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1. Introduction & Background
The new work item [1] for NAICS was approved for Release 12 in RAN #63 meeting, one objective is described as

· (RAN1) Investigate CSI enhancements for NAICS receivers; if necessary specify the identified enhancements
In RAN1 #76bis meeting, following CSI feedback options for Rel-12 NAICS receivers are listed for further study.

· Option 1: A single CSI feedback for NAICS

· Option 1-1: CSI is derived after canceling/suppressing interference

· Cancelation/suppression is assumed to use Rel-12 NAICS functionality, including interference channel estimation
· CSI calculation can be derived based on CRS, IMR, CSI-RS, and PDSCH
· Option 1-2: CSI is derived after canceling/suppressing interference

· Cancelation/suppression is assumed to use Rel-12 NAICS functionality, including interference channel estimation and blind detection

· CSI calculation can be derived based on CRS, IMR, CSI-RS, and PDSCH

· Option 1-3: CSI is derived without considering  Rel-12 NAICS functionality (e.g. CSI after MMSE-IRC)

· Option 2: Multiple CSI feedback for NAICS

· Each CSI is derived based on different interference hypothesis

· 
Ex ) CSI1 is derived after canceling/suppressing interference. CSI2 is derived after MMSE-IRC
This contribution gives some initial considerations on CSI feedback for NAICS receivers.
2. General view
Through the study item for NAICS, we know that NAICS receivers (E-LMMSE-IRC/SL-IC/R-ML/CWIC) can achieve noticeable performance gain over R11 LMMSE-IRC receiver in most scenarios [2]. Our phase 1 link level simulation results are showed in Figure 1 and Figure 2 for example. We consider the fixed ON/OFF pattern and evaluate the performance of channel estimation with CRS-IC and without CRS-IC respectively. From the simulation results, we can observer that NAICS receivers potentially improve SINR greatly for cell-edge UEs and even larger throughput gain can be achieved with CRS-IC. Note that when on, the interferer is assumed to be fully loaded and when off, the interferer is assumed to transmit CRS.
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Figure 1: Throughput of NAICS receivers with CRS-IC (ON/ON pattern)
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Figure 2: Throughput of NAICS receivers w/o CRS-IC (ON/ON pattern)
Considering the large discrepancy between predicted CQI and actual MCS, it looks reasonable to consider NAICS receiver gain in CQI calculation, otherwise either the CQI is much underestimated or the eNB have to compensate the CQI mismatch, which may be not accurate because the CQI mismatch heavily depends on UE implementation. 

Moreover, current RAN4 mechanism already incorporate NAICS gain in the CQI calculation, i.e., testing the BLER of medium CQI with +/-1 value would naturally include NAICS gain in CQI feedback. This means option 1-1 and 1-2 is naturally selected based on current RAN4 mechanisms. On that sense RAN4 testing procedure may have incorporated NAICS gain, and the necessity of RAN1 spec change may be further studied.

Based on the above observation, option 1-1 and 1-2 are supported by current RAN4 testing procedure. Selection of option 1-1 and 1-2 would depend on exact RAN4 testing method for NAICS. Current RAN4 testing method is based on white OFDM symbols. If option 1-1 is selected, it would require DMRS/CRS transmission from neighbor cell in RAN4 testing. If option 1-2 is selected, it would require DMRS/CRS transmission and emulation of modulation order from neighbor cell in RAN4 testing.

Considering effort in RAN4 testing, option 1-1 is slightly preferred. Option 1-1 may slightly underestimate CQI compared with option 1-2 but may be more robust considering fluctuating interference conditions.

Overall we make proposals and observations as follows:

Proposal 1. CQI feedback may take NAICS receiver gain into account.

Observation 1. Current RAN4 test mechanism may have incorporated NAICS gain in CQI calculation. It can be further studied if there is any necessary RAN1 impact.
Observation 2. Current RAN4 testing mechanism naturally supports option 1-1 and 1-2, which option is adopted would depend on exact RAN4 testing method.

