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1
Introduction
The NAICS capability signalling was approved as part of Rel-12 in RAN2#88. However, it may not be entirely clear as to how the signalling should be interpreted, and we discuss that in this contribution. 
2
NAICS Capability Structure 

The Rel-12 NAICS capability is divided to two parts: The per-UE NAICS capability list table, and per band combination indication of which NAICS capabilities are supported for the band combination. The NAICS capability list has the following field description:
	naics-Capability-List
Indicates that UE supports NAICS, i.e. receiving assistance information from serving cell and using it to cancel or suppress interference of neighbouring cell(s) for at least one band combination. If not present, UE does not support NAICS for any band combination. The field numberOfNAICS-CapableCC indicates the maximum number of component carriers where the NAICS processing is supported and the field numberOfAggregatedPRB indicates the maximum aggregated bandwidth across these of component carriers (expressed as a number of PRBs).

· For numberOfNAICS-CapableCC = 1, UE signals one value for numberOfAggregatedPRB from the range {50, 75, 100};

· For numberOfNAICS-CapableCC = 2, UE signals one value for numberOfAggregatedPRB from the range {50, 75, 100, 125, 150, 175, 200}; 

· For numberOfNAICS-CapableCC = 3, UE signals one value for numberOfAggregatedPRB from the range {50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300}; 

· For numberOfNAICS-CapableCC = 4, UE signals one value for numberOfAggregatedPRB from the range {50, 100, 150, 200, 250, 300, 350, 400};

For numberOfNAICS-CapableCC = 5, UE signals one value for numberOfAggregatedPRB from the range {50, 100, 150, 200, 250, 300, 350, 400, 450, 500}.


The per-band combination bitmap then points to this list, to indicate which NAICS combinations are supported for that band combination.

For the sake of this contribution, we consider an example where UE supports the following bands and band combinations:

· Single-carrier operation on Band 3 (i.e. 3A)

· Intra-band contiguous CA on Band 3 with 2 CCs (i.e. 3C)
· UE indicates its NAICS capability list according to Figure 1 below. 
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Figure 1: Example of NAICS capability list
The question we would ask in this contribution is now the following: How would the UE indicate the per – band combination bitmaps in the above case? I.e. how would the UE indicate its NAICS capabilities, and how should the eNB interpret them?
NOTE: The table in Figure 1 is chosen to illustrate the example case, and does not imply all UEs would create such a table.
3
Interpretation of NAICS capabilities
3.1
Does UE indicate subset NAICS configurations? 

The first thing to observe from the table shown in Figure 1 is that the NAICS table in this example contains “superset” and “subset” NAICS combinations: E.g. 2CCs + 200 PRBs implicitly already implies 2CCs + 150 PRBs, 1CC + 100 PRBs and 1 CC + 50 PRBs. 
However, in the NAICS capability signalling, it seems to be allowed that the UE could also indicate the “subset” capabilities. E.g in the above case, UE could indicate its capabilities according to both Figure 2 and Figure 3.
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Figure 2: Alt1: UE explicitly indicates both “superset” and “subset” NAICS capabilities
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Figure 3: Alt2: UE explicitly indicates only the “superset” NAICS capabilities
We would note that according to the field description of the naics-Capability-List, by definition each entry implies the maximum supported NAICS capability:

Indicates that UE supports NAICS, i.e. receiving assistance information from serving cell and using it to cancel or suppress interference of neighbouring cell(s) for at least one band combination. If not present, UE does not support NAICS for any band combination. The field numberOfNAICS-CapableCC indicates the maximum number of component carriers where the NAICS processing is supported and the field numberOfAggregatedPRB indicates the maximum aggregated bandwidth across these of component carriers (expressed as a number of PRBs).

Observation 1: Indicating a “superset” NAICS capability implies UE supports any “subset” NAICS capability. Hence, UE never needs to indicate any “subset” NAICS capabilities if it already indicates a “superset” NAICS capability.

Proposal 1: RAN2 to discuss whether UE should only indicate the “superset” NAICS combinations in the per-band combination NAICS capability signalling.

3.2
Does UE always support NAICS over full bandwidth? 

Another issue to consider is how to interpret a NAICS capability where UE supports NAICS over less than the full carrier bandwidth. For example, should the UE indicate its capabilities as in Figure 4, what exactly does the UE support?
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Figure 4: UE supports NAICS over less than 200 PRBs in a 20+20 carrier configuration

Based on the capability signalling, the following alternatives could be interpreted

Alt.1) UE supports NAICS over 100 PRBs in the first carrier, and 50 PRBs in the second carrier.

Alt.2) UE supports NAICS over 100 PRBs in one carrier, and 50 PRBs in the other carrier.

