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1
Introduction

During the previous RAN#63 plenary, a WI on NAICS has been approved with the following RAN4 objective:

(RAN4)  Identify and agree on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters. 

· As a starting point, parameters are those identified in the study item phase as desirable for blind detection, namely: 
· Presence or absence of interference 

· Transmission modes (TM)

· For DMRS-based TMs: DMRS ports, modulation order, Virtual cell ID, nSCID, Cell ID, CRS ports, and MBSFN pattern

· For CRS-based TMs: PMI, RI, modulation order, Cell ID, CRS ports, and MBSFN pattern, ρA 

· CFI (if not coordinated and required by receiver implementation)

In addition to the above clearly noted RAN4 scope, it is also mentioned in the NAICS TR conclusion the fact that it is not precluded at yet that some of the [higher-layer signaling] candidate parameters may be blindly detected.
In this contribution we address blind detection options in conjunction with semi-static parameter signalling and parameter restriction.
2
Network assistance and blind detection for NAICS receiver
The current NAICS TR refers to two sets of parameters which are candidates for blind detection and semi-static signalling. Several questions needs to be answered with respect to these parameter sets and would be considered in the following discussion:

· Which are the parameters applicable to restriction, to what extent a reduced set of parameters is decreasing the UE complexity and in the same time to what extent such parameter restriction is influencing the system performance (this being more of a RAN1 responsibility)?

A first set of parameters have been identified as desirable candidates for blind detection as their semi-static signalling would imply undesirable network restrictions which quite probably cannot be compensated through NAICS receivers gains as such.

· For the following parameters of interference PDSCH, UE blind detection is desirable to reduce scheduling restriction and signaling overhead, possibly detected from a reduced subset (e.g., RRC signaled) of all values for some parameters

· Presence or absence of interference 

· TM

· For DMRS-based TMs: DMRS ports, modulation order, Virtual cell ID, nSCID, Cell ID, CRS ports, and MBSFN pattern
· For CRS-based TMs: PMI, RI, modulation order, Cell ID, CRS ports, and MBSFN pattern, ρA
· CFI (if not coordinated and required by receiver implementation)
The current TR conclusion [5] stipulates that blind detection is possible for modulation, rank, PMI (at least rank 1 and for 2 CRS ports), DMRS ports and resource allocation, interfering PDSCH presence detection, provided that all other parameters are known. In addition, semi-static signaling with parameter restriction cannot be a reliable choice for such dynamic parameters, while dynamic signaling would introduce a high, mostly redundant and unsustainable overhead. 
Proposal:

· The following parameters should be blindly detected: modulation, PMI, rank, PA.
The blind detection of transmission mode (TM) requires a special discussion. In terms of signaling and network operation, TMs can be flexibly utilized in time and frequency with respect to the scheduled UEs. The current specification refers to 10 transmission modes, however the NAICS UE would not detect the transmission modes as such, but rather the transmission schemes (TS) and the corresponding rank. In terms of transmission schemes, the NAICS UE needs to identify 4 of these: transmit diversity, LD CDD, closed loop MIMO (CRS-based operation) and beamforming (DMRS-based operation). Hence from a signaling perspective (if needed in order to reduce NAICS UE complexity) it makes sense to provide signaling in the form of transmission scheme indication rather than transmission mode indication as the signaling needs to have a direct mapping into the blind detection logic of the NAICS UE and not carrying redundant information which is anyhow estimated in the UE.
Observation:

· The NAICS UE would blindly detect between 4 transmission schemes instead of 10 transmission modes. 
· A transmission mode is characterized by the transmission scheme and rank.

Proposal:

