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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. The scope of the performance phase is to define a suitable test plan and the detailed tests in order to ensure that the UE behaves correctly. The WID [1] states the goal for the performance phase. However, before starting to define test cases RAN4 has to define the functionalities and the capabilities
In this contribution we discuss the NAICS capability: the IC capability, the capability to support carrier aggregation and the 4CRS AP capability.
2  4 CRS AP
In previous meetings the possibility to support 4CRS APs was discussed but no agreement was made in RAN 4 on whether to introduce a test case.  Companies raised issues related to complexity mainly. We showed already that complexity may not be the bottleneck [2], however many UE vendors claimed that PMI search becomes too demanding. However, when the solution to reduce the complexity was proposed, i.e. to restrict the PMI set size for 4CRS APs to a reduced cardinality, the same companies did not welcome the proposal neither. It should be noticed that recently other features have been introduced, such as 3DL carriers which requires similar or higher complexity compared to the support of 4CRS APs. It seems clear that, independently from the complexity requested by the support of 4CRS APs, several UE vendors see the support of 4CRS APs problematic in the context of rel-12. 

Observation 1: complexity does not seem to be the issue for many UE vendors, but still several UE vendors see the support of 4CRS APs problematic in the context of rel-12.
It was already mentioned that some operators have invested or will invest in network enhancements such as 4CRS APs. If NAICS is not supported also together with 4CRS APs these operators will be penalized in their network as the gains of 4CRS APs will vanish completely, making their investment less useful.

Considering that in Rel-13 it is not clear whether any NAICS enhancement feature will be introduced, it is important to make sure that 4CRS AP capability is introduced in Rel-12. 
In the last meeting RAN 1 agreed to introduce a separate capability, i.e. feature group 5-2 which will be reported by those UEs who supports 4CRS APs. Hence, the test will be fulfilled only by those UEs who are supporting the additional capability. The test will not be applicable for the UEs who can not support this capability. 
	#
	Components
	
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11 features)
	Need for eNB to know whether the
feature is supported by the UE
(what happens if eNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation
	Note

	5-1
	PDSCH interference handling for 2 CRS APs
	1) PDSCH interference cancellation/suppression for 2CRS APs
2) CRS-IC for 2 CRS APs
	None
	Yes
	Rel-12 NAICS receiver for 2CRS APs not possible
	No need
	RAN4 will discuss if it is per band or common for all bands 
The maximum number of carriers simultaneously supported by NAICS to be decided by RAN4
RAN1 can't reach a consensus and RAN4 may discuss whether a possible signaled value of maximum munber of carriers simultaneously supported by NAICS is CA band combination specific or not

	5-2
	[TBD] PDSCH interference handling for 4 CRS APs
	1) PDSCH interference cancellation/suppression for 4 CRS APs
2) CRS-IC for 4 CRS APs
	5-1
	Yes
	Rel-12 NAICS receiver for 4CRS APs not possible
	No need
	RAN1 has agreed that if RAN4 defines performance requirement for 4 CRS antenna ports, this feature will be introduced.. 
TBD means that RAN4 needs to agree on feasibility and define performance requirements for 4 CRS antenna ports. The current status is that RAN4 will make such a decision during the performance part of the NAICS WI.
Whether or not specify signaling for this feature is up to RAN2


From the UE vendor position, it seems clear that, at least initially in the context of Rel-12, few UE vendors might be capable of supporting NAICS together with 4CRS APs. However, the introduction of this capability as well as corresponding tests allows anyway for potential UE improvements in the future and potential support for 4CRS APs in the context of future releases, while allowing for operators to exploit their investment. 
Here we focus on the test which could be introduced and fulfilled only by UEs supporting this additional feature.

