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1 Introduction
In RAN 63 a WI was approved for NAICS with the following objectives for RAN 4 [1].
· (RAN4)  Identify and agree on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters.

The intention of this objective is to conclude on the feasibility of parameters blind detection. The subsequent RAN 4 work will be to define performance requirements:

Specify demodulation and CSI feedback performance requirements based on the signalling of interference parameters as specified in the core part of the work item, as well as on the assumed UE blind detection as agreed in RAN4. 

· Target a unified performance requirement for the above considered NAICS receivers, including requirement covering both DMRS and CRS
· 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. 
However, it seems that in previous discussions (in meeting 70bis) the discussions have derived from the original RAN 4 objective. Furthermore a number of aspects have been ignored and need to be explicitly discussed in RAN 4 in order to make sure that RAN 4 has a common understanding on how to progress the NAICS work.

Hence in the contribution we address two aspects:

· The general scope of RAN 4 activity during the NAICS work

· Technical aspects which have been so far ignored and that should be considered within the NAICS scope

2 The scope of RAN 4 activity
In previous RAN 4 meeting several agreements were achieved on whether signalling or blind detection is considered as feasible for NAICS receiver.  So far it seems that companies are in favour of (fully or partially) blindly detect dynamic parameters, and the most controversial aspect is whether higher layer signalling is needed for semi static parameters.

The scope of RAN 4 is to “Identify and agree on the parameter combinations that could be blindly detected jointly”. The correct question RAN 4 has to answer and provide RAN 1 information on is whether a certain parameter can be blindly detected by the UE. And it seems that in many cases the answer is ‘yes’, i.e. when considering parameters such as PDSCH start, MBSFN subframe configuration, Cell ID, CRS APs etc.. 
However the main question is what does ‘can be blindly detected’ mean?

In our view ‘can be blindly detected’ means that it exists an algorithm which allows blind detection of a certain parameter. However, the feasibility of blind detection i.e. whether RAN4 thinks that blind detection is acceptable or not for a certain parameter, should take into account several aspects such as UE receiver complexity and overall throughput performance.
An explicit analysis should be carried on in terms of complexity and performance (degradation wrt to the genie receiver or gain wrt to the reference receiver) for all the parameters, and conclusions on whether the blind detection is acceptable from RAN 4 point of view should be based solely on that. Deciding whether a parameter should be signaled or not, is not in the scope of RAN 4 work and this decision should be left to RAN 1 where the outcome of RAN 4 analysis and the tradeoff in terms of signaling overhead and system level performance will be taken into account. Nor we think it is acceptable to decide for higher layer signaling only because of time constraints (i.e. limited time to do a correct analysis). 

Hence, we think that the right approach in RAN 4 is 

1. Companies provide analysis of performance related to blind detectability of a certain parameter
2. UE complexity and performance results in terms of reliability and overall throughput effect should be the basis to conclude for the blind detectability of a parameter.

3. Blind detectability may be feasible in certain conditions and RAN 4 could suggest RAN 1 whether 

a. The blind detection of a certain parameter provides negligible losses in terms of performance (and under which conditions) and hence it does not need to be modeled in system level analysis

b. The blind detection of a certain parameter may provide too high losses and hence RAN 1 can decide whether to model this loss into the system level analysis or to consider other methods (e.g. signaling)

c. The blind detection of a certain parameter is too complex for the UE (and in this case an information about the complexity could be a good indication for RAN 1) and hence restriction of the search space could be suggested.

As an example, the outcome of the Virtual cell ID blind detection analysis and Cell ID could be as such: 

	Parameter
	Blindly detectable?
	Complexity
	Restriction
	Performance impact
	Suggested assistance

	Virtual Cell ID
	yes
	Large complexity
	Yes, restrict the set to X values
	Negligible if the restriction is considered
	To indicate which subset of Virtual Cell ID the UE has to search for

	Cell ID
	yes
	No extra complexity as this can be done via regular  synchronization procedure 
	No
	Negligible if the neighbour cell is sufficiently strong so that the UE can synchronize to this cell
	It seems needed if other per cell related network assistance is provided

	……
	
	
	
	
	