Proposal 2.  Option 1-1 is adopted from RAN4 testing complexity perspective, which requires only transmission of DMRS/CRS from neighbor cell during testing.
3. Discussion on optimization points
Because NAICS receiver gain greatly depends on interference condition, the UE would need to estimate interference channel to incorporate NAICS gain in CQI feedback. It should be noted that in real network, the interference can be either CRS-based or DMRS-based, therefore it is preferred that interference channel estimation consider both DMRS-based and CRS-based TMs in RAN4 test cases.
For DMRS-based interference, it is relatively easy to estimate interference channel because PDSCH is transmitted together with DMRS, and DMRS may be easily detected for NAICS UEs. For CRS-based interference, it is more difficult to estimate PDSCH interference because PDSCH may or may not be transmitted together with CRS. The estimation of CRS-based interference may need more RAN4 study, however from operator perspective this is also an essential part to realize NAICS gain because CRS-based interference exist in real network.
In summary we propose:

Proposal 3. Interference channel estimation should consider both DMRS-based and CRS-based TMs in RAN4 test cases.
Another discussion topic is the TM in serving cell. In one cell the UEs may be operated in different TMs, both CRS-based and DMRS-based TMs are possible. For cell-edge UE, which are in NAICS applicable environment, it is more likely operated in DMRS-based TM (TM 7/8/9/10) to leverage beamforming gain, of course there is no preclusion of using CRS based TMs for cell-edge UEs such as TM2. As discussed in companion paper [3], 2 CRS antenna ports may be the prioritized in R12, considering the blind detection complexity for 4 CRS antenna ports.
It should be noted that interference estimation mechanism is different between TM10 and TM7/8/9, which are based on IMR and CRS, respectively. Solutions for TM10 may be simpler because of the more flexible interference measurement mechanism. On the other hand, TM7/8/9 still exists in a relatively long duration together with TM10, so solutions for TM 7/8/9 are still necessary. 

Therefore we propose: 
Proposal 4. Preferably the NAICS CQI feedback supports TM 1-10 in serving cell.
· Potentially optimize for DMRS-based TMs, namely TM 7/8/9/10.
· TM 7/8/9 are necessary together with solution for TM10.
4. Conclusion
Some initial considerations on CSI enhancement for NAICS receivers are discussed in this contribution, and proposals below are made.
Proposal 1. CQI feedback may take NAICS receiver gain into account.

Observation 1. Current RAN4 test mechanism may have incorporated NAICS gain in CQI calculation. It can be further studied if there is any necessary RAN1 impact
Observation 2. Current RAN4 testing mechanism naturally supports option 1-1 and 1-2, which option is adopted would depend on exact RAN4 testing method.

Proposal 2.  Option 1-1 is adopted from RAN4 testing complexity perspective, which requires only transmission of DMRS/CRS from neighbor cell during testing.
For optimization of RAN4 test cases:

Proposal 3. Interference channel estimation should consider both DMRS-based and CRS-based TMs in RAN4 test cases.
Proposal 4. Preferably the NAICS CQI feedback supports TM 1-10 in serving cell.
· Potentially optimize for DMRS-based TMs, namely TM 7/8/9/10.
· TM 7/8/9 are necessary together with solution for TM10.
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ANNEX
Table 1: Simulation parameters in Scenario-1
	
	Serving cell
	Intf1
	Intf2

	Cell ID
	0
	6 

(Colliding CRS)
	1

(Non-colliding CRS)

	Interference Level (dB)

	SINR=[-3.7:0.5:1.3]
	@20%-tile:3.28 
@50%-tile:7.77

@80%-tile:13.91
	@20%-tile:0.74  
@50%-tile:2.29  
@80%-tile:3.34  

	Transmission Mode
	TM4, rank1

	Channel Configuration
	EPA5

	MCS/RI
	MCS 5: QPSK, Rate 1/3

	Bandwidth
	10MHz, 50RB

	Channel Estimation
	PDP estimation
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