The TM for which 4CRS APs provide most of the gains and which will be typical for 4CRS AP is TM4. The reason is the enhancement of beamforming gains when passing from 2 to 4 antenna ports. Hence, we think that the test should reflect the typical use case, i.e. TM4. 
Table 1 summarizes the details of the test conditions. Note that here we consider the modified phase 1 approach explained in [3] in order to make sure that blind detection is properly done. This is the same as test 5 in [4]. The simulation results are summarized in [5] and are reported here in Figure 1.
Table 1. test conditions for 4CRS APs test
	Geometry level
	RU
	I1/No@
	TM
	CRS AP
	MCS
	RI
	DTX
	PMI
	CRS status

	5-25%
	40%
	80%tile
	[4,4,4]
	[4,4,4]
	[14,random,random], MCS 5 (50%), 14, 25 (25%)
	[1,random,random], 80% RI=1, 20% RI=2
	5%
	Random
	Colliding
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Figure 1. 4 CRS AP, TM4 test, SLIC with blind detection and IRC.

Proposal 1: introduce tests for 4CRS APs in the context of NAICS REl-12 applicable only to those UEs who report the support for feature group 5-2.
Proposal 2: At least the test 5 in [4] should be introduced to guarantee the support of 4CRS APs.
3 
Carrier Aggregation

Carrier aggregation is one of the major features for LTE. Carrier aggregation can be inter-band or intra-band and spanning 2 or more component carriers. In previous meetings RAN 1 discussed the use of NAICS in conjunction with carrier aggregation but at the end no agreement was made.  However, RAN 1 agreements and definition of the signaling as well as the RRC signaling already support carrier aggregation operation, [6,7].
First of all it seems important to enhance not only the primary carrier but also the secondary carrier. In fact NAICS feature could still be helpful in scenarios where carrier aggregation could be configured. NAICS fature has been demontrstaed to provide gains not only in cell edge type of scenarios such as homogeneous or hetereogeneous network, at low SINR range 5-25%, orbut also at 40-60% SINR region. Additionally it will be difficult to implement cross carrier scheduling if NAICS is not available on all the carriers.

Proposal 3: carrier aggregation shall be support together with NAICS.

Clearly, when the UE declares the support of NAICS, it does so for all the bands it supports, independently of the band, i.e. NAICS feature is supported in all the bands.

In the context of carrier aggregation, combinations are not only not intra-band but span different bands, e.g. carrier 1 in band A and carrier 2 in band B. 

Again, considering that NAICS feature is band independent and should be supported also with carrier aggregation, we do not see issues related to the support of inter-band carrier aggregation.

Note that if NAICS feature was to be supported only in specific band or band combinations, this will severly penalize certain operators with the specific band/band combinations which would not be supported by NAICS.

Proposal 4: both intra and inter band carrier aggregation shall be supported with NAICS in a band/band combination independent manner.

Bands and band combinations are in general introduced in the specification in a release independent manner. The support of NAICS together with carrier aggregation does not violate this principle. In fact a rel-12 UE which declares the support of feature group 5-1 or 5-2 will be required to support the feature in all the bands/band combinations it supports (even for bands/band combinations which will be introduced in later releases) but it won’t be required for any UE from earlier releases. It is not required to add NAICS CA tests in the common test table for earlier release reference in TS 36.307.
Proposal 5: The support of NAICS together with carrier aggregation does not violate the release independency principle used to introduce band/band combinations.

Recently RAN 4 has decided to use the methodology of applying single carrier requirement to CA for normal demodulation tests without soft buffer limitation or ACKNACK bundling issue.
This methodology could be applicable to NAICS as well.

Proposal 6: the tests defined under NAICS could be applicable to carrier aggregation by following the same methodology as defined under carrier aggregation performance applying single carrier requirement to CA for normal demodulation tests 
4  CRS-IC and PDSCH-IC

In [6] we introduced already the importance of guaranteeing that the UE is capable of implementing both CRS-IC and PDSCH-IC. In fact both aspects are seen as essential to correctly enhance the gains with respect to a well defined reference receiver. In certain scenarios most of the gains are due to CRS cancellation and in certain scenarios both PDSCH and CRS cancellation is needed. For example in the colliding CRS scenario CRSs do not hit the PDSCH region but cancellation of CRSs might be used to enhance the channel estimation quality, which helps improving the PDSCH cancellation performance. Instead, in case of non colliding CRSs the CRS cancellation is necessary to clean the wanted cell PDSCH. 

