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1. Introduction

The NAICS WI Performance part has the following objectives [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 last RAN4 WG meeting initial discussion on the NAICS UE demodulation requirements work scope took place. A WF on NAICS UE demodulation requirements [2] was discussed, but not approved. At the same time, the WF provides a good summary of the topics to be initially discussed in the WI Performance part:
· Test purposes and their prioritization if any
· 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 signalling parameters for the performance tests (e.g. TM subset, PA subset, blind detection granularity, etc.)
· Performance metrics
In this contribution, we share our views on the NAICS UE demodulation framework (Performance part) and associated performance related aspects including tests purposes, scenarios, receiver assumptions and other aspects.
2. Discussion
2.1 Test types
The RAN4 work on the NAICS SI and WI was focused on the investigation of the potential PDSCH demodulation performance enhancements. The respective PDSCH demodulation tests should be introduced. There is no impact on the demodulation of the remaining physical channels and no other demodulation tests are needed.
Based on RAN1 WG agreements some impact on the CSI reporting may exist as well. This topic needs further discussion and is addressed in the companion paper [3], while in this paper we mainly address the PDSCH demodulation tests aspects.
Proposal #1: Introduce PDSCH demodulation tests for the verification of NAICS functionality. 
2.2 Test purposes
The NAICS link-level performance studies have shown that enhanced IS/IC receivers allow achieving noticeable gains in some scenarios and may have limited gains or even performance loss in other scenarios. In our view, two general test purposes might be considered:
· Verification of NAICS receivers’ implementation in terms of achievable performance gains over baseline LMMSE-IRC receivers. The scenarios for these tests can be selected based on prior RAN4 studies and should aim to address the cases where substantial NAICS gains are observed comparing with the baseline LMMSE-IRC receiver. The performance requirements for this test purpose should be defined under assumption of using enhanced IS/IC receivers.
· Verification of NAICS receivers’ implementation in terms of robustness. The purpose of such tests is to check that enhanced IS/IC receivers ensure “no loss vs LMMSE-IRC”. The test scenarios can be defined in a way to emulate conditions not favourable for NAICS operation where some loss can be expected. For this test purpose the requirements should be defined under assumption of using baseline LMMSE-IRC or LMMSE-IRC + CRS-IC receivers. 
In our view, the task of verification of NAICS receivers’ performance gains has higher priority and needs to be handled first. When the test scenarios for performance gains tests are defined, the work on the robustness tests can be started. Alternatively, the RAN4 WG can decide to introduce the performance gains tests only.
Proposal #2: Consider the following test purposes for the NAICS PDSCH demodulation tests: 
· Verification of NAICS receivers’ implementation in terms of achievable performance gains (first priority);
· FFS: Verification of NAICS receivers’ implementation in terms of robustness (second priority, if agreed by RAN4 WG).
2.3 Scenarios and interference models
Transmission modes and CRS patterns
The NAICS receivers requirements should cover a broad set of different scenarios in terms of transmission modes used in the serving and interference cells as well as mutual CRS patterns (i.e. colliding and non-colliding). Based on the results of the performance analysis, we think that the following scenarios can be considered as candidates for the PDSCH demodulation performance tests for verification of NAICS receivers’ performance gains:
· DMRS/DMRS TMs scenario (e.g. TM9/TM9) with either colliding CRS or non-colliding CRS patterns;
· CRS/CRS TMs scenarios (e.g. TM4/TM4, TM2/TM2) with colliding CRS pattern;
· CRS/DMRS TMs scenario (e.g. TM4/TM9) with colliding CRS patterns;

Note: The TM X / TM Y notation is used to describe the scenario with TM X in the serving cell and TM Y in the interference cells. The DMRS TMs term denotes DMRS-based PDSCH TMs, while CRS TMs term denotes CRS-based PDSCH TMs.
Assuming large number of scenarios, some prioritization should take place. For instance, the performance gains tests for TM9/TM9, TM4/TM4 and TM2/TM2 scenarios can be prioritized.

Based on our simulation results, either small performance gains or even performance loss can be observed in CRS/CRS and CRS/DMRS TMs scenarios in case of non-colliding CRS patterns and in the DMRS/CRS TMs scenarios. These scenarios can be considered as candidates for NAICS robustness tests and should be discussed at later stage.
Proposal #3: Introduce the following NAICS receivers’ performance gains tests:
· TM9/TM9 with non-colliding CRS pattern;

· TM4/TM4 with colliding CRS pattern;

· TM2/TM2 with colliding CRS pattern;

· FFS: TM4/TM9 with colliding CRS pattern.

