectors: 
· the UE blind detection mechanism which needs to reach a high level of reliability,
· a CSI feedback mechanism, which has to operate in a seamless fashion with respect to the interference situation, 
· the reliable operation of the previous two components in face of a broad choice of network configurability and across multiple UE types.
In the following we discuss several key aspects related to the NAICS UE testability, further details can be found in the companion contributions [5]
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Given the large amount of decisions we need to take in order to craft a reliable NAICS UE testability framework, we propose to structure the discussion in the following order:

Proposal for the discussion structure:

1. Agree on the blind detection testability components.
2. Agree on the interference models and scenarios which fulfil the tested blind detection.
3. Create test cases for performance and robustness, provided evaluations of the above two points have been performed.

Due to the nature of the NAICS operation in both CSI feedback computation and demodulation, and due to the fact that performance requirements tests need to identify the IC operation, the NAICS IC receiver capability should be identified as receiver Type B.
Proposal:

· Identify the NAICS IC receiver as “Receiver Type B” in the specifications.

3.1 Blind detection testability
3.1.1 Interference parameters
Release 12 NAICS operation spans both CRS (TM2, TM3, TM4, TM6) and DMRS (TM8, TM9) modes. The common blind detection operations relate to: interference presence, dominant interference identification, TM, PDSCH starting symbol, modulation. The specifics of CRS based operation consists of blind detection of PA, PMI, RI. The specifics of DMRS based operation consists of DMRS ports blind detection, and presence of CSI-RS ports in interfering signal. 

Grouping the parameters into joint tests seems to be the only feasible way in terms of minimizing the amount of tests and also from the perspective that it mimics better the real life operation. Depending on the blind detection strategy, joint tests would better capture the error propagation effect if the blind detection stages are not all done jointly but they are concatenated.  

Letting some of the parameters untestable is not a desirable option and could be harmful to the whole applicability of NAICS feature. A careful investigation is thus necessary to all the elements involved in the characterization of the interfering PDSCH.
Proposals:

· The parameters should be grouped so that they can be tested in a joint setup.
More details regarding the importance of parameter testing can be found in [5]. In the following we enumerate several important observations regarding to the blind detection testability. 
We would like to start first with common components to any test. Interference presence is a critical operation which needs to be part of any test as failing to detect the interfering PDSCH, if present, would result in no utilization of NAICS IC capability. Dominant interference identification is a critical operation which needs to be part of any test. Reliable dominant interferer identification is a critical operation which has severe performance consequences, if misdetected, as the UE would be unable to link the provided network assistance with the cancellation operation it performs. Blind detection of PDSCH starting position needs to be part of any test. Several options do exist for handling the PDSCH starting position: by blind detection of the exact PDSCH starting symbol or by assuming a conservative starting symbol for the PDSCH starting symbol. The first approach would harvest the maximum PDSCH IC gain while the second would decrease the IC efficiency, however would have less UE complexity and will not be exposed to blind detection errors. We note that the conservative assumption can always be a fallback mode in case of blind detection failure. In addition to the previously mentioned parameters, the blind detection of modulation, RI, PMI, PA, DMRS presence should be tested.
At least TM2, TM4, TM 9 should be part of the UE performance tests. The TM blind detection is a necessary stage at any time of NAICS applicability. Ideally the TM should be incorporated, along other parameters, to the group(s) of parameters to be tested for blind detection reliability. However, from a simulation and test case perspective, this might not be a trivial task. Both homogeneous and heterogeneous TM interactions are necessary to be investigated. The following TM interactions, as captured also in the previous meeting offline minutes [9], can be studied further: TM2-TM2, TM2-TM4, TM2-TM9, TM4-TM2, TM4-TM4, TM4-TM9, TM9-TM2, TM9-TM4, TM9-TM9. Performance needs to be investigated for colliding and non-colliding CRS cases so that proper split into performance and robustness can be performned.
The number of CRS ports and transmit antennas could be varied across tests so that they are not factorizing the number of test cases. 4 CRS are configured with other modes than TM4, like TM2 and TM3. TM2 is of particular importance as it is a fallback mode and also used for control channel transmission. The utilization of TM2 with 4CRS ports is highly probable as TM2 is a mode striving for cell edge UEs which are NAICS candidates. Another highly important scenario is the 8Tx utilization in TDD deployment operating with DMRS, hence not impacting the UE complexity. The following combinations of TMs and transmit antennas/ CRS ports can be considered: 2CRS in TM4 test, 4CRS in TM2 tests, 8Tx in TM9 tests while other combinations are not precluded. In the light of TM9 testing and the utilization of 8Tx antennas in TDD setups, it looks practical to consider the CSI-RS testing in such a setup. Hence, the 8 non-zero power CSI-RS REs with 10 ms periodicity should be part of the tests. No signalling is provided for eIMTA cases, further discussions and study is needed to assess the need for test cases in this particular situation.
Proposals:

