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1. Introduction
PDSCH interference mitigation and CRS-IC in any subframe are two primary components of the NAICS feature. Therefore, it is necessary to determine how they apply in NAICS reception and relate to UE capability. 
A related issue is how robust NAICS reception can be achieved given highly variable interferer characteristics and in the presence of flexible network configurations.  The extent to which robust operation can be assumed influences what specification is needed for NAICS support and configuration.  The requirement for robust operation may also influence UE power consumption.
In this contribution, we consider how some NAICS capabilities can be defined with respect to CRS-IC and PDSCH interference mitigation.  Mechanisms to guarantee robust NAICS reception are also discussed.
2. CRS-IC and NAICS Capability 
CRS-IC and PDSCH interference mitigation are two primary components of Rel-12 NAICS.  Given the discussion at RAN1#76bis, it may be worth reiterating prior agreements.  In RAN1#72bis, it was agreed [1]:
	Agreements:

· General for all scenarios:

· Baseline is Rel-11

· CRS interference modelling is included

· FFS number of antenna ports and number of MBSFN subframes

· CRS interference cancellation at the UE is assumed for all subframes for up to 2 interfering cells

· Traffic model: FTP model 1


Furthermore, performance results observed in the NAICS SI were contingent on using NAICS functionality in all subframes, which is especially important for the colliding CRS scenarios often highlighted in the SI phase.  This use of NAICS in all subframes is necessary in order to obtain the maximum gain from NAICS.

Also, in RAN4#70bis the outcome of discussions on NAICS receiver complexity was to limit to one interfering PDSCH [2]:
	Agreements

· Confirm the scope of Rel-12 NAICS to limit total layers (serving + interfering) up to 3 and number interferer to cancel to 1


Observations:

· PDSCH interference mitigation and CRS-IC are two primary components of NAICS
· NAICS efforts to date assume CRS-IC in all subframes and on up to 2 interfering cells
· Complexity considerations limit Rel-12 PDSCH interference cancellation to one interferer

PDSCH interference mitigation is considerably more complex and can apply in different network and traffic conditions than CRS-IC.  PDSCH interference mitigation (combined with CRS-IC) can be most beneficial at the highest loads and/or when interference has low rank and/or modulation order.  CRS-IC without PDSCH interference mitigation is the most beneficial at medium and low loads, and is applicable in more network and traffic conditions since CRS transmission does not vary.  
Rel-11 CRS-IC targets feICIC operation, whereas NAICS functionality has been studied in more general scenarios without feICIC configured.  On the other hand, CRS-IC functionality has no basic behavioral differences between NAICS and feICIC scenarios and can be easily extended to all subframes.  Also, NAICS UEs are considerably more capable/powerful than Rel-11 UEs, so supporting Rel-11 CRS-IC would not appear challenging for NAICS UEs, especially as CRS-IC is presently mandated in Rel-11.  
Observations:
For Rel-12 NAICS, CRS-IC + PDSCH interference mitigation and stand-alone CRS-IC
· are beneficial in different network and traffic conditions

· target mitigation of a different maximum number of interferers

· have been studied for somewhat different conditions:

· NAICS PDSCH interference mitigation so far has not considered feICIC
· CRS-IC can support feICIC (it does in Rel-11)

Proposals:

· Two distinct NAICS capabilities are defined

· The UE is capable of PDSCH mitigation and CRS-IC in all subframes

· The UE is capable of CRS-IC in all subframes
· NAICS UEs can support Rel-11 CRS-IC

· CRS-IC functionality is supported both when one and two CSI subframe sets are configured.

3. NAICS reception robustness
Especially because they are often non-linear, the performance of NAICS receivers can vary considerably more with interference characteristics than that of legacy receivers.  This can be observed in the link level results in the NAICS TR [3], where NAICS gains over MMSE-IRC vary substantially according to e.g. the rank and modulation order of the interferer.  Consequently, it is unlikely that NAICS receivers will be tested in all relevant combinations of interference and desired signal characteristics (such as modulation order, rank, received signal power, transmission mode, etc.) where performance can substantially vary.  

