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1 Introduction
In this contribution we provide more background and existing agreements reached on this topic from before together with our observations and proposal. Furthermore a draft LS to RAN2 is prepared in [2].

During RAN4#76bis meeting a RAN2 LS was received in RAN4 in [1] as following.
1. Overall Description:

Based on the RAN4 LS’s R4-147863(R2-145331) and R4-148047(R2-145348), where RAN4 recommended this combination of signalling:

	Index
	Aggregated BW range
	Range of the Number CC

	1
	50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300, 350, 400, 450, 500
	0, 1, 2,3, 4, 5

	2
	50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300, 350, 400, 450, 500
	0, 1, 2,3, 4, 5

	3
	50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300, 350, 400, 450, 500
	0, 1, 2,3, 4, 5

	4
	50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300, 350, 400, 450, 500
	0, 1, 2,3, 4, 5

	5
	50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300, 350, 400, 450, 500
	0, 1, 2,3, 4, 5

	6
	50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300, 350, 400, 450, 500
	0, 1, 2,3, 4, 5

	7
	50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300, 350, 400, 450, 500
	0, 1, 2,3, 4, 5

	8
	50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300, 350, 400, 450, 500
	0, 1, 2,3, 4, 5


RAN2 chose to implement it in this format:

· Per UE:  A list of supported NAICS capabilities, naics-Capability-List-r12, may contain 1 to 8 entries of:
· numberOfNAICS-CapableCC-r12: an integer between 1 and 5

· numberOfAggregatedPRB-r12: An enumeration that can take the values: n50, n75, n100, n125, n150, n175, n200, n225, n250, n275, n300, n350,n400, n450, n500, spare

· Per band combination of a UE: For each band combination, the UE may indicate a bitmap supportedNAICS-2CRS-AP-r12,  referring to the per UE  list of supported NAICS capabilities, listing which entries are applicable to that band combination.

· For any band combination including ones signalling a single component carrier, the UE is allowed to indicate {numberOfNAICS-CapableCC, numberOfAggregatedPRB} = {1, 100} if NAICS is supported for that band combination.
· NAICS is only supported over full carrier bandwidth.
Furthermore, RAN2 defined the following field description for the first entry above:

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}; 

· -
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}.Where RAN2 would like to draw the attention of RAN4 to the highlighted text in yellow above, which implies that if a UE supports NAICS capability (2 CC, 100 PRB) for a band combination, it shall also support NAICS capability subset (1 CC, 100 PRB) for that band combination.

There was no consensus in RAN2 whether this was an intentional requirement, and whether the signalling should be modified. At least one company considers, for a 2CC band combination example, a UE may support NAICS with (2 CC, 100 PRB) without supporting NAICS with (1 CC, 100 PRB) because the latter requires the decoding of 100 PRB in addition to the 100 PRBs with NAICS. This table further illustrates the example: 

	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
	Aggregated PRBs of two CCs can be up to 100PRB

Max: 10MHz + 10MHz or

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

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

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

Max: 20MHz + 20MHz
	100 PRBs  over 1 CC
	200 PRBs over 2CC

(under CA 20MHz+20MHz)


The current standard implies that if the UE declares (2 CC, 100 PRB) only, it supports both lines A and B in the table above.

The alternative is to allow the UE to signal lines A and B separately via listing one or both of (2 CC, 100 PRB) and (1CC, 100 PRB).

Therefore, it has been proposed in RAN2 that the field description would be modified as follows:

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 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}; 

This would allow a UE to indicate up to 8 capabilitilies of [x CC, y PRB] for each band combination. E.g, a UE would be able to include both “[x CC, y PRBs]” and “[x-n CC, y PRB] with n>=1” for a particular band combination.

RAN2 would like RAN4 feedback on whether it is always assumed that a UE supporting certain NAICS configuration is also expected to support the “subset” configurations.

2. Actions:

To the RAN4
ACTION: 
Please confirm whether UE supporting NAICS with “[x CC, y PRBs]” for a band combination shall also support NAICS with “[x-n CC, y PRB] with n>=1” for that band combination.