Proposal 1: RAN 4 should provide RAN 1 information on whether blind detectability of certain parameters is acceptable in terms of complexity (a complexity indication seems needed) and performance (degradation or gain); RAN 4 should inform RAN 1 whether the blind detectability is subject to conditions and should indicate evidences of the choices. RAN 4 should not agree on the introduction of HL signaling as this is within the scope of RAN 1. 
3 Additional technical aspects to be taken into account
3.1 4 CRS APs
So far RAN 4 has not sufficiently considered the 4 CRS APs case from a blind detection point of view. RAN 4 initially discussed this issue in RAN 4 70bis but no conclusion was reached on whether to consider 4 CRS AP with the same priority as 2 CRS APs. It has been shown in [2] that the use of 4 CRS APs allows to improve considerably the performance. It was shown that the same relative NAICS gains can be maintained when considering 2 CRS APs or 4 CRS APs (compared to Rel-11 IRC receiver) while 4CRS APs boosts in general the performance of 2 CRS APs. Restricting NAICS to work only with 2 CRS APs (while not with 4CRS APs) will jeopardize the operators’ investment when upgrading the network, as all 4 CRS APs deployment would be penalized due to the absence of NAICS gains in case of 4 CRS APs. In fact, the performance with 2 CRS APs for a UE supporting NAICS could be better or similar to the performance obtained with 4 CRS APs without NAICS enabled and the expected gains when passing from 2 CRS APs to 4 CRS APs would vanish completely. 

We think that 4CRS APs should be considered with the same priority as 2 CRSs APs and, in order to show that from performance point of view blind detection of 4CRS APs can be considered as feasible we provide extensive simulation results in [3] and discussion in [4].
Some companies have raised concerns related to the complexity. In particular the complexity of the PMI detection is increased compared to the 2 CRS APs case, due to 16 potential precoders to search for, for rank 1 and rank 2 compared to 4 and 3 for 2 CRS APs.
However, it should be noted that in case of 4 CRS APs there is no ambiguity in terms of precoders selection which limits the complexity for example for ML type of decoders (compared to rank 2 case with 2 CRS APs).

In addition, in [5] we show that the complexity of PMI detection for 4 CRS APs (with limitation to rank equal to 2) is acceptable. 
If companies believe that the complexity associated to 4 CRS AP PMI detection is too high, methods could be used in order to limit the complexity (such as restriction of the 4 CRS APs codebook [4]).
Proposal 2: Consider 4 CRS APs with the same level of priority as 2 CRS APs in the context of rel-12. NAICS feature should not penalize 4 CRS APs deployment compared to 1 or 2 CRS APs.  Furthermore, UEs supporting NAICS should be capable to cancel/suppress interferers from cells that have different number of CRS ports than the serving cell.  Discuss further whether complexity reduction methodologies are needed. 
3.2 Fall-back capability
In the previous meeting the following was agreed [6]:

· Synchronization of CP, slot, SFN, subframe and common system bandwidth for serving and interfering cells can be implicitly assumed if NAICS signaling is present
· Cell ID is needed for higher layer signaling
· ρB/ρA ratio (i.e. PB) should be signaled by the higher layer

· Virtual Cell ID needs to be restricted (Restriction indicated by signaling) 

· Subset size for VCID set needs further study

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

However, the eNodeB is not mandated to signal this information and the UE can not assume that the eNodeB always meets the restrictive conditions mentioned above.  
The eNodeB 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.
For example the eNodeB could schedule data on per PRB basis rather than per PRB-pair basis. RAN 4 did not discuss what happens in these cases, i.e. when signaling is not provided or when the conditions which are implicitly assumed are not valid any longer.

In the WID [1] it is mentioned that RAN 4 should define performance requirements targeting the following point:

· 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. 
Note that there will be limited RAN4 tests on blind detection, so relying on robust NAICS operations is essential. Evidently, in order to ensure such performance the NAICS receiver would in principle need to include up to two decoding attempts; one with baseline functionality and one with NAICS functionality in order to make sure to select the receiver which does not break the Rel-11 performance. This always guarantees that in any possible condition the UE performance is not worse than what could be achieved by the Rel-11 receiver.  
Other UE centric methodologies could be assumed, such as the UE performs a full blind detection of all the parameters and verifies that the conditions are suitable for NAICS receiver before trying to decode the data independently of the presence of the eNodeB signaling. This has the advantage of guaranteeing that the UE fully exploits the NAICS benefits and it does not apply NAICS receivers only under the agreed/restrictive conditions (depending on the quality of its NAICS receiver implementation). However, depending on the reliability of the blind detection, this method does not fully guarantee that the performance is not worse than those obtained with Rel-11 LMMSE-IRC receiver. Hence, dual decoding capability seems to be the only methodology to really ensure robust NAICS operation.
To reduce UE power consumption, it may be desirable to indicate to NAICS UEs that NAICS favorable transmission 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; these aspects are discussed in more in details in [7].  In addition, it might be beneficial for the network to know whether some UEs are not robust enough to be able to autonomously guarantee no worse performance than the legacy receivers, and it might be beneficial to control the disabling of NAICSs feature under certain unfavorable conditions for those UEs.