Furthermore, the network must constrain transmissions in order to support NAICS reception.  According to RAN4 agreements [2][4], NAICS UEs can assume the following. 
	Agreements

· Synchronization of CP, slot, SFN, subframe and common system bandwidth for the serving cell and interfering cells can be implicitly assumed if NAICS signaling is present

· ρB/ρA ratio (i.e. PB) should be signaled by the higher layer

· Interferer parameters are assumed to have granularity of at least 1 PRB pair in time. Further bundling in frequency domain is FFS.


The network may or may not facilitate NAICS reception for the combination of serving and interfering cells transmitting in a given subframe by meeting constraints including all those above.  Such constraints may impact network performance, and are dependent on a substantial fraction of NAICS capable UEs being served, and so the UE should not always expect that it can rely on the provided network assistance and/or may not always assume NAICS favorable conditions in every subframe.
While NAICS UEs cannot assume consistently NAICS amenable transmission, they must at least perform no worse than legacy receivers, as required by the work item description [5].
	· Ensure no performance loss compared to LMMSE-IRC receivers in all interference PDSCH scenarios including different transmission modes than that of desired PDSCH, per PRB or PRB-pair based resource allocation for interference PDSCH,  and/or lack of higher-layer signalling, in a wide range of typical network deployment conditions (including also 4Tx) for both CRS based and DM-RS based TMs. 


Observations:
· Performance of NAICS can vary considerably with interference characteristics 
· It is unlikely that NAICS UEs will be tested in all relevant combinations of interference and desired signal characteristics
· UEs assume a variety of transmission constraints to facilitate NAICS reception
· However, NAICS UEs should not always expect that these constraints are present in every subframe.

· NAICS UEs are required to have no loss compared to legacy reception under a variety of conditions.

Given these observations, it is clear that NAICS UEs should have robust receivers that can improve reception performance over legacy receivers when conditions allow and to provide at least legacy performance when conditions are not suitable for NAICS.  As discussed in more detail in a companion RAN4 contribution [6], the most straightforward way to guarantee no loss over legacy receivers is to support two decoding attempts per serving PDSCH: one with NAICS functionality, and one with legacy reception.  From a RAN1 perspective, dual decoding receivers enable NAICS operation to provide gain when semi-static signaling of NAICS parameters is used, and where such signaling cannot track network conditions on a subframe-by-subframe basis.  
Because CRS-IC parameters are few and relatively easily determined, and because CRS-IC functionality is considerably simpler than PDSCH interference mitigation, UEs should be able to use CRS-IC even when PDSCH mitigation is not feasible.  Therefore, assuming assistance is needed for CRS-IC, assistance parameters for NAICS PDSCH interference mitigation and for CRS-IC should be able to be provided independently, and NAICS UEs that support PDSCH mitigation and CRS-IC in all subframes can be assumed to support CRS-IC if PDSCH mitigation is not active.
Proposals:

· NAICS functionality applies when one or more semi-statically provided assistance parameters are not valid in a given subframe.

· Such functionality can be supported e.g. by decoding using both NAICS and Rel-11 receivers

· Assistance parameters for NAICS PDSCH interference mitigation and for CRS-IC can be provided independently
· NAICS UEs that support PDSCH interference mitigation and CRS-IC in all subframes can be assumed to support CRS-IC if PDSCH mitigation is not active.

To reduce UE power consumption, it may be desirable to indicate to NAICS configured UEs that NAICS amenable transmissions should not be assumed for a (relatively short) time.  In this way, a dual decoder based NAICS UE can adjust its reception to use legacy reception more than NAICS, reducing the number of decoding attempts.  
RRC signaling using the full set of NAICS parameters does not seem suitable to indicate this kind of “on/off” assumption of NAICS compatible transmission for relatively short time periods, and so a simpler, more rapid on/off indication would be useful.  As CRS-IC complexity is rather less than that of PDSCH interference mitigation, the need for on/off signaling for CRS-IC should be FFS.
While study is ongoing in RAN1, it is possible that NAICS UEs may adjust their CQI calculation according to if NAICS functionality is used.  Also, eNB may need to take into account NAICS gains in link adaptation.  In these cases, eNB should be aware if a UE uses NAICS, possibly by directly configuring NAICS on/off.

