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1 Introduction

The current NAICS capability definition in 36.331 assumes that (1 CC, 100 PRB) is a subset of (2 CC, 100 PRB), which appears intuitively correct. However, in our earlier paper R2-154834 for the RAN2 91bis meeting, we proved that this unnecessarily prevents some UEs from using the NAICS feature. In this paper, we show that this artifical signaling contraint can be avoided by changing one word in the NAICS capability definition, without ASN.1 change. The accompanying CR is R2-161686. 
2 Current Spec definition for NAICS capability 

Below is the current NAICS capability definition. Based on the text, if the UE claims that it supports NAICS capability (2 CC, 100 PRB), it must support NAICS capability (1 CC, 100 PRB). In another word, it assumes that (1 CC, 100PRB) is a subset of (2 CC, 100 PRB).    
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) with the restriction that NAICS is only supported over full carrier bandwidth.

· 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}; 

Observation 1: Current specification assumes NAICS capability (1 CC, 100 PRB) is a subset of (2 CC, 100 PRB).
3 NAICS capability (1CC,100PRB) is higher than (2CC, 100PRB) 
In current NAICS capability definition, we observe that (1 CC, 100 PRB) requires higher UE capability than (2 CC, 100 PRB). Table 2 below gives the analysis of the observation for an example of 2 CA case. In Table 2, Column 1 (in grey) is the NAICS capabilities, Columns 2, 3 and 4 are the implications of the NAICS capabilities.
Table 2 - Comparison of UE processing power for NAICS capability under 2CA: 
(2CC, 100PRB) vs. (1CC, 100PRB)
	2 CC band combination
	Implication of the NAICS capabilities

	NAICS capabilities 
	Supported 
bandwidth combinations 
	Number of PRBs required interference cancellation
	Number of PRBs for decoding data with carrier aggregation

	A.

(2 CC, 

100 PRB)
	Aggregated PRBs of two CCs can be up to 100PRB

Max: 10MHz + 10MHz or

15MHz + 5MHz
	100 PRBs
	100 PRBs over 2CCs

(under CA 10MHz + 10MHz or 15MHz + 5MHz)

	B.

(1 CC, 

100 PRB)
	Either CC can be up to 100PRB (20MHz). 

Max: 20MHz + 20MHz
	100 PRBs
	200 PRBs over 2CC

(under CA 20MHz+20MHz)


Based on the example in Table 2, we have the following observations.
Observation 2: NAICS capability (1 CC, 100 PRB) requires the UE to decode data on 100 more PRBs than NAICS capability (2 CC, 100 PRB).
Observation 3: NAICS capability (1 CC, 100 PRB) is higher capability than (2 CC, 100 PRB).
Based on Observations 2 and 3, we propose the following. 
Proposal 1: clarify in 36.331 that [x-n CC, y PRB] with n>=1 is not a subset of [x CC, y PRBs].
A simple way to implement proposal 1 into the signaling is below.

Proposal 2: clarify in 36.331 that NAICS capability [x CC, y PRB] is applicable to exact x CCs.
An example spec change for Proposals 1 and 2 is below, which is also in an accompanying CR R2-161686. Here we only replace “maximum” by “exact”.

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 exact 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) with the restriction that NAICS is only supported over full carrier bandwidth.

· 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}; 

4 Comparison of current interpretation vs. Proposal 1
In the table below, we compare the difference of the 2 NAICS capability interpretations: current specification vs. Proposal 1 (and the resulting draft spec change above). We assume the concerned CA band combination has 2 CCs. 
	UE baseband capabilities 
	The NAICS capabilities that the UE can claim 
under 2CC band combination

	
	Under Current Specification 
	Under Proposal 1

	UE1:

100 PRB for interference cancellation  + 100 PRB for decoding data
	UE1 does not support NAICS under 2CC
	UE1 supports NAICS 
[2CC, 100PRB] under 2CC

	UE2:

100 PRB for interference cancellation  + 200 PRB for decoding data
	UE2 supports NAICS 
[2CC, 200PRB] under 2CC
	UE2 supports NAICS 
[2CC, 200PRB] under 2CC


Observation 4: Proposal 1 allows more UEs to use the NAICS feature.
5 Conclusion 

RAN2 is kindly requested to confirm the observations below and discuss the proposals in this paper.

Observation 1: Current specification assumes NAICS capability (1 CC, 100 PRB) is a subset of (2 CC, 100 PRB).
Observation 2: NAICS capability (1 CC, 100 PRB) requires the UE to decode desired data on 100 more PRBs than NAICS capability (2 CC, 100 PRB).
Observation 3: NAICS capability (1 CC, 100 PRB) is higher capability than (2 CC, 100 PRB).

Observation 4: Proposal 1 allows more UEs to use the NAICS feature.
Based on Observations 2, 3 and 4, we propose the following. 

Proposal 1: clarify in 36.331 that [x-n CC, y PRB] with n>=1 is not a subset of [x CC, y PRBs].

Proposal 2: clarify in 36.331 that NAICS capability [x CC, y PRB] is applicable to exact x CCs, not applicable to (x-n) number of CCs, with n>=1.
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R2-154834
Discussion on NAICS subset capability
Qualcomm Incorporated, Samsung
discussion

-
Qualcomm clarify that the NAICS capability puts a limit in the overall configuration. Nokia think the NAICS capability and the CA capability are independent things. This proposal is trying to combine them. Qualcomm think we are no changing anything as it is already possible for the UE to include a list of NAICS capability combinations, only question is about what subsets are implied by inclusion of one NAICS capability combination.

-
Nokia understand the NAICS capability are on top of the aggregation capabilities. We can ask RAN4.

-
MediaTek think it is important to address this issue. The NAICS processing capability is shared and no 'add-on' on top of aggregation.

-
Intel share the view of Qualcomm and MediaTek and think the RAN4 definition of subset is not so clear. 

-
Nokia prefer to indicate to RAN4 what we have done and ask them if they see any issues.

=>
Draft LS to RAN4 (Qualcomm) in R2-154975 to explain our signalling, what we are considering to change, and ask if they see any issues

R2-154975
Draft LS to RAN4 on NAICS subset capability (to: RAN4; cc: -; contact: Qualcomm)
Qualcomm
LS out
=>
In yellow column of table remove yellow highlight and italics. Change 100CC to 100 CC over 2 CC and change 200CC to 200 CC over 2 CC. 

=>
Replace revision  marks in the suggested change.

=>
Revision in R2-154995. Approved