In addition UE centric methodologies do not allow the network to know which type of functionality the UE is using for PDSCH demodulation and/or CSI reporting. For example, depending on whether CSI enhancements are defined under NAICS functionality in RAN 1, the eNodeB might need to know whether NAICS functionality is in use in order to take this information into account in the scheduling design.  

Proposal 3: Assume that the UE has dual decoding capability in order to make sure that in any condition the performance are no worse than those obtained with legacy receiver(s). Network control to indicate whether the UE can assume that the NAICS favorable conditions should not be assumed is considered as necessary.
3.3 CRS-IC capability

In this section we discuss and clarify the use of CRS-IC in the context of NAICS.

In principle, NAICS functionality could apply to any downlink physical channel or signal.

However, the main focus of NAICS study item was to cancel PDSCH signal. During the discussion it was highlighted that, depending on the conditions also strongest interferers CRS might need to be cancelled. 
Under Rel-11 CRS-IC feature is considered to be mandatory, however so far CRS-IC is only tested in very special FeICIC conditions, i.e. ABS subframes, and its implementation is guaranteed only in those subframes. Under NAICS study item first and then work item, many companies have indicated that CRS-IC was assumed together with PDSCH cancellation/mitigation, however it is not clarified whether the network can assume that a NAICS capable UE will support CRS-IC together with PDSCH cancellation/mitigation or not. 
So far one of the main scenarios that RAN 4 has considered  assumes strongest interferer colliding CRSs, and hence the CRS-IC implementation will impact the channel estimation quality only which will implicitly impact the throughput performance; however, in other network deployment case, such as non colliding CRSs, CRS-IC implementation will have also a direct non negligible impact on performance.

It should be reminded that the following agreement was already captured in the meeting minutes of RAN 1 72bis [8]:
· 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

which already clarifies that NAICS capable UEs should support CRS interference cancellation in all the subframes.

Therefore we would like to clarify/agree  that 

· NAICS functionality at least supports suppression of PDSCH and CRS interference 
· Such NAICS functionality is supported in all subframes
· UE implementation is not restricted to suppress only CRS and PDSCH
Hence, RAN 4 will define NAICS performance requirements under the assumption that the UE is capable of suppressing PDSCH and CRS interference in all subframes. In addition, in conditions when PDSCH cancellation or suppression is not active, CRS-IC could still be applicable. Hence, it seems beneficial also to introduce performance requirements by assuming that the UE has only the capability of suppressing CRSs in all subframes but not suppressing PDSCH.  Clearly, under certain conditions which e.g. are not favorable to PDSCH cancellation, the UE could fall back to CRS-IC receiver, rather than rel-11 LMMSE-IRC receiver.

Note also that while PDSCH interference cancellation or mitigation is limited to 1 interferer (and 3 layers) for complexity reason, CRS-IC should still target cancelling the 2 strongest interferers as agreement in [8].

Proposal 4: NAICS functionality at least supports suppression of PDSCH and CRS interference 

· Such NAICS functionality is supported in all subframes

· UE implementation is not restricted to suppress only CRS and PDSCH

Proposal 5: RAN 4 will define NAICS performance requirements under the assumption that the UE is capable of suppressing PDSCH and CRS interference in all subframes. In addition, it is beneficial also to introduce performance requirements by assuming that the UE has only the capability of suppressing CRSs in all subframes but not suppressing PDSCH. Consequently, under certain conditions which e.g. are not favorable to PDSCH cancellation, the UE could fall back to CRS-IC receiver, rather than rel-11 LMMSE-IRC receiver. PDSCH interference cancellation or mitigation is limited to 1 interferer (and 3 layers) for complexity reason, CRS-IC should still target cancelling the 2 strongest interferers as agreement in [8].
3.4 TDD

In RAN4 the discussion so far focused on FDD deployments and no discussions took place on TDD deployments. In particular, RAN 4 has not analysed scenarios based on TDD. Hence, so far it might be difficult to draw conclusions on expected NAICSs gains when TDD deployments are considered. 

