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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

This paper discusses the UE behavior in terms of CQI reporting and potential tests for CSI.
Background
Document [2] provided an overview of the aspects that RAN 4 has to discuss when addressing CQI reporting under NAICS. Document [3] provides system level simulations comparing post NAICS, pre NAICS and IRC performance. 
RAN 4 is tasked to discuss the testability of the CSI in the context of NAICS by assuming the current CQI definition. Testability of post-NAICS CSI means that 
Principle 1: The UE shall follow the CQI definition by fulfilling the BLER constraint, currently the CQI definition assumes that the UE always takes NAICS gains into account while respecting the BLER constraint.
Principle 2: the UE behavior when computing CSI shall be consistent independently from the PDSCH scheduling characteristics, i.e. the UE should always satisfy the same definition independently of whether SC PDSCH is present and intended for the UE under test, SC PDSCH is present but intended for a different UE or SC PDSCH is not present. 
In order for a CQI test to be feasible these two principles have to be satisfied. Otherwise RAN 4 has to inform RAN 1 that CQI test is not feasible.
Proposal 1: Two principles need to be ensured when considering the UE behavior in terms of CQI:
· Principle 1: The UE shall follow the CQI definition by fulfilling the BLER constraint, currently the CQI definition assumes that the UE always takes NAICS gains into account while respecting the BLER constraint.
· Principle 2: the UE behavior when computing CSI shall be consistent independently from the PDSCH scheduling characteristics, i.e. the UE should always satisfy the same definition independently of whether SC PDSCH is present and intended for the UE under test, SC PDSCH is present but intended for a different UE or SC PDSCH is not present. 
Proposal 2: If those principles can not be guaranteed RAN 4 has to inform RAN 1 that CQI test is not feasible with the current CQI definition.

Depending on whether the UE is in transmission mode 1-8 or 9 or 10 the resources to compute the CQI differs as indicated in 36.213, moreover several reporting configurations are possible. Under NAICS this is still valid, but since there is a strong dependency on interfering PDSCH characteristics it is not clear how to take NAICS gain into account when computing CQI. The interfering PDSCH characteristics can be estimated by the UE as done for demodulation, but this requires the UE to be scheduled; this allows the UE to use sufficient amount of RBs to accurately estimate the above mentioned characteristics. 
In addition when discussing demodulation it seemed a clear understanding that NAICS feature is characterized by PDSCH-IC and CRS-IC.  It should be noted that it is not even clear the UE behavior in terms of CQI in presence of CRS-IC.
Table 1 summarizes some high level cases and it highlights whether principle 1 and 2 could be satisfied with post NAICS CQI are highlighted.
Here post NAICS CQI means that the UE takes into account PDSCH and CRS IC cancellation efficiency. In the following we consider wideband CQI reporting. 
In the rest of the paper we consider that the UE under test is user ‘0’, called UE0 and other users are called UEk, hence Serving Cell (SC) PDSCH UE0 means that the SC PDSCH is intended for the user under test and  SC PDSCH UEk means that the SC PDSCH is intended for a different user. 
Table 1. Summary of cases for NAICS CQI 
	Case No.
	SC PDSCH UE0
	SC PDSCH UEk
	Feasibility of NC parameters estimation
	Observations

	1
	Wideband allocation 
	None
	YES as for demodulation
	Noise estimation can be modified to take into account the PDSCH and CRS cancellation efficiency  NAICS gains can be included into the CQI computation. Principle 1 and 2 are satisfied.

	2
	Allocated only over part of the bandwidth 
	Allocated to the rest of the bandwidth
	YES for the portion of the bandwidth where PDSCH is present, NO for the rest of the bandwidth where the UE would need to differentiate between SC PDSCH and NC PDSCH.
	Noise estimation can take into account the PDSCH cancellation efficiency ONLY on a portion of the bandwidth. For the rest of the bandwidth only CRS cancellaition efficiency can be taken into account. The wideband CQI possibly underestimated and BLER target possibly not satisfied  NAICS gains can NOT be included into the CQI computation. Principle 1 and 2 are not satisfied.

	3
	NONE
	Allocated over the entire bandwidth
	NO, the UE would need to differentiate between SC PDSCH and NC PDSCH
	Noise estimation can not be modified to take into account the PDSCH cancellation efficiency. The UE could take into account CRS cancellation efficiency if needed.  NAICS gains can NOT be included into the CQI computation. Only CRS-IC gains could be included. Principle 1 and 2 are not satisfied. 