2 Technical discussion
2.1 Previous agreements from RAN4
First of all it’s important to recall some earlier agreements on this issue back from about one year ago. When the NAICS capability was discussed the following agreements were reached from RAN4.
Agreements made for NAICS capability signaling for CA in R4-147848 [3]
1) Band agnostic

Agreed Signalling:

For each number serving cell max aggregated BW and num CCs are signalled

No need to signal, since this is the min capability.

1DLCA 100 PRBs -> Min NAICS supported BW is 100PRBs

This information is signalled

2DLCA aggregated PRBs + num CCs supported by NAICS

3DLCA aggregated PRBs + num CCs supported by NAICS

4DLCA aggregated PRBs + num CCs supported by NAICS

5DLCA aggregated PRBs + num CCs supported by NAICS

For further discussion

Minimum step is 25 or 50PRBs -> E/// would like 50PRBs
Furthermore it was captured in the chairman’s notes of RAN4#73 meeting as online agreements for NAICS capability as the following marked green ones as further clarification for the agreed Adhoc minutes in [4].

R4-147848
Minutes for NAICS Capability Discussion


Source: MTk
Agreed clarification:
1. The number of component carriers supported by NAICS should be the “maximum” and not the exact amount of component carriers.

NVIDIA: example

E///: UE indicates 100 PRB capability and 2 carriers ( 10+10 or 20. 

2. IT IS ASSUMED THAT NAICS OPERATION IS ALWAYS CONFIGURED OVER THE ENTIRE CARRIER, WHEN NAICS SIGNALLING IS RECEIVED FOR ONE CARRIER below or equal the max capability. THE UE APPLIES NAICS PROCESSING OVER THE ENTIRE Carrier BANDWITH  
•
When the UE receives the NAICS cell assistance information IE, the network can assume the UE will apply NAICS over the entire BW for that CC/CG

•
The network is not expected to configure the UE in a way to exceed its maximum aggregated capability; otherwise, UE behavior is not defined.
HW: if the capability is 25 PRB, how does it operate in 10+3 MHz.

E///: In this case, UE will perform NAICS over 3 Mhz, but not the residual PRBs over the 10 MHz CC. We are excluding the case where UE is performing NAICS over partial bandwidth of the carrier.

SS: UE 100 RB. In the case of 20+20, network will only configure 1 CC or 2CC? what’s the behavior.


E///: In the case of 2 CCs are configured for NAICS, UE should not perform NAICS over some RBs on 1 CC and some RBs on the other CC.


SS: in this case, UE implementation will decide which CC to perform NAICS.


QC: UE will decide which CC to perform NAICS on. NAICS operation is applied to the entire bandwidth of a CC.


E///: network is allowed to configure 2 CCs.

3. The minimum capability in terms of aggregated PRBs / CC# does not necessarily needs to be the same for 2, 3 4 5DL carriers and it is still FFS.

Intel: how to capture the band agnostic aspect?

Chair: RAN2 could figure out the signaling optimization. RAN4 only needs to provide the technical content of the capability.

Decision:Agreed
So a short summary of above agreements for the NAICS signaling for CA capability is provided as following.

· The NAICS CA capability is supposed to be band agnostic.

· The number of component carriers supported by NAICS should be the “maximum” and not the exact amount of component carriers.

· Minimum capability with single carrier to support NAICS is 100PRB meaning 20MHz. 

· When the UE receives the NAICS cell assistance information IE, the network can assume the UE will apply NAICS over the entire BW for that CC/CG

· The network is not expected to configure the UE in a way to exceed its maximum aggregated capability; otherwise, UE behavior is not defined.
Based on the agreements above the following 2 LSs were sent from RAN4 to RAN2 cc RAN1 in last Nov meeting on the NAICS capability related to CA. The 1st one is in R4-147863 [5] and the 2nd one is R4-148047 [6]. These were the basic how the NAICS signaling was defined.
Observation 1: The following agreements were reached on NAICS CA capability from RAN4.