In general the PDSCH-IC gain can be shown by e.g. test 1 proposed in [4] with colliding CRSs and TM4 (results are shown in [5] and reported in Figure 2. The figure shows the simulation results when the following set up is considered: TM=[4,4,4], CRS AP=[2,2,2], MCS=[5 , variable variable], RI=[1, variable, variable], DTX =5%, Geometry level: 5-25%n INR@80%, CSI-RS present with 1 configuration, Colliding CRSs. Frequency and timing error. 10MHz, MCS 5 50%, 14 and 25 with 25%, RI1=80%. The figure shows the results for SLIC with CRS-IC and BD, IRC with CRS-IC ad IRC without CRS-IC.

From this figure it is clear that if the UE only implements CRS-IC with IRC the performance will be highly decreased because the interference estimation would not correspond to the real interference situation on PDSCH; PDSCH-IC brings gains on top of the pure IRC receiver thanks to cancellation. It should be noted that the use of CRS-IC with IRC receiver with the scope of enhancing the serving cell channel estimation does not bring large performance benefits compared to the baseline IRC receiver. 
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Figure 2. Simulation results, test 1 in [4].
Proposal 7: Test 1 as poroposed in [4] could be used to guarantee that the UE is implementing PDSCH-IC.
In order to make sure that the UE implements CRS-IC to clean PDSCH region in all subframes a non colliding CRS test is also required. In order to make sure that sufficient gains are achieved for the definition of the requirements the following set up could be considered.

TM=[9,9,9], CRS APs=[2,2,2], 5-25% geometry level; NC load 5%, I1/No@80%tile with CRS non colliding, modified phase 1 with SC MCS=14 and RI=1. MCS 5 with 50% and MCS 14 and 25 with 25% and RI=1 with 80% for NCs.  CSI-RS present with 1 NZP CSI-RS configuration and 3 ZP CSI-RS configurations. Paper [5] summarizes the simulation results. These are reported here for this particular test in figure 3 which shows the throughput results of SLIC with and without CRS-IC  and IRC.  This is the same test as test 6 in [4].
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Figure 3. Simulation results, test 6 in [4].
Proposal 8: Test 6 as poroposed in [4] could be used to guarantee that the UE is implementing CRS-IC.

5 
Conclusions

In this paper we have discussed the capabilities associated to NAICS, in particular the 4CRS APs, Carrier aggregation and the PDSCH-IC and CRS-IC capabilities.
Observation 1: complexity does not seem to be the issue for many UE vendors, but still several UE vendors see the support of 4CRS APs problematic in the context of rel-12.

Proposal 1: introduce tests for 4CRS APs in the context of NAICS REl-12 applicable only to those UEs who report the support for feature group 5-2.

Proposal 2: At least the test 5 in [4] should be introduced to guarantee the support of 4CRS APs.

Proposal 3: carrier aggregation shall be support together with NAICS.

Proposal 4: both intra and inter band carrier aggregation shall be supported with NAICS in a band/band combination independent manner.

Proposal 5: The support of NAICS together with carrier aggregation does not violate the release independency principle used to introduce band/band combinations.

Proposal 6: the tests defined under NAICS could be applicable to carrier aggregation by following the same methodology as defined under carrier aggregation performance applying single carrier requirement to CA for normal demodulation tests. 

Proposal 7: Test 1 as poroposed in [4] could be used to guarantee that the UE is implementing PDSCH-IC.

Proposal 8: Test 6 as poroposed in [4] could be used to guarantee that the UE is implementing CRS-IC.
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