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1. Introduction
During RAN1#78bis, RAN1 discussed the NAICS UE capabilities for Rel-12 and ended up with two different feature groups, PDSCH interference handling for 2 CRS APs and PDSCH interference handling for 4 CRS APs. However, the introduction of NAICS performance requirements for 4 CRS antenna ports is still open, and therefore the corresponding feature group is left “TBD” in the current feature group spreadsheet [1]. Another open issue is related to whether the NAICS UE capability indications should be, for example, common to all bands or per band. In the LS [1], RAN1 has asked RAN4 to address these open issues related to NAICS feature groups.
In this contribution, we provide our views on the remaining issues regarding NAICS UE capabilities.
2. Discussion
The relevant NAICS section of the current feature group spreadsheet as given in [1] is shown in Table 1. The open aspects are described under the “Note” column. The first open issue is related to whether the NAICS capability indication should be per band or common to all bands, as well as to the maximum number of carriers on which the UE indicating NAICS capability shall be capable of NAICS reception. This is discussed in Section 2.1. The other open issue is related to the introduction of NAICS performance requirements for the case of 4 CRS antenna ports and the associated feature group. This is discussed in Section 2.2.

Table 1. The relevant parts of the Rel-12 feature group spreadsheet for NAICS taken from [1].

	WI
	#
	Feature group
	Components
	Prerequisite feature groups 
	Note

	5. NW assisted IC for LTE
	5-1
	PDSCH interference handling for 2 CRS APs
	1) PDSCH interference cancellation/suppression for 2 CRS APs
2) CRS-IC for 2 CRS APs
	None
	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 number 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
	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


Details of NAICS capability indication
The open question related to both feature groups 5-1 and 5-2 (if specified) is whether the associated capability signaling should be per band, common to all bands, or whether the UE should for instance indicate the number of carriers on which it is capable of NAICS reception simultaneously, and whether such an indication should be band combination –specific.
It is noted that the NAICS complexity is almost linearly proportional to the aggregated bandwidth due to the required blind detection of interferer parameters per PRB pair in the worst case, and thus whether the UE is capable of processing NAICS on one carrier or on multiple carriers is highly dependent on the total aggregated bandwidth. For example a UE capable of CA with three DL carriers might be able to do NAICS processing only on two 20 MHz carriers, or equivalently, on a band combination of three carriers with a total aggregated bandwidth of up to 40 MHz. 
Having only a single NAICS capability indication common to all bands would lead to significant over-dimensioning of the UE. It is fair to assume that the UE would almost never be configured for NAICS on all carriers simultaneously, and therefore dimensioning the UE for such a case seems unnecessary, as much of the UE processing power would remain unused most of the time. Rather the NAICS implementation at the UE side should be dimensioned for practical cases. Therefore, there should be some flexibility in the NAICS capability indication. Preferably the indication should bear some relation to the aggregated bandwidth on which the UE is supposed to perform NAICS reception. On the other hand, it is noted that other baseband processing functions also consume processing power such that for example a UE capable of performing NAICS reception on two carriers in case of 2 DL band combination might be able to do NAICS reception only on one carrier in case of 3 DL band combination due to the increase in the baseband processing that is anyway required for PDSCH reception (channel estimation, equalization, turbo decoding etc.). Furthermore, the DL MIMO capabilities that the UE signals for a given band combination could have an impact on how much processing power is left for NAICS.
One possible way discussed during RAN1#78bis is to indicate the number of carriers on which the UE is NAICS capable. However, having only a single indication of the number of carriers on which the UE is NAICS-capable would lead to strange situations where the UE processing power can not be used to its full extent. For example, a UE indicating NAICS capability for a single carrier would be able to handle NAICS on a single 20 MHz carrier but not on both carriers of a 2x10 MHz band combination due to capability signaling limitations. To avoid a possible under-utilization of UE processing power in such situations, it would be highly preferable to make such an indication band combination –specific.

Another way to provide the required flexibility to UE implementation would be to make NAICS capability band and band combination –specific, similarly to the current CSI process capability indication. 
Proposal 1: NAICS capability signaling should be some function of the aggregated bandwidth, for example:
· Indication of NAICS capability in a band and band combination –specific manner, similar to CSI processes.
· Indication of the number of carriers on which the UE is NAICS-capable in a band combination –specific manner.
Introduction of performance requirements for 4 CRS APs
RAN4 is still discussing the feasibility and performance of blind interference parameter detection and NAICS demodulation in the case of 4 CRS antenna ports. On the other hand, several studies, e.g. those in [2]
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[3][4], show that the blind detection complexity is of an order of magnitude higher than in case of 2 CRS antenna ports. The complexity is in fact one very good reason to separate feature group 5-2 from 5-1, should performance requirements for the case of 4 CRS antenna ports be introduced. The complexity aspect is further aggravated by the fact that RAN1 did not introduce any additional assistance signaling specifically for 4-Tx purposes, for instance PDSCH start symbol signaling avoiding ambiguities regarding TM3 precoder cycling phase, or codebook subset restriction narrowing down the space of 4-Tx PMIs that the UE needs to blindly detect.

It is noted that the capability signaling needs to be finalized in the core part of the WI, i.e. by RAN#66 in December. Thus the decision regarding whether 4-Tx NAICS performance requirements are introduced for Rel-12 should be made during RAN4#73, noting that RAN2 also needs time for designing the signaling. Since the feasibility and performance of 4-Tx NAICS operation as a whole is unclear, since the complexity at the UE side would be tremendous and since the specification work even for 2-Tx NAICS performance requirements will require a lot of time in RAN4, our preference is not to specify performance requirements for 4-Tx NAICS in Release 12 and thereby not to introduce the corresponding capability signaling.
Proposal 2: Performance requirements for 4 CRS antenna ports should not be introduced in Release 12.
· Send an LS to inform RAN1 and RAN2 about the decision, recommending RAN2 not to specify capability signaling for feature group 5-2.

3. Conclusion 
In this contribution we have discussed the details of NAICS capability signaling as tasked by RAN1 in their LS [1]. Our proposals are summarized as follows:
Proposal 1: NAICS capability signaling should be some function of the aggregated bandwidth, for example:

· Indication of NAICS capability in a band and band combination –specific manner, similar to CSI processes

· Indication of the number of carriers on which the UE is NAICS-capable in a band combination –specific manner.
Proposal 2: Performance requirements for 4 CRS antenna ports should not be introduced in Release 12.

· Send an LS to inform RAN1 and RAN2 about the decision, recommending RAN2 not to specify capability signaling for feature group 5-2.
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