Interference profile

The PDSCH demodulation tests should be based on Phase 1 methodology adopted in the NAICS SI and WI Core part with fixed serving and interference cell transmission parameters including MCS, RI, signal presence and power level.
As proposed in the companion paper [4], the OFF/ON interference pattern should not be considered in case the CRS receive power based dominant selection approach is used. So, either ON/ON or ON/OFF interference pattern can be considered for the performance tests. Actually we think that the ON/ON pattern is more preferable.

As for the interference power, typical values used for the SI and WI analysis can be used including the medium and high INR conditions (50% and 80% I1/Noc CDF) corresponding to the NAICS Scenario 1 with 40 % RU and low geometry. In addition, medium and high geometry conditions can be considered to ensure NAICS applicability in those scenarios. However, further analysis is needed to check NAICS performance in those scenarios as they were not studied in details in the SI and WI stages.
Proposal #4: The following interference profiles are considered for NAICS receivers’ performance gains tests: 

· NAICS Scenario 1, 40 % RU, low geometry, medium and high INR (50% and 80% I1/Noc) and ON/ON interference pattern
· FFS: Other interference conditions incl. medium and high geometry.

Transmission parameters

The performance tests should cover different MCS levels for both serving and interference cells including QPSK and QAM16 for the serving cell and QPSK, QAM16 and QAM64 for the interferer cell. In addition, the tests should cover scenarios with RI = 2 at least in the interferer cell.

Special tests with randomized interference models can also be introduced to verify that UE adheres the blind detection granularity in time/frequency domains. Meantime, in the remaining tests fixed interferer reference channel can be assumed.

Proposal #5: Verify that UE follows the blind detection granularity in time/frequency domains using a randomized interference model.
Duplexing modes

The prior RAN4 WG studies were focused on the FDD modes. For the performance tests, both FDD and TDD duplexing modes should be equally considered in terms of requirements.
Time/Frequency offsets

To verify that UE has correct implementation in terms of the interference signal time/frequency offsets estimation and compensation, realistic time and frequency offsets for the interference cell signals should be considered in the NAICS demodulation tests. For instance, the 200Hz and 2us parameters can be considered for the definition of the test requirements. To limit the test design complexity, such setup can be considered for the selected tests only aimed at the verification of the respective functionality, while in other tests the effects can be not taken into account.
Proposal #6: The NAICS demodulation tests should ensure verification of correct implementation of interference time/frequency offset handling.
Channel model

The most part of previous RAN4 studies considered the EPA5 channel model. For the definition of the enhanced performance requirements additional channel models need to be considered to back NAICS receivers applicability in those scenarios. For instance, ETU5 channel model can be considered.
In addition, serving cell and interference cell channel models can be different (e.g. EPA and ETU) and it may be reasonable to verify correct interferer channel parameters estimation (delay spread, Doppler shift) for the serving and interference signals.
Antenna configuration

The previous RAN4 WG studies were focused on the 2x2 antenna configuration scenario. No consensus was reached on the feasibility of CRS-based PDSCH interference handling in case of 4 CRS APs. Meantime, the DMRS-based PDSCH interference handling in case of 4 TX antennas was agreed to be feasible. Hence, the 2x2 and 4x2 antenna configurations should be considered for the tests for DMRS-based TMs and 2x2 configurations for the tests with CRS-based TMs. Low correlation model can be considered, other correlation models are FFS.
Proposal #7: The following antenna configurations are considered for NAICS demodulation tests: 

· 2x2 for CRS-based PDSCH TMs;

· 2x2 and 4x2 for DMRS-based PDSCH TMs.

PDCCH parameters and control region interference
As shown in [5], the erroneous PDCCH decoding might have noticeable impact on the NAICS performance in the low SINR conditions. The problem can be solved in case of using enhanced IS/IC receivers for downlink control channels in the interference-limited environments. However, such enhancements can be introduced no earlier than in Rel-13. To resolve the issue in the Rel-12 NAISC framework, it is proposed to minimize the impact of the erroneous PDCCH decoding by the proper test setup adjustment. In particular, it is suggested to consider either low loading control region interference or consider no interference at all. Meantime, the largest possible PDCCH AL should be chosen to optimize the link-budget.
Proposal #8: Take into account PCFICH/PDCCH decoding errors in the NAICS demodulation tests. Assume low or no loading for the interferer control channel in the LTE Rel-12 NAICS WI scope. 

Interferer resource allocation and precoding granularity

In our view, it is important to verify receiver implementation with respect to the blind detection and receive processing in accordance to the signalled interferer resource allocation and precoding granularity. The increased granularity can be tested in the scenarios with DMRS-based PDSCH TMs since they can get additional benefits from the knowledge of the interferer precoding bundling via using larger channel estimation blocks in frequency domain.
Proposal #9: The NAICS demodulation tests purposes should include verification that UE exploits information on the increased interferer signal resource allocation and precoding granularity.

