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Introduction
RAN 4 has started the discussion on the performance requirements for NAICS. 
Performance requirements include both demodulation and CSI reporting. The CSI behaviour is not clear in the context of NAICS. This is discussed in this document.
RAN 1 in meeting minute in R1-144335 [1] has concluded the following:
· 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

RAN 4 is hence tasked to discuss the testability of the CSI in the context of NAICS.
Background
Document [2] provided an overview of the aspects that RAN 4 has to discuss when addressing CQI reporting under NAICS.
RAN 4 is now tasked to study the testability of a CSI computation which takes into account the NAICS gains. In the rest of the contribution this is called POST-NAICS, as opposed to PRE-NAICS–based CSI computation. Both are  defined in the following:
POST-NAICS: demodulation is done by using NAICS receiver, and CQI does take into account the NAICS gains.
PRE-NAICS: demodulation is done using NAICS receiver, CQI does not take into account the NAICS gains (IRC based).
These are compared with IRC based results for which both demodulation and CQI reporting is done based on IRC  receiver.
System level simulations
In this section we provide system level simulations for the conditions in Table 1. In the figure we compare POST-NAICS, PRE-NAICS and IRC solution. The OLLA for IRC and per NAICS is optimized as follows:
CQIOLLA(n) = CQIREPORTED + IO + (n)
Where an initial offset ‘IO’ is added in order to control how aggressive the OLLA works. The parameter ‘(n)’ represents the step of adjustment used in the OLLA.
The parameter IO=0 for post-NAICS CQI reporting. The reason is that according to the current definition the eNodeB can not assume any particular behavior in terms of CQI computation when the SC PDSCH intended for the UE under test  is not present, it is not clear whether the CQI is conservative or optimistic, and it is not guaranteed that different UEs will report the CQI according to the same strategy.  In this results the CQI is computed in the following way:
POST NAICS: the noise variance estimation is computed by using the data after performing NAICS (i.e. taking into account the exact residual noise variance). When SC PDSCH intended for the UE under test is not present the last available CQI value is reported. This strategy of course breaks the RAN 1 definition, but it used as an example of possible UE behavior.  Note that this methodology affects more or less the performance depending on the CQI reporting periodicity. The simulation results provided here show the results for 5ms CQI reporting periodicity which is one of the smallest value).  In addition performance results for 20ms and 40ms periodicity are also shown. Note also that wideband PDSCH is scheduled to the UE and interference parameters are assumed perfectly known.    
Figure 1-3 show the mean user throughput and 5th percentile user throughput. 
The figures show that the mean user throughput performance is highly decreased for post NAICS CQI compared to pre NAICS and IRC for low load case, approx. 14-20% wrt IRC and 18-23% wrt pre-NAICS; in high load case post NAICS provides slightly higher throughput compared to pre NAICS and IRC, approx. 5% for 5ms periodicity. The improvement is marginal for 20ms CQI periodicity. For 40ms periodicity post NAICS CQI does not provide any improvement, it loses performance compared to Pre NAICS CQI until 70Mpbs/sqkm. 5th percentile performance is highly degraded compared to pre NAICS for low load, approx. 42% while providing the same performance as pre NAICS for high load. 
Considering those results we conclude that post NAICS CQI creates serious capacity problems in the network for low/medium load while providing very limited capacity gains in limited conditions only. This problem needs to be solved before moving on defining tests for CQI reporting.
Considering the analysis in this paper it seems that pre NAICS CQI can avoid the capacity problem at low lead and still provide good throughput performance at high load. It is proposed to assume pre NAICS as working assumptions.
Observation 1: post NAICS CQI creates serious capacity problems in the network for low/medium load while providing very limited capacity gains in limited conditions only.
Proposal 1: Before assuming post NAICS CQI as feasible in RAN 4 the UE behavior should be specified for all the cases highlighted in [2] and the capacity issue should be analyzed. 
Proposal 2: Considering the analysis in this paper it seems that pre NAICS CQI can avoid the capacity problem at low lead and still provide good throughput performance at high load. It is proposed to assume pre NAICS as working assumptions.

Table 1. Simulation set up
	Parameter
	Value

	NAICS scenario
	Scenario 1 (i.e. macro cell only)

	Antenna configuration
	2x2

	BW
	10MHz

	Cell  configuration
	Colliding CRS

	Tx Mode
	TM4

	Naics receiver 
	SLIC

	# of interferer to cancel 
	N=1  interferers are suppressed/cancelled by SLIC

	CSI reporting scheme
	preNAICS CQI, postNAICS CQI

	CSI reporting periodicity
	5 ms, 20ms, 40ms

	Interference measurement
	Pre Naics CQI:  on CRS REs
Post NAICS CQI:  on data REs

	Cell selection
	3 dB, RSRP based cell selection 

	Channel and interference estimation
	practical  

	Scheduling
	Proportional fair in time (PFT)

	File size for ftp download
	100kbytes

	OLLA CQI adjustment
	NACK: ~0.2dB
ACK:   ~0.02dB
Start value :  
1. 0dB for  SLIC with postNAICS CQI
2. Optimized for SLIC with preNAICS CQI
3. Optimized for IRC
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Figure 1: Mean user throughput and 5th percentile, 5ms.
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Figure 2: Mean user throughput and 5th percentile, 20ms.
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Figure 3: Mean user throughput and 5th percentile, 40ms.
Conclusions
In this paper we have discussed the CQI reporting under NAICS. The following is provided:
Observation 1: post NAICS CQI creates serious capacity problems in the network for low/medium load while providing very limited capacity gains in limited conditions only.
Proposal 1: Before assuming post NAICS CQI as feasible in RAN 4 the UE behavior should be specified for all the cases highlighted in [2] and the capacity issue should be analyzed. 
Proposal 2: Considering the analysis in this paper it seems that pre NAICS CQI can avoid the capacity problem at low lead and still provide good throughput performance at high load. It is proposed to assume pre NAICS as working assumptions.
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