	4
	NONE
	NONE
	The UE could estimate NC interference under the condition that the UE knows that there is no SC PDSCH for UEk 

	Noise estimation can be modified to take into account the PDSCH cancellation efficiency. The UE can  take into account CRS cancellation efficiency if needed. The UE first needs to detect whether SC UEk PDSCH is present or not.  IF the above is not POSSIBLE  NAICS gains can NOT  be included into the CQI computation. Principle 1 and 2 could NOT be satisfied.




From the table above it seems clear that NAICS gains can be included only in very limited scenarios, i.e. when SC PDSCH UE0 is allocated over the entire bandwidth (PDSCH allocated only to the user of interest).  In all the other cases Principle 1 and Principle 2 are not satisfied. In particular in case 4 when no SC PDSCH UEk is present the UE could ideally blindly estimate the NC characteristics, but it is questionable whether it is possible to detect that no SC PDSCH UEk is present. In the following it is considered that this is not possible. UE vendors may confirm this point.
Table 1 highlights some mismatched conditions where the UE behavior is unspecified. This would lead to unexpected/unreliable CQI feedback which might increase the convergence rate of the outer loop link adaptation with consequences on the throughput. Furthermore this would lead to potential larger variability in the CQI report which might make the CQI testability infeasible.
Proposal 3: The cases highlighted in table 1 should be discussed and the UE behavior should be clarified for each case.

Detailed UE behavior in terms of CQI reporting
In table 1 high level conditions have been considered and the discussion was focused only on post NAICS CQI. However several possible UE behaviors are possible:
PRE NAICS: UE computes the CQI as for the legacy LMME-IRC without taking into account any PDSCH or CRS IC. The UE computes the CQI based on CRSs or CSI-RS when configured. The performance with a pre-NAICS CQI can be optimized as shown in [3]. 
PARTIAL POST NAICS: the UE computes the CQI without taking into account PDSCH-IC but including the gains due to CRS-IC. The UE computes the CQI only based on CRSs or CSI-RS when configured. The performance with a partial post NAICS CQI could also be optimized (optimization not taken into account here).
POST NAICS: the UE computes the CQI by taking into account PDSCH-IC and including the gains due to CRS-IC. The UE can compute the CQI by taking into account the data. The performance with a post-NAICS CQI can not be optimized without a specific/well defined UE behavior. 
In table 2 we differentiate between high/low load for the neighbor cell (‘NC PDCH’) and between high and low load for the serving cell (SC PDSCH) and in case of high load we differentiate whether  the PDSCH is intended for user ‘0’ (user under test) or user ‘k’ (any other user). Note that in case of no load in NC the MMSE-IRC with CRS-IC will give optimal CQI, and in case of partial load in NC the resulting CQI will be a combination of fully loaded and no load CQI. In the table we also differentiate between colliding and non colliding CRSs for CRS TMs.
Table 3 provides the same information for DM-RS TMs. 
Table 2: summary of the conditions for CRS based TMs
	Network planning
	NC PDSCH
	SC PDSCH UE0 load
	SC PDSCH UEk load
	Pre NAICS CQI (OLLA not optimized)
	Pre NAICS CQI (OLLA optimized)
	Partial Post NAICS(i)
	Post NAICS
	Comments

	Colliding
	High load
	High load
	NONE
	Sub-optimal, CQI is underestimated
	Slightly sub-optimal
	Sub-optimal, CQI can be overestimated

	Optimal
	Small difference at system level between pre optimized and post

	
	
	NONE
	High load
	
	
	
	Not feasible
	Not clear how to differentiate between SC PDSCH UEk and NC PDSCH. 

	
	
	
	NONE
	
	
	
	Not possible
	Not clear how to detect that SC PDSCH UEk is not present.

	
	NONE
	High load
	NONE
	Highly sub-optimal, CQI underestimated
	Slightly sub-optimal
	Optimal
	Not needed
	There is not interference to cancel. In case of post NAICS CQI detection errors might be introduced

	
	
	NONE
	High load
	
	
	
	Not feasible
	Not clear how to detect that NC PDSCH is not present.

