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1 Introduction

The core part of NAICS WI is completed and the performance phase of the work item has started in RAN 4 #62bis. RAN 4 in general defines both demodulation requirements and CSI requirements. The CSI behavious is not clear in the context of NAICS. This is discussed in this document. 
2 NAICS CSI tests 
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
The generic definition in RAN 1 in 36.213, [2] states that:
Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition or CQI index 0 if CQI index 1 does not satisfy the condition:

· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1. 

…
The agreement in RAN 1 does not explicitly indicate how the CSI would work, nor on which REs the UE shall compute the channel and interference measurements. RAN 1 discussed many solutions but there was no consensus on a specific methodology to follow. 
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 whichare both 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).

Testability of post-NAICS CSI means that 

-the UE shall compute the CSI respecting the generic definition in RAN 1 and this should be verified

-the UE behavior when computing CSI shall be well defined and consistent independently from the PDSCH scheduling characteristics.

-The UE shall take NAICS gains into account and this shall be tested, i.e. the throughput obtained when post NAICS CSI is feedback shall be better than the pre-NAICS based CSI by a specified threshold.

Before discussing how to test the CQI in the context of NAICS, we belive that the UE behavior should be clarified.
2.1 CQI computation

Depending on the TMs the CQI is computed in different ways.

Depending on whether the UE is in transmission mode 1-8 or 9 or 10 the resources to compute the CQI differs, e.g. for TM1-8 and TM9 when pmi-RI-Report is not configured, CQI is based on CRSs, for TM9 when pmi-RI-Report is configured the UE shall use CSI-RS and in TM10 the UE shall use NZP CSI-RS and CSI-IM resources for channel measurements and interference measurements respectively.
The CQI can be configured to be wiedeband, or sub-band, and depending on that the UE uses all or part of the RSs to compute the CQI. Under NAICS this is still valid, however how does the UE take into account NAICS gains in the CQI computation?

The NAICS gain strongly depend on the serving cell signal characteristics (rank, modulation, TM) and even more on the interfering signal characteristics such as modulation, rank, power and number of interferers. If the UE knows exactly the interfering characteristics it could possibly map this information into a NAICS gain (the granularity of this mapping might become rapidly very complex), and find the best serving cell characteristics such that the BLER condition is respected. If the serving cell PDSCH is scheduled when the UE is required to feedback CQI, the UE could use the blind detection process to estimate the interferer characteristics and compute the NAICS gain mentioned above. It seems clear that the UE should always fulfill the post NAICS CQI definition and hence it should be able to report CQI in a consistent manner, i.e. taking into account NAICS gains, independently on whether it is being scheduled or not.  However, in case the serving cell PDSCH is not scheduled the UE would need to perform blind detection of the current interfering signal based on few resource elements only. Considering that the interference conditions can change on a per subframe/per PRB pair granularity, the UE would be requested to perform blind detection based on 8 or 4 REs per port depending on the antenna port.  Several companies showed that 1 PRB pair was the minimum granularity in order to be able to perform proper blind detection, hence it seems clear that blind detection based only on few RSs when PDSCH is not scheduled is hardly feasible. Furthermore, in certain situations e.g. when colliding CRSs occurs the interference estimation would lead to wrong NAICS gain mapping.

If the UE reports a post NAICS CQI, a mismatch situation would occur also when the UE is scheduled only on certain PRB-pairs while not in others (e.g. in a sub-band). In fact, for example a wideband CQI would correspond to a mixture of NAICS gain/no NAICS gains. 
This would lead to unexpected/unreliable CQI feedback which might increase the convergence rate of the outer loop link adapatation with consequencies on the throughput. Furthermore this would lead to potential larger variability in the CQI report which might make the CQI testability infeasible.

To summarize we have the following observations: 

Observation 1: the UE should always fulfill the CQI definition and report CQI in a consistent manner; if we consider the current definition, the CQI computation should take into account NAICS gains, independently on whether the UE is being scheduled or not.
Observation 2: The blind detection based only on RSs/per PRB –pair basis when PDSCH is not scheduled is hardly feasible.
Observation 3: If the UE reports CQI including NAICS gains only when it is scheduled then

· The UE would report inconsistent CQI

· It does not fulfill always the definition,

· There might be mismatched situations when the CQI is based on a larger bandwidth than the PDSCH scheduling.
· The convergence rate of the OLLA might be affected and the CQI variability might increase which could make the CQI testability infeasible.