· The following test framework can be envisioned:

Baseline sets:

· Group-CRS: IP + DII + PDSCH_SP + MOD + PA_{subset of 3 values FFS} + PMI + RI

· Group-DMRS: IP + DII + DMRSp + PDSCH_SP + MOD + RI

· Utilize 8 non-zero power CSI-REs with 10 ms periodicity in test setups.

· Colliding and non-colliding CRS

· TM2-TM2, TM2-TM4, TM2-TM9 in 4Tx setup

· TM4-TM2, TM4-TM4, TM4-TM9 in 2Tx setup

· TM9-TM2, TM9-TM4, TM9-TM9 in 2 (TM4/TM2) or 8 (TM9) Tx  setup 

3.1.2 Interference model
In the light of the large amount of test cases and the need to consider groups of parameters in the tests, the interference models play an important role. Indeed, the phase 1 simulations assumptions setup, at least in the current form, seems unfeasible to support the NAICS testability in an efficient way. Some degree of interference randomization seems necessary. To some extent the phase 2 simulations assumption contain a more random interference model, however it should be discussed if modifications are needed further. In the NAICS TR it is mentioned that random MCS/RI across subframe and/or subband for the duration of each packet could be introduced. We note that while a randomized interference model facilitates the NAICS testability, a too random model, like considering all the parameters random per subframe in time, might lead to unrealistic interference conditions. 
Proposals

· Utilize a randomized interference model, similar to NAICS phase 2.

3.1.3 Scenarios

The cases of colliding and non-colliding CRS have been investigated since the SI phase. At that stage it has been concluded that in case of non-colliding CRS the gains are smaller, due to the worst performance of the baseline MMSE-IRC in the colliding CRS scenario (due to incorrect interference estimation) [2]. There are in fact situations in which there might be even losses from the utilization of NAICS. In the left part of Figure 1 we show the cell hearability for potential NAICS links (potential NAICS link threshold: RSRP difference to serving cell 9 dB). In the right part of Figure 1 we show CRS collision probability in case mod3 utilization of CRS shifts is applied. From the overall potential NAICS utilization in the system (given by the amount of interferers and their strength, like for example the first and second bars), we observe that predominant situations are when non-colliding CRS is experienced. For example for the main dominant interferer (first bar), about 5% of interference originates cells experiencing similar CRS shifts (hence colliding cases). 
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Figure 1: cell hearability and CRS collision probability in homogeneous scenario
Further study is needed before deciding proper test selection with respect to the utilization of colliding and non-colliding CRS. 

Proposal: 

· Strive to capture all the possibilities of NAICS utilization in both colliding and non-colliding cases.

3.2 CSI feedback performance requirements

The CSI feedback testability [6] is a critical component as to some extent it links the eNB and UE operation. The NAICS CSI feedback testability builds on the ability of the UE to incorporate cancellation efficiencies into the reported CSI feedback. Alternatively, the NAICS technology may operate based on LMMSE-IRC CSI feedback provided the CQI definition is updated.
While the CSI feedback testability is clear for TM1-9 for both NAICS and interferer, the interaction between TM10 (for NAICS UE) and TM1-9 (for interferer) needs further discussion. From a signalling perspective, it is indeed up to UE implementation how to apply NAICS, in other words, it is possible for a TM10 UE to cancel interference coming from TM1-9. From a CSI feedback computation, allowing NAICS for UE configured in TM10 has an implication, as the signal strength and interference is measured on different resources, on CRS in TM1-8/9 and on CSI-RS+IMR for TM10.

