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Introduction
The WI on NAICS [1] was approved in RAN#63 comprising of the following objectives:
· (RAN4)  Identify and agree on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters. 
· (RAN1) Starting from the candidate parameters identified for higher-layer signalling in the study item conclusion in RAN1 and any subset restriction under which RAN4 identifies that some parameter combinations could be blindly detected jointly, RAN1 will decide on the final higher-layer signalled parameters, including any subset restriction, taking into account:
Following the mandate given above, discussions on several contributions (cf. [3,4,5]) during RAN1#76bis resulted in the following:

Conclusion:
· Further discussion is needed about NAICS signaling supports of 1, 2, and 4 CRS ports


Working assumption:
· Following parameter could be signalled by higher-layer signalling
· Information related to PB
· Set of less than 8 power offset values
· Subset of virtual cell ID
· FFS: Cell ID, CRS ports, MBSFN pattern, QCL, Supported TM, signalling or restriction related to “no Type-2 distributed resource allocation”, zero-power and non-zero-power CSI-RS, CFI
· Higher-layer signalling is configured per component carrier
· Further study is needed about blind detection or higher-layer signalling for system bandwidth, synchronization indication

In this contribution, we present our views on the signalling that is consistent with the working assumption given above and is appropriate to extract NAICS gain. We assume that a candidate list of potentially interfering cells is configured by the network for the user of interest. For each cell in this list (identified by an index, a natural choice of which is the corresponding cell ID) the network can specify a set of parameters. Such a candidate list (along with its constituent parameters) should be semi-statically configured by the network for the user in order to simplify and assist the user’s blind detection. 


Signaling parameters pertaining to RS
2.1 Signaling parameters associated with the CRS
We first consider the signalling needed to convey parameters associated with the CRS transmitted by each cell in the candidate list. In our view, the number of CRS ports for each cell in the list (and optionally its MBSFN sub-frame configuration) is quite beneficial in reducing the blind detection complexity at the user of interest. In this context, we note that the possibility of CRS not being transmitted at-all by the interferer might also need to be considered by the user over any sub-frame in order to incorporate dynamic cell ON-OFF. Another useful parameter is the (expected) PDSCH start symbol. The signalling of this parameter conveys the actual (or likely) starting symbol of the interfering PDSCH and is needed to fully exploit NAICS gain (over all transmitted interfering PDSCH symbols). Moreover, blind detection of the starting symbol by the user appears to be quite challenging.  
2.2 Signaling CSI-RS related parameters

Next, we consider configuration parameters associated with the CSI-RS (including both zero-power and non-zero power CSI-RS). In this case, the user upon knowing one or more CSI-RS configurations that can be employed by each potential interferer in its list, knows the PDSCH RE mappings possible under each such interferer hypothesis, which clearly will improve interference cancellation/suppression gains (for a given feasible level of complexity). 
 On the other hand, signalling for QCL indication needs further evaluation since purely DMRS based channel estimation was sufficient for desired signal demodulation in several evaluated instances during Rel.11 and it is unclear if enhanced estimation of the channel seen from an interferer is really needed for cancellation/suppression gains.   

In summary, we have the following proposal for the parameters pertaining to the RS.
Proposal:    Convey via semi-static signaling about each cell in a candidate list:
1. Number of CRS ports and PDSCH start symbol
2. CSI-RS configuration(s)



3. Signalling to aid blind detection of other dynamic parameters 

3.1 Modulation Classification
We note that the joint blind detection of modulation, PMI, RI and presence of one dominant interferer using a CRS based TM has been deemed feasible for 2 CRS ports, at-least under the simulated scenarios and provided that the other required parameters are perfectly known [2]. Similarly, in the case of DMRS based TM, joint blind detection of modulation,  nSCID and presence of one dominant interferer using up-to two DMRS ports (ports 7 and 8)  has been deemed feasible, again under the simulated scenarios and provided that the other required parameters are perfectly known.
However, the evaluation so far has assumed only the three modulation types that can be employed up-to Release 11, i.e., QPSK, 16 QAM and 64 QAM. It is likely (or imminent) that a higher modulation order (256 QAM) will be agreed in Release 12. This then raises the question about feasibility of blind detection in scenarios where 256 QAM can be employed by the interferer. In this context, we note that applying blind modulation classification when multiple higher order modulation types can be employed by the interferer is more complicated (indeed the classification errors tend to be increasing with the modulation order). Moreover, NAICS gain (even after correctly classifying an interferer employing a higher order modulation) over the baseline IRC receiver will be smaller, since the IRC receiver regards interference as a (un-constrained) Gaussian variable, an assumption that becomes increasingly suitable for denser QAM constellations. To summarize, support of 256 QAM with NAICS needs to be further evaluated. Considering the timeline to finalize this work item, our preference is the following. 
Proposal:   Blind  modulation classification is done by the user assuming that QPSK, 16 QAM and 64 QAM are the modulation types that can be employed by any dominant interferer.   
3.2 Supporting 4TX