In addition to this the following section provides simulation results which compare the system level performance of a POST-NAICS and PRE-NAICS CQI reporting method.
2.2 System level simulations

In this section we provide the simulation results to compare POST-NAICS and  PRE-NAICS computations. Also we show the results with an optimization of the OLLA for the pre-NAICS method.

Table 1 shows the parameters used for the simulation, and Figure 1 shows the corresponding mean user throught and 5th percentile user throughput. 
The figure shows that indeed post NAICS CQI achieve better performance than pre NAICS CQI if no optimizations are considered for the OLLA. If the OLLA is optimized the pre NAICS CQI achieve better mean user throughput performance than post NAICS CQI while being very close to the post NAICS for the 5th percentile user throughput.
Considering the discussion in the previous section and the difficulties to find a suitable UE behavior to compute the CQI and considering that an optimization of the OLLA together with pre-NAICS CQI could provide similar gains as post-NAICS CQI with less problems, the following is proposed.

Proposal 1: Consider the pre-NAICS CQI computation in order to have a proper and consistent UE behavior.

It should be noted that the use of a post NAICS CQI may lead to lengthy discussions on the methodology to define new tests which might delay the completion of the performance part.
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
	Reporting pre or post NAICS CQIs 

	CSI reporting periodicity
	20ms

	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
	Independent OLLA loop for each CQI scheme
NACK: ~0.2dB
ACK:   ~0.02dB
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Figure 1. Mean user bit rate and 5th percentile user bit rate for pre and post NAICS CQI reporting, 20ms. Pre-NAICS is shown with and without OLLA optimization.

2.3 CQI definition

If pre-NAICS CQI is considered, the current CQi definition should be modified by RAN 1. The following is proposed:

Proposal 2: Liase back to RAN 1 to ask for modification of the CQI definition.
The definition process in RAN 1 could be long which could delay the completion of the feature also in terms of performance. In order to speed up this process we provide here a potential CQI definition which could be used as guideline for RAN 1. In particular, an additional paragraph could be introduced in the specifications to clarify which assumption the UE should make in terms of interference computation.

As an example one could consider indicating the following:

For a UE in transmission modes 1-9, the UE shall derive the interference measurements for computing the CQI value reported in uplink subframe n based on only the serving cell CRS REs assuming that the interference is of unspecified origin with possibly no relation to other transmitted signals. 
The paragraph above indicates that the UE should estimate the interference level without any specific assumptions in terms of e.g. modulation, rank, TM etc.. for the interferer.

RAN 4 will need to introduce tests which verify that the UE reports pre-NAICS CQI in a consistent manner. Details of the test set up could be discussed after RAN 1 modifies the definition.
Proposal 3: Provide guidelines to RAN 1 on the potential CQI definition to speed up the process, i.e.
“For a UE in transmission modes 1-9, the UE shall derive the interference measurements for computing the CQI value reported in uplink subframe n based on only the serving cell CRS REs assuming that the interference is of unspecified origin with possibly no relation to other transmitted signals”.
3 Conclusions
In this paper we have discussed issues related to post-NAICS CQI computation and its testability. Simulation results have also been provided.

The following observations have been made:

Observation 1: the UE should always fulfill the CQI definition and report CQI in a consistent manner; if we consider the current definition, the CQI computation should take into account NAICS gains, independently on whether the UE is being scheduled or not.
Observation 2: The blind detection based only on RSs/per PRB –pair basis when PDSCH is not scheduled is hardly feasible.
Observation 3: If the UE reports CQI including NAICS gains only when it is scheduled then

· The UE would report inconsistent CQI

· It does not fulfill always the definition,

· There might be mismatched situations when the CQI is based on a larger bandwidth than the PDSCH scheduling.

· The convergence rate of the OLLA might be affected and the CQI variability might increase which could make the CQI testability infeasible.

The following proposals:

Proposal 1: Consider the pre-NAICS CQI computation in order to have a proper and consistent UE behavior.

Proposal 2: Liase back to RAN 1 to ask for modification of the CQI definition.
Proposal 3: Provide guidelines to RAN 1 on the potential CQI definition to speed up the process, i.e.

“For a UE in transmission modes 1-9, the UE shall derive the interference measurements for computing the CQI value reported in uplink subframe n based on only the serving cell CRS REs assuming that the interference is of unspecified origin with possibly no relation to other transmitted signals”.
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