2.4 Reference receiver structures and assumptions
Receiver structures

The NAICS receivers include two main components: PDSCH IS/IC receiver (e.g. R-ML) and CRS-IC functionality. So far, three possible types of enhanced PDSCH IS/IC receivers were considered in the NAICS WI scope – E-LMMSE-IRC, SLIC and R-ML. In accordance to the NAICS WID “unified” performance requirements need to be defined. At the same time, the prior studies have shown that typically the E-LMMSE-IRC receivers achieve substantially lower gains comparing with the SLIC and R-ML receivers [6]. So, in case the unified requirements are defined the respective requirements should be based on the E-LMMSE-IRC which is the lower bound receiver. In our view, this is not desirable and might reduce the benefits of the NAICS feature and hence E-LMMSE-IRC receiver is suggested to be excluded from the NAICS WI Performance part scope.
Proposal #10: E-LMMSE-IRC receiver is not considered for the definition of NAICS performance requirements.

In addition, we’d like to note that as shown in our companion paper [2], there are some cases where using LMMSE-IRC + CRS-IC might capture the significant portion of the performance gains or might even outperform the receiver which has both PDSCH-IS/IC and CRS-IC. So, we think that for certain tests (robustness tests) it may be reasonable to define the requirements based on the CRS-IC functionality only (i.e. LMMSE-IRC + CRS-IC) and do not require using enhanced PDSCH-IS/IC.

Unified R-ML and SLIC performance

The two remaining receiver structures, R-ML and SLIC, have different performance as well with R-ML typically outperforming SLIC. So, the specific approach to define the unified requirements needs to be discussed. So far, we see several possible alternatives on how to make this including using averaged or lower bound requirements. However, at current stage is hard to judge on the most appropriate methodology to define the single requirement. So, it is suggested to collect the available results, first, and later on decide based on the performance gap between the two receivers and the spread of the available results.
NAICS fallback operation
In certain scenarios, the enhanced IS/IC receivers performance might be penalized. For instance, the degradation might happen in the following cases:

· Poor channel and interference parameters estimation accuracy may reduce NAICS receivers performance (e.g. in non-colliding CRS scenario);

· The information on certain interferer parameters may be not provided to the UE (e.g. ZP and NZP CSI-RS).

So, in general, there is no guarantee that enhanced IS/IC receivers outperform the baseline LMMSE-IRC and do not introduce performance loss. Hence, some fallback mechanism might be needed. One of the potential approaches was proposed in [7] and is based on the dual decoding. In particular, in this case the NAICS receiver should include up to two decoding attempts – one with baseline LMMSE-IRC functionality and one with enhanced IS/IC (e.g. R-ML) functionality. We would like to note that the proposed mechanism might have some implications on the UE implementation complexity since the CTC decoder might need to be executed twice. In our view, other approaches that do not involve dual decoding can be considered to ensure the proper NAICS receiver behaviour. Both dynamic and semi-static scenario-specific processing approaches can be used. For instance, the reliability of the LMMSE-IRC and Enhanced IS/IC detectors outputs can be estimated in the course of the demodulation processing and the outputs of a more reliable single detector can be dynamically provided at the input of a CTC decoder. Additionally, as mentioned in the companion paper in the TM9/TM4 mix scenario the actual NAICS performance might be rather poor and one possible approach to ensure no loss is to apply TM9 detection only. So, in our view other implementation-specific approaches can be considered and there is no need to agree on the exact NAICS fallback mechanism to “ensure no loss vs LMMSE-IRC”. Using the LMMSE-IRC based requirements for the robustness tests would fit the WI objective.
Proposal #11: The NAICS fallback mechanism is implementation specific.
Dominant interferer selection

Based on prior RAN4 WG agreements the NAICS receiver complexity is limited in terms of the number of handled interference cells and total number of receive spatial layers:

… the scope of Rel-12 NAICS is to limit total layers (serving + interfering) up to 3 and one PDSCH.

At the same time, the RAN4 WG has not reached final agreements on the definition of the strongest interferer and on the method how should UE determine the interferer to be cancelled. In the companion paper [4] we compare the two possible approaches for the dominant interferer selection based on the CRS and PDSCH receive power. Taking into account the presented results of the performance analysis and complexity considerations we recommend that the dominant interferer selection for the NAICS receivers is done based on the CRS receive power criteria.

Proposal #12: The dominant interferer selection for NAICS receivers is assumed to be done based on the CRS RSRP.

PDSCH starting symbol handling

In the previous RAN4 meeting the following agreements on the PDSCH starting OFDM symbol of interference cell were reached [2]:

· RAN4 has no consensus on the benefit in complexity and performance if RAN1 defines the HL signalling on PDSCH starting OFDM symbol, without implying any restriction at the eNodeB (e.g. signal expected maximum PDSCH starting symbol). 