The support for 4TX is important and NAICS gain should hold for such deployments. Let us consider the case where the dominant 4TX interferer employs a CRS-based TM. Here, blind detection of the assigned transmit rank of the interferer among all the four possible transmit ranks can result in an excessive complexity expended to chase gains that become increasingly marginal for larger ranks. It is thus meaningful to restrict the transmit rank assigned by the interferer. The user can be informed via semi-static signaling about an upper bound to the transmit rank that can be assigned by each potentially interfering cell in its candidate list. Alternatively, the semi-static signaling can indicate an expected transmit rank that is likely to assigned by that interferer, which can be used as a more probable seed value for the blind detection implementations. 

Next, we suppose a dominant interferer (from the candidate list) employing a DMRS based TM. In this case, PRB-pair has been agreed as the minimum resolution of the time-frequency unit that can be assigned by any such interferer.  
Here, it is particularly beneficial if the user has to consider only ports 7 and 8 in order to detect the presence and absence of interferer and classify the rank on each PRB-pair, possibly by determining the norms of the columns of the corresponding equivalent channel estimate.  Recall that joint blind detection has been deemed feasible only with such a qualification. Consequently, semi-static signaling a transmit rank upper bound adhered to by each potential interferer is useful here as well. 
Proposal:    Convey via semi-static signaling about each cell in a candidate list:
1. An upper bound on the transmit rank that can be assigned.

4 Other Issues  
We believe that synchronization should be assumed by the user without any explicit signaling since this is in any case the main operating regime where NAICS gain can be achieved in a feasible manner. While, the user can itself disable its NAICS capability and fallback to IRC based reception, following some decision rule, when it perceives degraded performance due to operation in an asynchronous scenario, it is desirable that the network enable NAICS functionality only in the synchronous regime. 

The user can perform blind detection (classification) after assuming a certain minimum time-frequency unit that can be assigned by an interferer under each transmission scheme, in other words, after assuming that the parameters that it seeks to classify remain constant within that unit. This minimum assignable time-frequency unit can be assumed, for instance, to be one PRB-pair   for all DMRS based TMs (which has been found sufficient to ensure reliable blind detection). For CRS based TMs the minimum assumed unit can be configured to be either a slot or a PRB pair. It is beneficial with respect to NAICS gain that this assumption is indeed respected by each interferer in the list, i.e., it is desirable that the network enable NAICS functionality only in the regime where the respective assumed minimum assignable time-frequency units are followed by all the cells.  Then, note that configuring the minimum assumed unit for CRS based TMs to be a slot makes blind detection challenging but does not preclude DVRB based allocation, while configuring the minimum assumed unit to be a PRB-pair  makes blind detection more feasible but precludes DVRB based allocation. While these assumed minimum assignable time-frequency units can be made further configurable on a per-interferer basis for each user, i.e., the assumed minimum assignable time-frequency units can be altered semi-statically for each cell in that user’s candidate list of interferers, further evaluation is needed to assess if this is beneficial. This is because such semi-static configuration in the absence of any explicit scheduling restrictions will not lead to significant NAICS gain, while placing scheduling restrictions can be counter-productive due to the bursty nature of the traffic. In this context, we note that a significant portion of the traffic is expected to be bursty and formed by very small per-user data demands. 
 Proposal:  Interference cancellation/suppression  is attempted  by the user assuming synchronization and a minimum time-frequency unit that can be assigned by a dominant interferer for each transmission scheme.  

 



1. Conclusion 
In this contribution, we provided our views on assistance signaling for NAICS comprising of the following proposals.

Proposal: Convey via semi-static signaling about each cell in a candidate list:
1. Number of CRS ports and PDSCH start symbol
1. CSI-RS configuration(s)


Proposal: Blind  modulation classification is done by the user assuming that QPSK, 16 QAM and 64 QAM are the modulation types that can be assigned to any dominant interferer.   


Proposal: Convey via semi-static signaling about each cell in a candidate list:
1. An upper bound on the transmit rank that can be assigned.


Proposal:  Interference cancellation/suppression  is attempted  by the user assuming synchronization and a minimum time-frequency unit   that can be assigned by a dominant interferer for each transmission scheme.  
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