Proposal:

· Enable the PDSCH IC of TM1-9 for TM10 NAICS UEs.

In [6] we have been discussing aspects related to the CSI feedback testability. Two options are possible in NAICS: 1. Adopting the LMMSE-IRC based CSI feedback, however with the proper definition updates, 2. Define new post-IC NAICS CSI computation. No matter on the selected choice, we have the following proposals: 
Proposals:
· Ensure a unified mechanism for capturing/deriving the NAICS CSI ensuring a consistent behaviour across UEs.
3.3 NAICS UE functionality/fallback

Proper NAICS functionality is mandated by both the WI requirements, which state that we should ensure no performance loss compared to LMMSE-IRC receivers in all interference PDSCH scenarios while also by the nature of the NAICS operation as such, which has to be reliable in face of a wide amount of network configuration options where not always the NAICS gains are appealing. While under network assistance, the NAICS UE encounters both situations of gains and losses with respect to the LMMSE-IRC operation. 
The importance of proper fallback operation for NAICS is related to the availability of network assistance as well. The network may indeed provide a full set of configured parameters, like for example all the implemented TMs in the network (not the active TMs) and other parameters. However, during RRC signalling cycles when the network assistance may be updated, network configuration changes may appear, one example being a change in resource allocation type/granularity. The scheduler changes, being influenced by the traffic dynamics, might lead to a change in terms of resource allocation which will propagate with a delay to the NAICS UE. Indeed, as indicated by RAN3 [10], the NAICS assistance information is subject to backhaul delay, which is implementation dependent. This implies that during the network assistance update periods, common otherwise to any network operation, the previous RRC signalling information would not be fully up to date to the scheduler interference structure, a situation in which we need to ensure that NAICS UE performance stays robust. In other words, there is no faulty operation of the network, but rather the network delays need to be taken into account when discussing the UE behaviour
Proposals:

· Ensure that NAICS UE performance is robust in face of network configuration updates.
4
Conclusions

In this contribution we have been presenting an overview of the NAICS UE testability framework, further details being available in the companion contributions [5]
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[7]. We can summarize the following:

Observations
1. The NAICS UE testability framework has several foundation vectors: 

a. the UE blind detection mechanism which needs to reach a high level of reliability,

b. a CSI feedback mechanism, which has to operate in a seamless fashion with respect to the interference situation, 

c. the reliable operation of the previous two components in face of a broad choice of network configurability and across multiple UE types.

Proposal for the discussion structure:

1. Agree on the blind detection testability.
2. Agree on the interference models and scenarios which fulfil the tested blind detection.
3. Create test cases for performance and robustness, provided evaluations of the above two points have been performed.

Proposals: 

General:

4. Identify the NAICS IC receiver as “Receiver Type B” in the specifications.

Blind detection testability: 

5. The parameters should be grouped so that they can be tested in a joint setup.
6. The following test framework can be envisioned:
Baseline sets:

a. Group-CRS: IP + DII + PDSCH_SP + MOD + PA_{subset of 3 values} + PMI + RI

b. Group-DMRS: IP + DII + DMRSp + PDSCH_SP + MOD + RI
c. Utilize 8 non-zero power CSI-REs with 10 ms periodicity in test setups.

i. Colliding and non-colliding CRS

1. TM2-TM2, TM2-TM4, TM2-TM9 in 4Tx setup

2. TM4-TM2, TM4-TM4, TM4-TM9 in 2Tx setup

3. TM9-TM2, TM9-TM4, TM9-TM9 in 2 (TM4/TM2) or 8 (TM9) Tx setup 

7. Utilize a randomized interference model, similar to NAICS phase 2.

8. Strive to capture all the possibilities of NAICS utilization in both colliding and non-colliding cases.
CSI feedback performance requirements
9. Enable the PDSCH IC of TM1-9 for TM10 NAICS UEs.
10. Ensure a unified mechanism for capturing/deriving the NAICS CSI ensuring a consistent behaviour across UEs.
NAICS UE functionality/fallback
11. Ensure that NAICS UE performance is robust in face of network configuration updates.
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