It should be noted that excluding TDD analysis from NAICS work will penalize TDD deployments as no gains from interference suppression/cancellation could be guaranteed in TDD network. Hence, it seems important to consider also TDD deployments in NAICS study. In particular, additional parameters might need to be discussed in the context of TDD (uplink downlink configurations, special subframe, number of OFDM Symbols used for PDCCH in DwPTS of TDD special subframe..) and for example the impact of potentially reduced accuracy on channel estimation as well as the effect of several subframe configurations should be carefully studied (other aspects are of course not precluded). 
Proposal 6.  TDD deployments should be studied within NAICS study. 
Proposal 7. RAN 4 should perform studies in order to understand whether the same level of gains as for FDD are applicable for TDD deployment scenarios. In particular, additional parameters might need to be discussed in the context of TDD (uplink downlink configurations, special subframe, number of OFDM Symbols used for PDCCH in DwPTS of TDD special subframe..) and for example the impact of potentially reduced accuracy on channel estimation as well as the effect of several subframe configurations should be carefully studied (other aspects are of course not precluded).
3.5 Carrier aggregation

So far RAN 4 has ignored the presence of carrier aggregation and no discussions/decisions have been made on whether NAICS performance should be guaranteed also in case of carrier aggregation. 

RAN 1 has recently agreed to introduce network assistance signalling to facilitate the interference suppression process per component carrier, which indicates that whenever the UE supports NAICS capability and when carrier aggregation is configured, this will need to be guaranteed in all component carriers.

This of course introduce additional complexity in the UE receiver (a factor roughly equal to the number of component carriers) in the same way as the complexity of a UE supporting carrier aggregation without NAICS is similarly increased. 

RAN 4 has to decide whether performance requirements will be defined also in carrier aggregation case in the context of Rel-12. 

It should be noted that in case performance requirements are not specified in the context of carrier aggregation, it is not guaranteed that the UE supports NAICS capability on secondary carrier(s) which lead to an (potentially high) imbalance in terms of UE performance on the different carriers. This issue might also be linked to whether CSI enhancements are defined in the context of NAICS.
Proposal 8. RAN 4 has to explicitly decide whether performance requirements will be defined also in carrier aggregation case in the context of Rel-12. 
4 Conclusions

In this contribution we address two aspects:

· The general scope of RAN 4 activity during the NAICS work

· Technical aspects which have been so far ignored and that should be considered within the NAICS scope

The following has been proposed:

General scope: 
Proposal 1: RAN 4 should provide RAN 1 information on whether blind detectability of certain parameters is acceptable in terms of complexity (a complexity indication seems needed) and performance (degradation or gain); RAN 4 should inform RAN 1 whether the blind detectability is subject to conditions and should indicate evidences of the choices. RAN 4 should not agree on the introduction of HL signaling as this is within the scope of RAN 1. 
CRS APs:

Proposal 2: Consider 4 CRS APs with the same level of priority as 2 CRS APs in the context of rel-12. NAICS feature should not penalize 4 CRS APs deployment compared to 1 or 2 CRS APs.  Furthermore, UEs supporting NAICS should be capable to cancel/suppress interferers from cells that have different number of CRS ports than the serving cell.  Discuss further whether complexity reduction methodologies are needed. 

Fall back capability:

Proposal 3: Assume that the UE has dual decoding capability in order to make sure that in any condition the performance are no worse than those obtained with legacy receiver(s). Network control to indicate whether the UE can assume that the NAICS favorable conditions should not be assumed is considered as necessary.
NAICS functionality:
Proposal 4: NAICS functionality at least supports suppression of PDSCH and CRS interference 
· Such NAICS functionality is supported in all subframes

· UE implementation is not restricted to suppress only CRS and PDSCH

Proposal 5: RAN 4 will define NAICS performance requirements under the assumption that the UE is capable of suppressing PDSCH and CRS interference in all subframes. In addition, it is beneficial also to introduce performance requirements by assuming that the UE has only the capability of suppressing CRSs in all subframes but not suppressing PDSCH. Consequently, under certain conditions which e.g. are not favorable to PDSCH cancellation, the UE could fall back to CRS-IC receiver, rather than rel-11 LMMSE-IRC receiver. PDSCH interference cancellation or mitigation is limited to 1 interferer (and 3 layers) for complexity reason, CRS-IC should still target cancelling the 2 strongest interferers as agreement in [8].

TDD deployments:
Proposal 6.  TDD deployments should be studied within NAICS study. 
Proposal 7. RAN 4 should perform studies in order to understand whether the same level of gains as for FDD are applicable for TDD deployment scenarios. In particular, additional parameters might need to be discussed in the context of TDD (uplink downlink configurations, special subframe, number of OFDM Symbols used for PDCCH in DwPTS of TDD special subframe..) and for example the impact of potentially reduced accuracy on channel estimation as well as the effect of several subframe configurations should be carefully studied (other aspects are of course not precluded).

Carrier Aggregation:

Proposal 8. RAN 4 has to explicitly decide whether performance requirements will be defined also in carrier aggregation case in the context of Rel-12
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