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1. Introduction

At the last RAN plenary meeting, the NAICS WI Core part on RAN4 is completed and the NAICS WI performance part will be started at this meeting. The objectives of WI performance part were captured on the WID as follows [1].

· 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 provide our views on the NAICS UE demodulation framework. 
2. Discussion
2.1. Test purposes
In the investigation on NAICS SI and WI core parts, we observed that the NAICS can improve the demodulation performance compared the Rel.11 MMSE-IRC receiver, but this performance gain is strongly depend on the interference condition. On the other hand, we should ensure no performance loss compared to the Rel.11 MMSE-IRC receiver in accordance to NAICS WID. Therefore, in our view, RAN4 should consider the following two aspects for the specification of demodulation requirement for NAICS: 
· Verification of NAICS receivers’ performance gains. 
·  We should ensure the correct NAICS implementation and achievable performance gain assuming the typical interference conditions and corresponding higher layer signalling.
· Verification of NAICS receivers’ robustness (no performance loss compared to Rel. 11 MMSE-IRC)
· In accordance to WID, no performance loss compared to Rel.11 MMSE-IRC receiver should be guaranteed in all interference condition including some bad condition for NAICS, e.g. dynamically changing of interference parameters and mixture TM scenarios. 
Regarding the second aspect, it is not certain that NAICS receiver's robustness can be guaranteed in all interference condition because RAN4 had not been able to reach a consensus about a feasibility of blind detection in the NAICS WI core part. Therefore, RAN4 should evaluate the performance of NAICS assuming some bad interference condition for NAICS. However, If it is observed that robustness cannot be ensured, at least RAN4 should clarify the worst interference condition where robustness can be guaranteed assuming current agreed NAICS signalling in RAN1 [2]. If we can clarify the worst condition, we consider that whether NAICS functionality is configured or not, i.e. whether the higher layer singling for NAICS is configured or not is up to NW choice in unguaranteed condition.
Proposal 1: Consider two test aspects for the specification of demodulation requirement for NAICS: verification of NAICS receivers’ performance gains and verification of NAICS receivers’ robustness.
Proposal 2: Evaluate the performance of NAICS receiver assuming some bad interference conditions for NAICS, e.g., dynamic change in interference parameters and mixed TM scenarios.
Proposal 3: If it is observed that robustness cannot be ensured, at least RAN4 should clarify the worst interference condition where robustness can be guaranteed assuming current agreed NAICS signalling in RAN1.

2.2. Test scenarios
2.2.1. Interference profile

Regarding the number of the dominant interference cells, we propose 2 interference cells similar to NAICS SI and WI core part. In addition, regarding the settings of geometry and Ik/Noc, we propose the use of low geometry case (5~25%-tile geometries) for verification of performance gain of NAICS, and medium geometry (40-60%-tile geometries) or high geometry (75-95%-tile geometries) for verification of robustness of NAICS. 

Propose 4: The number of the dominant interference cells is two similar to NAICS SI and WI core parts.
Propose 5: Consider low geometry case (5~25%-tile geometries) for verification of performance gain of NAICS, and medium geometry (40-60%-tile geometries) or high geometry (75-95%-tile geometries) for verification of robustness of NAICS.
2.2.2. Interference modelling assuming FTP traffic model 1
We have some alternatives for interference modelling:

· Alt.1: Reuse phase-1 modelling, i.e. Fixed ON/OFF modelling
· Alt.2: Reuse phase-2 modelling (without link adaptation), i.e. dynamic ON/OFF modelling

· Alt.3: Introduce new interference modelling

We consider that Alt.1 is the simplest way, but it assumes some unrealistic interference condition, e.g. Fixed ON/OFF pattern. Therefore, in order to verify the performance of NAICS receiver assuming dynamic ON/OFF condition, Alt.2 is more desirable. However, the following note for phase-2 modelling is captured in [3]:

Note: This simplified model is adopted for link level evaluation in the study item phase. System level simulation will have realistic interference MCS/RI that varies during each packet, and another model (e.g., Random MCS/RI across subframe and/or subband for the duration of each packet) should be considered for test definition in later Work Item phase, in order to test the robustness of the receivers.
For the progress of the specification, we can choose Alt.2. However, in order to verify the performance of NAICS in the interference condition with dynamic changing of MCS and RI across time and frequency domain, we propose the reuse of the interference modelling for Rel.11 IRC receiver as shown in Fig.1 and use two different modelling in accordance to the test purpose. For example, for verifying performance gain of NAICS, we could assume Alt.2 as interference. On the other hand, for verifying robustness of NAICS, we could assume the modelling in Fig.1, but a granularity in frequency domain (e.g. 1RB) and dynamic changing of other interference parameters (e.g. CFI value) are FFS in this case. 
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Fig. 1 - Interference modelling for Rel.11 IRC receiver
Proposal 6: Consider Alt.2 and reuse interference modelling in Rel.11 MMSE-IRC receiver.

Proposal 7: Use two different modelling schemes in accordance with the test purpose.

