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1. Introduction

In accordance to the NAICS WI Performance part objectives RAN4 needs to define demodulation and CSI feedback performance requirements for NAICS receivers [1]. Meanwhile, in the previous meeting several issues on the feasibility of NAICS based CSI reporting were raised which need further discussion before proceeding with the CSI test work.
The RAN1 WG made a study of NAICS CSI reporting in the WI Core part. Eventually, two general options were discussed: 1) keep the existing CQI definition unchanged and let RAN4 define new tests for NAICS based CSI reporting, and 2) change the CQI definition and allow LMMSE-IRC receiver based reporting. Several concerns on the introduction of the CQI enhancement were raised, including the potential complexity and reliability of the interferer parameter estimation. As a compromise, it was decided to continue feasibility study in RAN4 on the possible CSI enhancements without precluding RAN1 specification change in the future if the outcome of the RAN4 discussion would be negative [2]:
· 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, these agreements do not preclude possibilities of RAN1 specification change

In the last two RAN4 meeting the feasibility of NAICS based CSI reporting was discussed and several important issues on the availability of the interference measurements were highlighted, however no conclusions on this topic were reached. In this contribution we share our further views on the potential CSI reporting impacts on NAICS receivers from the UE implementation perspective and provide results of the link-level performance of different CSI reporting methods.
2.  Discussion

Based on previous RAN1 and RAN4 WG discussion the following alternatives can be considered with regards to the CSI reporting for NAICS receivers:

· Option 1: LMMSE-IRC based CSI feedback with OLLA
· Option 2: NAICS based CSI feedback

· Option 3: Undefined CSI reporting requirements (i.e. implementation specific)

In our previous papers we have provided detailed views on the respective approaches [3, 4] and our observations can be summarized as follows:

· LMMSE-IRC based CSI reporting

· In case of LMMSE-IRC based CSI reporting OLLA can be used to achieve improved system performance for NAICS receivers.

· To enable LMMSE-IRC based CSI reporting for NAICS receivers the CQI definition needs to be changed.

· NAICS based CSI reporting

· Different NAICS based CSI reporting algorithms can be considered (e.g. E-LMMSE-IRC based, Clean CSI, Full NAICS reporting method) and RAN1 WG did not reach consensus on the feasibility of those algorithms from the performance/complexity perspectives

· Depending on the implementation NAICS based CSI reporting may or may not strictly follow the CQI definition

· Depending on the implementation NAICS based CSI reporting may still require using OLLA due to CQI mismatch (e.g. for clean CSI)
· NAICS based CSI reporting has higher implementation complexity comparing with the LMMSE-IRC based CSI reporting.

· Interference measurements for NAICS based CSI reporting

· The dominant interferer PDSCH parameters estimates are needed to enable NAICS based CSI reporting

· In the colliding CRS scenario, UE cannot estimate dominant interferer PDSCH parameters on the CRS REs.

· In the non-colliding CRS scenario, the dominant interferer PDSCH parameters estimation on the CRS REs may be not reliable due to low number of available resource elements.

· In case of using data and DMRS REs for the interference PDSCH parameters measurements, the reliability and complexity of the measurements depends on the presence of the serving cell PDSCH transmission to the UE (see Figure 1).

· In case if the CSI measurement resources do not completely overlap with the serving cell PDSCH transmission to the UE, the parameters blind detection complexity exceeds the agreed NAICS demodulation complexity.

· In case of absence of the scheduled serving cell PDSCH transmission, the UE cannot use data REs for the interference PDSCH measurements.
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Figure 1. Serving cell PDSCH allocation impact on interference parameters measurements

· Undefined CSI reporting requirements

· In case CSI reporting requirements for NAICS receivers are not defined, UE may use implementation specific CSI estimation mechanism including a) LMMSE-IRC based CSI reporting, b) NAICS based CSI reporting, c) mix of LMMSE-IRC and NAICS based CSI reports.

· In case CSI reporting requirements are not defined the network performance may degrade due to inconsistent CQI reporting.

So, the previous analysis has shown many open issues including the exact CSI calculation assumptions, availability of interference measurements and potential inconsistent CSI reporting. In our view the main issue of the NAICS based CSI reporting is that it cannot be used in case the scheduled PDSCH do not completely overlap with the CSI measurement resources. It is not reasonable to assume that eNodeB would adjust its scheduling decisions to facilitate the NAICS based CSI measurements. So, the UE behaviour in such condition would be undefined. This may lead to inconsistent CSI reporting behaviour for different UEs and have negative impact the network performance.

Observations:

· The availability of the interference PDSCH parameters measurements for the NAICS based CSI reporting cannot be guaranteed.

3. Performance analysis

In this section we provide the link level performance analysis of LMMSE-IRC and NAICS based CSI reporting methods in case of using genie-aided R-ML NAICS demodulation processing and compare them vs the legacy LMMSE-IRC receivers case. In order to have a fair comparison of different approaches we assume that an eNodeB side OLLA is used to compensate the difference between demodulation and CSI reporting assumptions. The analysis was done for the genie-aided NAICS receiver for the case of the availability of all the required interference PDSCH parameters. The link-level analysis was conducted for different interference conditions, TMs and CRS pattern scenarios. In particular, the following modelling parameters were used:
· Interference environment:
· Fixed interference environment: NAICS Phase 1 interference model is used with the ON/ON interference pattern with 100% interference loading and fixed interference transmission parameters including PMI, RI and modulation format. The QPSK and 16QAM interference are considered.
· Dynamic FTP interference environment: Typical NAICS Phase 2 assumptions are used with 40% target RU. The interference MCS/RI distribution is provided in Table 2. The interferer PMI is changed on a per-TTI basis.
Table 1. Interference MCS/RI distribution for the Dynamic FTP interference model
	MCS
	Probability