· If RAN1 doesn’t define the HL signalling on PDSCH starting OFDM symbol, 

· PDSCH starting symbol may be blindly detected through PCFICH decoding, in case that PCFICH carries the actual value of CFI.

· Alternatively, UE may always assume the most conservative PDSCH starting OFDM symbol, at the cost of slight but non-negligible performance loss under certain scenarios compared with that of PDSCH starting symbol is known (but still considerable gain compared with MMSE-IRC receiver).

As the result of the RAN1 WG discussion no signalling to inform UE on the interferer PDSCH starting symbol was introduced. Furthermore, UE does not know whether interferer cells PDSCH starting symbol follows CFI. Hence, interferer PCFICH decoding may not give correct information. So, the only feasible approach that can be applied is the conservative processing approach (i.e. UE always assumes the most conservative interferer PDSCH starting OFDM symbol). In our view, the respective receiver assumption needs to be confirmed. From the test perspective, special tests may be needed to verify correct UE implementation with this regards.
Proposal #13: UE may always assume the most conservative interferer PDSCH starting OFDM symbol.
2.5 Performance metrics

Further discussion on the test metric for the NAICS performance tests might be needed. In our view, the following types of metrics can be considered:

· Absolute enhanced IS/IC receiver performance. This is a typical approach used in the RAN4 demodulation tests and is rather convenient to characterize the achievable performance. An example of such metrics is the SNR required to reach x% of the maximum throughput. The drawback of this approach with respect to NAICS case is that after the final requirements are defined it might be difficult to derive the actual gains achieved vs the baseline receiver which might be a useful information as well.

· Relative gain vs the baseline LMMSE-IRC. Either relative SNR gain (for fixed throughput) or relative throughput gain (for fixed SNR) can be considered. The performance requirements for the LMMSE-IRC receivers are already defined and there is clear understanding on how it operates in different conditions. So it can be used as a reference point for the definition of the relative enhanced IS/IC receiver requirements.

Proposal #14: Further discuss whether absolute or relative enhanced IS/IC receiver performance requirements need to be defined. Consider to provide both absolute and relative performance metrics in the alignment stage.

3. Conclusions

In this contribution we have shared our views on the NAICS UE demodulation framework (Performance part) and associated performance related aspects. In summary, we make the following proposals:

Proposals:
TEST TYPES AND PURPOSES

1. Introduce PDSCH demodulation tests for the verification of NAICS functionality. 

2. Consider the following test purposes for the NAICS PDSCH demodulation tests: 

· Verification of NAICS receivers’ implementation in terms of achievable performance gains (first priority);

· FFS: Verification of NAICS receivers’ implementation in terms of robustness (second priority, if agreed by RAN4 WG).

SCENARIOS AND INTERFERENCE MODELS

3. Introduce the following NAICS receivers’ performance gains tests:

· TM9/TM9 with non-colliding CRS pattern;

· TM4/TM4 with colliding CRS pattern;

· TM2/TM2 with colliding CRS pattern;

· FFS: TM4/TM9 with colliding CRS pattern.

4. The following interference profiles are considered for NAICS receivers’ performance gains tests: 

· NAICS Scenario 1, 40 % RU, low geometry, medium and high INR (50% and 80% I1/Noc) and ON/ON interference pattern
· FFS: Other interference conditions incl. medium and high geometry.

5. Verify that UE follows the blind detection granularity in time/frequency domains using a randomized interference model.
6. The NAICS demodulation tests should ensure verification of correct implementation of interference time/frequency offset handling.
7. The following antenna configurations are considered for NAICS demodulation tests: 

· 2x2 for CRS-based PDSCH TMs;

· 2x2 and 4x2 for DMRS-based PDSCH TMs.

8. Take into account PCFICH/PDCCH decoding errors in the NAICS demodulation tests. Assume low or no loading for the interferer control channel in the LTE Rel-12 NAICS WI scope. 

9. The NAICS demodulation tests purposes should include verification that UE exploits information on the increased interferer signal resource allocation and precoding granularity.
REFERENCE RECEIVER STRUCTURES AND ASSUMPTIONS 

10. E-LMMSE-IRC receiver is not considered for the definition of NAICS performance requirements.

11. The NAICS fallback mechanism is implementation specific.

12. The dominant interferer selection for NAICS receivers is assumed to be done based on the CRS RSRP.

13. UE may always assume the most conservative interferer PDSCH starting OFDM symbol.

PERFORMANCE METRICS

14. Further discuss whether absolute or relative enhanced IS/IC receiver performance requirements need to be defined. Consider to provide both absolute and relative performance metrics in the alignment stage.
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