2.2.3. Transmission mode and CRS pattern
In addition, during the NAICS SI and WI core ports, whether the parameter combinations for NAICS receivers can be blindly detected or not in the following scenarios was not clarified [4]:

· Mixed TM scenarios. 
· Non-colliding CRS pattern for the dominant interferer 
From the viewpoint of operator, however, that scenario could be considered in the early Rel. 12 LTE NW. Therefore, RAN4 should clarify the blind feasibility and performance gain of NAICS assuming above scenarios.

Proposal 8: RAN4 should clarify the feasibility of blind detection and performance gain of NAICS assuming mixed TM scenarios and non-colliding CRS pattern for the dominant interferer.

If RAN4 will decide that the parameter combinations can be blindly detected in those scenarios for employing the different TMs between eNodeBs, there will be no problem. However, if RAN4 will decide that the blind detection in such cases is difficult and will clarify that the severe degradation compared to the throughput performance of the current Rel. 11 MMSE-IRC receiver due to the incorrect blind detection occurs, such degradation should be avoided. Therefore, we consider that the following scenarios can be considered as candidates for the NAICS PDSCH demodulation performance tests. 
· TM3/TM3, Non-colliding CRS

· TM4/TM4, Colliding CRS

· TM9/TM9, Colliding CRS or Non-colliding CRS

· Mixed TM scenario (e.g. TM3/TM9, TM9/TM3), colliding CRS or non-colliding CRS  
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

We also consider that RAN4 need to further discuss for this issue.

2.2.4. Time/Frequency offsets
For the specification of the demodulation requirement for NAICS, realistic time and frequency offsets for the interference cell signals should be considered. Because the target of the NAICS specification is mainly improvement of the user throughput at the cell-edge similar to Rel.11 DL CoMP, we could reuse the time and frequency offset value in the specification for Rel.11 DL CoMP. For example, a no propagation delay and frequency offset difference between serving and interference cells could be assumed for NAICS scenario 1. On the other hand,  the 200Hzin frequency domain and 2 us in time domain can be considered for NAICS scenario 2a/2b. 
Proposal 9: Reuse the time and frequency offset values used in Rel.11 DL CoMP.
2.3. Receiver structure

2.3.1. Receiver candidates
In the NAICS SI and WI core part, various receiver is investigated, e.g. R-ML, SLIC, E-LMMSE-IRC [3]. In the past RAN4 meeting, we showed the link-level evaluation results of SLIC [5] and E-LMMSE-IRC [6]. From the results, we observed that SLIC can improve the throughput performance, but E-LMMSE-IRC cannot improve compared to Rel.11 MMSE-IRC. Therefore, we propose precluding the E-LMMSE-IRC receiver from the specification for demodulation requirement at least.
Proposal 10: Preclude the E-LMMSE-IRC receiver from the specification for demodulation requirement.

2.3.2. Methodology to define unified requirements
We have some alternatives to define the unified requirements for NAICS:

· Alt.1: Down select to only 1 receiver type (e.g. R-ML only).
· Alt.2: Down select to some receiver types (e.g. R-ML and SLIC) and use minimum performance within all receiver types similar to Rel.12 SU-MIMO [7].
From the link-level and system-level evaluation results in RAN4 and RAN1 [3], we observed that the performance of R-ML typically outperform that of SLIC. Therefore, we consider that the best receiver is used for making a performance requirement, and Alt.1 is more preferable. 
Proposal 11: Consider Alt.1 for the specification of demodulation requirements.
3. Conclusion

In this contribution, we provided our view on demodulation requirement for Rel.12 NAICS receiver, and we proposed the followings.
Proposal 1: Consider two test aspects for the specification of demodulation requirement for NAICS: verification of NAICS receivers’ performance gains and verification of NAICS receivers’ robustness.

Proposal 2: Evaluate the performance of NAICS receiver assuming some bad interference conditions for NAICS, e.g., dynamic chang in interference parameters and mixed TM scenarios.

Proposal 3: If it is observed that robustness cannot be ensured, at least RAN4 should clarify the worst interference condition where robustness can be guaranteed assuming current agreed NAICS signalling in RAN1.

Propose 4: The number of the dominant interference cells is two similar to NAICS SI and WI core parts.
Propose 5: Consider low geometry case (5~25%-tile geometries) for verification of performance gain of NAICS, and medium geometry (40-60%-tile geometries) or high geometry (75-95%-tile geometries) for verification of robustness of NAICS.

Proposal 6: Consider Alt.2 and reuse interference modelling in Rel.11 MMSE-IRC receiver.

Proposal 7: Use two different modelling schemes in accordance with the test purpose.

Proposal 8: RAN4 should clarify the feasibility of blind detection and performance gain of NAICS assuming mixed TM scenarios and non-colliding CRS pattern for the dominant interferer.
Proposal 9: Reuse the time and frequency offset values used in Rel.11 DL CoMP.

Proposal 10: Preclude the E-LMMSE-IRC receiver from the specification for demodulation requirement.
Proposal 11: Consider Alt.1 for the specification of demodulation requirements.
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