	MCS7(QPSK), RI = 1
	17%
	55%

	MCS15(16QAM), RI = 1
	22%
	

	MCS22(64QAM), RI = 1
	16%
	

	MCS7(QPSK), RI = 2
	11%
	45%

	MCS14(16QAM), RI = 2
	16%
	

	MCS22(64QAM), RI = 2
	18%
	


· TMs and CRS pattern scenarios:

· TM9/TM9 with non-colliding CRS pattern

· TM4/TM4 with colliding CRS pattern
· CSI reporting includes CQI and PMI feedback. Fixed RI = 1 is assumed due to low SINR conditions.
· OLLA algorithm:
· Target PER = 10%
· SNR step down is 1 dB
· Demodulation and CSI reporting methods:
· LMMSE-IRC demodulation, LMMSE-IRC CSI reporting (“LMMSE-IRC, FB IRC + OLLA”);

· Genie-aided R-ML NAICS demodulation, LMMSE-IRC CSI reporting (“R-ML, FB IRC + OLLA”);
· Genie-aided R-ML NAICS demodulation, E-LMMSE-IRC CSI reporting (“R-ML, FB EIRC + OLLA”);

· Genie-aided R-ML NAICS demodulation, Clean CSI reporting (“R-ML, FB Clean + OLLA”).
In Figures 2 - 5 we illustrate the linl-level simulation results for the fixed interference conditions and TM9/TM9, TM4/TM4 scenarios with high power interference profile and QPSK/16QAM interference modulation formats. The results show that NAICS performance does not depend on the method of CSI reporting processing in case OLLA algorithm is applied and all approaches reach target PER performance and almost same throughput performance.
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	Figure 2. PDSCH throughput. TM9/TM9 scenario. 
Non Colliding CRS. High INR. Fixed QPSK interference.
	Figure 3. PDSCH throughput. TM9/TM9 scenario. 
Non Colliding CRS. High INR. Fixed 16QAM interference.
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	Figure 4. PDSCH throughput. TM4/TM4 scenario. 
Colliding CRS. High INR. Fixed QPSK interference.
	Figure 5. PDSCH throughput. TM4/TM4 scenario. 
Colliding CRS. High INR. Fixed 16QAM interference.


In Figures 6 and 7 we provide the simulation results for the Phase 2 dynamic FTP interference conditions for the TM9/TM9 and TM4/TM4 scenarios. Similar to the fixed interference conditions the results show that OLLA successfully compensates the mismatch in the demodulation and CSI reporting assumptions.
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	Figure 6. PDSCH throughput. TM9/TM9 scenario. 
Non Colliding CRS. High INR. Dynamic interference.
	Figure 7. PDSCH throughput. TM4/TM4 scenario. 
Colliding CRS. High INR. Dynamic interference.


Observations:

· Under assumption of using OLLA the performance of the LMMSE-IRC based and NAICS-based CSI reporting methods for NAICS receivers is almost the same in the investigated fixed and dynamic interference conditions.
4. Conclusions

In this contribution we have shared our views on different NAICS CSI reporting framework aspects. In summary we make the following general observations:

Observations:

· The availability of the interference PDSCH parameters measurements for the NAICS based CSI reporting cannot be guaranteed.

· Under assumption of using OLLA the performance of the LMMSE-IRC based and NAICS-based CSI reporting methods for NAICS receivers is almost the same in the investigated fixed and dynamic interference conditions.

Based on these observations, we think that LMMSE-IRC based CSI reporting with eNodeB side OLLA is the most viable approach to capture the NAIC receivers gains in the Rel-12 scope.
Proposal #1: LMMSE-IRC based CSI reporting with eNodeB side OLLA is used to capture NAICS receivers gains in Rel-12 scope.
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Annex – Simulation assumptions
Table 2. Simulation assumptions

	Parameter
	Value

	Channel
	EPA-5Hz

	System bandwidth
	3 MHz (15 PRB pairs)

	Number of interference BS
	2

	Cell ID
	Serving cell: 0
Colliding CRS: Interferer cell #1 - 6, Interferer cell #2 - 1
Non-Colliding CRS: Interferer cell #1 - 2, Interferer cell #2 - 1

	Antenna configuration
	2x2, low correlation

	HARQ modelling
	Maximum 1 HARQ retransmission

	Interference scenario
	High INR: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

	Useful signal transmission parameters
	15 PRB resource allocation

Wideband PMI, Follow PMI, Follow CQI + OLLA

	Interference signal transmission parameters
	Fixed and Dynamic interference environments

15 PRB resource allocation

Wideband random PMI per TTI

	CSI-RS 
	Interference cells CSI-RS do not collide with the serving cell data

	PDCCH/PCFICH
	CFI=2 for both serving and interference cells

PDCCH/PCFICH decoding impacts are not taken into account

	Receiver structures
	LMMSE-IRC

Genie-aided R-ML

	OLLA
	Target PER = 10%; 1dB SNR step down 

	NAICS parameters

	Dominant interferer selection
	CRS RSRP based for both PDSCH and CRS-IC

	PDSCH CRS-IC
	1 interference cell

	PDSCH IS/IC 
	1 interference cell with up to 3 layer (serving + interference)
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