· The NAICS CA capability is supposed to be band agnostic.

· The number of component carriers supported by NAICS should be the “maximum” and not the exact amount of component carriers.

· Minimum capability with single carrier to support NAICS is 100PRB meaning 20MHz. 

· When the UE receives the NAICS cell assistance information IE, the network can assume the UE will apply NAICS over the entire BW for that CC/CG

· The network is not expected to configure the UE in a way to exceed its maximum aggregated capability; otherwise, UE behavior is not defined.

2.2 Observations from RAN2 input
In RAN2 specification [7] actually the NAICS capability is reported per CA band combination or per CA band class as indicated from [8]. Such type of reporting mechanism is disobeying the RAN4 agreement to have the NAICS capability as band agnostic capability.
Also as the information provided from the LS in [1] it’s misunderstood to take example B as a CA indication as NAICS capability should be simply taken as a pure BB extra capability non-related to the indicated CA capability.  

	B
	Either CC can be up to 100PRB (20MHz). 
Max: 20MHz + 20MHz
	100 PRBs  over 1 CC
	200 PRBs over 2CC
(under CA 20MHz+20MHz)


Observation 2: RAN2 didn’t follow the RAN4 agreements in the following way.

· NAICS capability is reported per CA band combination or per CA band class from RAN2 which is disobeying the RAN4 agreement to have the NAICS capability as band agnostic capability.

· The NAICS capability should be taken as pure NAICS related BB capability non-related to the indicated CA capability.
2.3 Analysis for NAICS capability

Based on the discussions above we can take one example to demonstrate the capability is the following. So if one UE could support normal CA operation as 5x20MHz but only indicate {1,100} as single carrier to support 20MHz which is the minimum capability of supporting NAICS where the other CCs should be indicated by the CA bandwidth combination capability already, irrelated to NAICS capability. And if it indicates {2,100} which means maximum could support 2 CCs with NAICS with aggregated band as 100PRBs so it means it could support as 10+10MHz for NAICS, in the meanwhile aslo support 20MHz on single carrier as minimum capability. Any in any case such NAICS capability should be taken as baseband capability and shouldn’t be linked to CA band combinations, which generates confusion to network and also requires huge amount of signaling overhead to indicate it.
So we can conclude from RAN4 the following proposal to reply to RAN2.

Proposal 1: To reply RAN2 with the following conclusion from RAN4.

· The NAICS CA capability is supposed to be band agnostic and shouldn’t be reported per CA band combination or per CA band class.

· UE supporting NAICS with “[x CC, y PRBs]” shall also support NAICS with “[x-n CC, y PRB] with n>=1”.

3 Conclusion

This contribution provides background and analysis for NAICS CA capability with the following observations and proposal.
Observation 1: The following agreements were reached on NAICS CA capability from RAN4.

· The NAICS CA capability is supposed to be band agnostic.

· The number of component carriers supported by NAICS should be the “maximum” and not the exact amount of component carriers.

· Minimum capability with single carrier to support NAICS is 100PRB meaning 20MHz. 

· When the UE receives the NAICS cell assistance information IE, the network can assume the UE will apply NAICS over the entire BW for that CC/CG
· The network is not expected to configure the UE in a way to exceed its maximum aggregated capability; otherwise, UE behavior is not defined.
Observation 2: RAN2 didn’t follow the RAN4 agreements in the following way.

· NAICS capability is reported per CA band combination or per CA band class from RAN2 which is disobeying the RAN4 agreement to have the NAICS capability as band agnostic capability.

· The NAICS capability should be taken as pure NAICS related BB capability non-related to the indicated CA capability.
Proposal 1: To reply RAN2 with the following conclusion from RAN4.

· The NAICS CA capability is supposed to be band agnostic and shouldn’t be reported per CA band combination or per CA band class.

· UE supporting NAICS with “[x CC, y PRBs]” shall also support NAICS with “[x-n CC, y PRB] with n>=1”.
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