	
	
	NONE
	NONE
	
	
	
	Not needed
	There is no interference to cancel, no SC PDSCH UEk. The UE can detect that there is no interference. For post NAICS CQI detection errors might be introduced

	Non colliding
	High load
	High load
	NONE
	Slightly sub-optimal. CQI is slightly underestimated
	Slightly sub-optimal
	Slightly Sub-optimal. CQI is slightly underestimated
	Optimal
	Difference between pre partial post and post NAICS is minor

	
	
	NONE
	High load
	
	
	
	Not feasible
	Not clear how to differentiate between SC PDSCH UEk and NC PDSCH.

	
	
	
	NONE
	
	
	
	Not possible
	Not clear how to detect that SC PDSCH UEk is not present.

	
	NONE
	High load
	NONE
	Slightly sub-optimal, the CQI can be overestimated.
	Slightly sub-optimal
	Optimal
	Not needed
	There is not interference to cancel. In case of post NAICS CQI detection errors might be introduced

	
	
	NONE
	High load
	
	
	
	Not feasible
	Not clear how to differentiate between SC PDSCH UEk and NC PDSCH.

	
	
	
	NONE
	
	
	
	Not needed
	There is no interference to cancel, no SC PDSCH UEk. The UE can detect that there is no interference. For post NAICS CQI detection errors might be introduced.




In the table the partial post NAICS performance could be also optimized. 
For DM-RS based transmission modes Table 3 can be considered:  
Table 3: summary of the conditions for DM-RS based TMs, CQI based on CSI-RS
	Network planning
	NC PDSCH
	SC PDSCH UE0 load
	SC PDSCH UEk load
	Pre NAICS CQI (OLLA not optimized)
	Pre NAICS CQI (OLLA optimized)
	Partial Post NAICS
	Post NAICS
	Comments

	Colliding/non colliding
	High load
	High load
	NONE
	Sub-optimal, CQI is underestimated
	Slightly sub-optimal
	Sub-optimal, CQI can be underestimated 
	Optimal
	Small difference at system level between pre optimized and post

	
	
	NONE
	High load
	
	
	
	Not feasible
	Not clear how to differentiate between SC PDSCH UEk and NC PDSCH. 

	
	
	
	NONE
	
	
	
	Not possible
	Not clear how to detect that SC PDSCH UEk is not present.

	
	NONE
	High load
	NONE
	Slightly sub-optimal
	Slightly sub-optimal
	Optimal
	Not needed
	There is not interference to cancel. In case of post NAICS CQI detection errors might be introduced

	
	
	NONE
	High load
	
	
	
	Not feasible
	Not clear how to detect that NC PDSCH is not present.

	
	
	NONE
	NONE
	
	
	
	Not needed
	There is no interference to cancel, no SC PDSCH UEk. The UE can detect that there is no interference. For post NAICS CQI detection errors might be introduced.




By considering this table we draw the following conclusion:
Among the four methods considered optimized Pre-NAICS and Partial-Post NAICS CQI reporting can be considered as candidates which might lead to slight degradation of the performance in certain scenarios but they are considered as feasible in all cases with reasonable complexity and CQI reporting can be done in a consistent manner for all the UEs in all the scenarios. Post NAICS behavior is considered as hardly feasible in many scenarios of interest, and it can be considered as a candidate only if all the cases mentioned in tables 1-3 and discussed and solutions are found. 
Proposal 4:  Among the four methods considered optimized Pre-NAICS and Partial-Post NAICS CQI reporting are considered as feasible in all cases and CQI reporting can be done in a consistent manner for all the UEs in all the scenarios. Post NAICS behavior is considered as hardly feasible in many scenarios of interest it can be considered as a candidate only if all the cases mentioned in tables 1-3 are discussed and solutions are found. The use of pre NAICS or Partial-Post NAICS might require modification of the CQI definition.
Conclusions
Proposal 1: Two principles need to be ensured when considering the UE behavior in terms of CQI:
· Principle 1: The UE shall follow the CQI definition by fulfilling the BLER constraint, currently the CQI definition assumes that the UE always takes NAICS gains into account while respecting the BLER constraint.
· Principle 2: the UE behavior when computing CSI shall be consistent independently from the PDSCH scheduling characteristics, i.e. the UE should always satisfy the same definition independently of whether SC PDSCH is present and intended for the UE under test, SC PDSCH is present but intended for a different UE or SC PDSCH is not present. 
Proposal 2: If those principles can not be guaranteed RAN 4 has to inform RAN 1 that CQI test is not feasible with the current CQI definition.
Proposal 3: The cases highlighted in table 1 should be discussed and the UE behavior should be clarified for each case.
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