One possible design philosophy for NAICS could allow that some NAICS UEs are not be robust enough to operate well when semi-static assistance is not valid in a given subframe.  In that case, the network should be aware that a UE has this limitation, and the network should have ‘on/off’ control for this UE.  
It is also possible that some UEs may not need assistance to use NAICS.  In this case, NAICS capable UEs may need to inform the network if they are using NAICS.  It should also be considered if the network should have direct ‘on/off’ control of such UEs.
Proposals:

· ‘On/off’ control of whether NAICS functionalities are enabled (or to indicate conditions are favorable for NAICS) is supported
· A low overhead ‘on/off’ indication is signaled.
· At least UEs that require assistance information support on/off
· It is FFS if ‘on/off’ of CRS-IC is needed.

· FFS if a NAICS UE not requiring assistance can indicate if NAICs is ‘on’ and/or supports ‘on/off’
· If all NAICS UEs cannot be assumed to support NAICS when one or more semi-statically provided assistance parameters are not valid in a given subframe, 
· The network is aware of such UEs, e.g. through capability signaling

· Such UEs support NAICS ‘on/off’ control
4. Conclusion
In this contribution, we have consider how some NAICS capabilities can be defined with respect to CRS-IC and PDSCH mitigation and mechanisms to guarantee robust NAICS reception.  We made the following observations and proposals:
Observations:

· PDSCH interference mitigation and CRS-IC are two primary components of NAICS

· NAICS efforts to date assume CRS-IC in all subframes and on up to 2 interfering cells

· Complexity considerations limit Rel-12 PDSCH interference cancellation to one interferer

· For Rel-12 NAICS, CRS-IC + PDSCH interference mitigation and stand-alone CRS-IC
· are beneficial in different network and traffic conditions

· target mitigation of a different maximum number of interferers

· have been studied for somewhat different conditions:

· NAICS PDSCH interference mitigation so far has not considered feICIC

· CRS-IC can support feICIC (it does in Rel-11)
· Performance of NAICS can vary considerably with interference characteristics 
· It is unlikely that NAICS UEs will be tested in all relevant combinations of interference and desired signal characteristics
· UEs assume a variety of transmission constraints to facilitate NAICS reception

· However, NAICS UEs should not always expect that these constraints are present in every subframe.

· NAICS UEs are required to have no loss compared to legacy reception under a variety of conditions.

Proposals:

· Two distinct NAICS capabilities are defined

· The UE is capable of PDSCH mitigation and CRS-IC in all subframes

· The UE is capable of CRS-IC in all subframes

· NAICS UEs can support Rel-11 CRS-IC

· CRS-IC functionality is supported both when one and two CSI subframe sets are configured.

· NAICS functionality applies when one or more semi-statically provided assistance parameters are not valid in a given subframe.

· Such functionality can be supported e.g. by decoding using both NAICS and Rel-11 receivers

· Assistance parameters for NAICS PDSCH interference mitigation and for CRS-IC can be provided independently
· NAICS UEs that support PDSCH interference mitigation and CRS-IC in all subframes can be assumed to support CRS-IC if PDSCH mitigation is not active.

· ‘On/off’ control of whether NAICS functionalities are enabled (or to indicate conditions are favorable for NAICS) is supported

· A low overhead ‘on/off’ indication is signaled.

· At least UEs that require assistance information support on/off
· It is FFS if ‘on/off’ of CRS-IC is needed.

· FFS if a NAICS UE not requiring assistance can indicate if NAICs is ‘on’ and/or supports ‘on/off’ 
· If all NAICS UEs cannot be assumed to support NAICS when one or more semi-statically provided assistance parameters are not valid in a given subframe, 

· The network is aware of such UEs, e.g. through capability signaling

· Such UEs support NAICS ‘on/off’ control
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