Alt.3) UE supports NAICS over total aggregated bandwidth of 150 PRBs, regardless of the exact PRB allocation over the carriers.

Alt.4) UE supports NAICS over total aggregated bandwidth of 150 PRBs over the carriers where NAICS is allocated, regardless of the exact PRB allocation over the carriers.

We will then consider then the following three use cases, and illustrate how the different interpretations would behave.
3.2.1
Use case 1: UE is scheduled over 100 PRBs in CC1 and 60 PRBs in CC2. NAICS is configured only over CC1
Possible interpretations according to the three alternatives listed above are:
Alt.1) UE supports NAICS for CC1 since the CC1 BW <= 100 PRBs and NAICS is only configured over CC1.

Alt.2) UE supports NAICS for CC1 (for the same reason as for Alt.1)

Alt.3) UE does not supports NAICS over CC1 since the total aggregated bandwidth is >150 PRBs.

Alt.4) UE supports NAICS for CC1 since the total aggregated NAICS bandwidth is <=150 PRBs.

In our view, the above interpretation of Alt.3 is not correct: Since NAICS is only configured for one CC, it should be supported. However, reading the field description literally, one may interpret that the UE would consider the total aggregated reception bandwidth instead of the total aggregated bandwidth over which NAICS is configured. Therefore, we think this should be clarified.
Proposal 2: RAN2 to verify that NAICS support only considers the configured NAICS bandwidth, not the total aggregated reception bandwidth. (i.e. Alt.4)
3.2.2
Use case 2: UE is scheduled over 100 PRBs in CC1 and 60 PRBs in CC2. NAICS is configured over both CCs
Possible interpretations according to the three alternatives listed above are:

Alt.1) UE supports NAICS over CC1 (since the CC1 BW <= 100 PRBs) but not over CC2 (since the CC2 BW > 50 PRBs)
Alt.2) UE supports NAICS over CC1 (since the CC1 BW <= 100 PRBs) but not over CC2 (since the CC2 BW > 50 PRBs)

Alt.3) UE does not support NAICS for CC1 or CC2 at all with this allocation (since the total aggregated bandwidth is > 150 PRBs)

Alt.4) UE does not support NAICS for CC1 or CC2 at all with this allocation (since the total aggregated NAICS bandwidth is > 150 PRBs)

In this case, since NAICS is configured over both CCs, the Alt.3 seems to be most according to the current specification. However, we have some sympathy for Alt.1 and Alt.2 in this case, so it would make sense to clarify whether Alt.3 is the expected UE behaviour.
Proposal 3: RAN2 to verify whether Alt.4 is the correct interpretation in use case 2.
3.2.3
Use case 1: UE is scheduled over 60 PRBs in CC1 and 90 PRBs in CC2. NAICS is configured over both CCs.
Possible interpretations according to the three alternatives listed above are:

Alt.1) UE supports NAICS over CC1 (since CC1 BW < = 100 PRBs) but not over CC2 (since the CC2 BW > 50 PRBs)

Alt.2) UE supports NAICS either over CC2 or over CC1 (one of the carrier BWs is <= 100 PRBs but the other is > 50 PRBs)
Alt.3) UE supports NAICS fully over both CC1 and CC2 (since the total aggregated bandwidth is <= 150 PRBs)
Alt.4) UE supports NAICS fully over both CC1 and CC2 (since the total aggregated NAICS bandwidth is <= 150 PRBs)
Also for this case, the Alt.3 seems to be the one according to the current field description of NAICS: Alt.1 seems to result in very static use of NAICS (i.e. NW has to ensure it schedules one carrier over the other) and Alt.2 seem to result in either unclear UE behaviour (i.e. over which carrier NAICS is performed).
Proposal 4: RAN2 to verify whether Alt.4 is the correct interpretation in use case 3.
4
Conclusions
We have discussed the NAICS capabilities and their interpretations, and made the following observations and proposals:

Observation 1: Indicating a “superset” NAICS capability implies UE supports any “subset” NAICS capability. Hence, UE never needs to indicate any “subset” NAICS capabilities if it already indicates a “superset” NAICS capability.

Proposal 1: RAN2 to discuss whether UE should only indicate the “superset” NAICS combinations in the per-band combination NAICS capability signalling.

Proposal 2: RAN2 to verify that NAICS support only considers the configured NAICS bandwidth, not the total aggregated reception bandwidth. (i.e. Alt.4)

Proposal 3: RAN2 to verify whether Alt.4 is the correct interpretation in use case 2.

Proposal 4: RAN2 to verify whether Alt.4 is the correct interpretation in use case 3.
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