· Utilize the transmission scheme indication (if needed in order to reduce NAICS UE complexity) rather than transmission mode indication.
· Network assistance needs to have a direct mapping into the blind detection logic of the NAICS UE.
System configuration, while flexible, in practice would not allow the combination of all existing transmission schemes and allocation types at once, but rather these would be changed semi-statically, according to the system needs. Some of these options can be changed even less frequently as they might depend on the network topology. For example, in a given CRS configuration we may typically use either LD CDD (TM3), or closed loop MIMO (TM4), but often not both at the same time. Also, most likely beamforming transmission scheme (TM8/9/10) is used as the preferred MIMO mode in some cells, but in that situation we would have the issue that legacy UEs must use either TM3 or TM4. Hence TM3 or TM4 may be scheduled in same TTI with TM8/9/10. Note also that transmit diversity is a fallback transmission scheme in all TMs, and hence the use of it is dynamically triggered on a subframe basis and thus may coexist with any other transmission schemes within a subframe. 
From the NAICS UE perspective, the maximum number of transmission schemes hypothesis possibly used by the interferer is needed in order to budget the NAICS UE blind detection complexity. From an eNB perspective, the support of at least transmit diversity, one CRS based TS and one DMRS TS seems desirable facilitating the operation of both legacy and more advanced UE Releases.
From a RAN4 perspective it is important to identify the parameters which may be subject to parameter restriction without bringing severe restriction on the network operation. It should be also noted that extensive parameter restriction would solve the NAICS issues for neither the UE nor the network operation but rather reduce drastically the chances that NAICS feature would be triggered by network in reality. If parameter restriction is envisioned as a form of UE complexity reduction, RAN4 needs to identify the maximum size of a set for each restricted parameter as this would define the upper bound in terms of complexity budget used by the NAICS UE.
Observation:

· RAN4 needs to identify the maximum size of a set for each restricted parameter as this would define the upper bound in terms of complexity budget used by the NAICS UE.
A second set of parameters have been considered as candidates for higher-layer signaling for further study both in RAN1 and RAN4 (in RAN4 from the perspective of blind detection):
· Resource allocation granularity (e.g., a group of PRB or PRB pairs)

· RA type (e.g., type 0, LVRB, Ngap used for DVRB)

· System bandwidth

· Synchronization indication (e.g., CP length)

· CSI-RS configuration
· QCL
· Cell-ID
· CRS ports
· MBSFN pattern
· ρB/ρA
As discussed in [2], the interference characteristics can be grouped into parameters that are deployment related, higher-layer configured, and dynamically signalled. Some of the deployment related parameters that are higher layer-configured such as length of  CP, cell ID, number of CRS antenna ports, and PB, are not subject of parameters restriction as they are mostly part of the network setup.

Observation:

· Parameters like system bandwidth, CP length, cell-ID, CRS ports, MBSFN pattern, ρB/ρA are not subject to parameter restriction.

From the lists of blind detection and higher-layer signaling candidates, the following open issues need to be considered:

· Resource allocation granularity: need to clarify if per PRB operation is sufficient for blind detection or a specific resource allocation granularity is mandatory in order to ensure reliable blind detection. From our current results [6], per PRB blind detection seems feasible. 

· Current recommendation: currently no higher layer signalling seems needed, however FFS with respect to other blind detection parameters estimation.
· Resource allocation type: need to clarify if network assistance with respect the utilized RA type in the interfering cell is necessary.

· Current recommendation: FFS.

· CSI-RS configuration: need to clarify if blind detection of CSI-RS configuration is reliable or the specific CSI-RS configuration needs to be signalled or a set of CSI-RS configurations needs to be signalled, these being used in a blind detection process. Note that the CSI-RS configuration is UE specific and hence the NAICS UE may experience interferers with multiple CSI-RS configurations.

· Current recommendation: FFS.

· Virtual cell ID (VCI) configuration: need to clarify: 1. the blind detection reliability of VCI (in the minimum case of small set of VCIs), 2. If blind VCI detection is reliable, the maximum number of VCIs allowing acceptable blind detection complexity. Note that there is unlikely the signalling of a single VCI for the simple reason that if the dominant interferer originates from a HetNet scenario, there are multiple VCIs per PCI, hence a single VCI signalling is not possible.

· Current recommendation: FFS.

· nSCID: need to clarify if blind detection is possible provided that at least a subset of VCIs is signalled.
· Current recommendation: FFS.

· Transmission scheme: need to clarify to what extent a limitation in transmission scheme utilization is reducing the UE complexity. From our analysis presented above, a minimum of 3 transmission schemes need to co-exist in one eNB. As RAN4 endorsed the possible blind detection of DMRS ports, it means that at least DMRS and CRS based transmission schemes can be blindly differentiated.
· Current recommendation: blind detection (FFS from the perspective of complexity reduction).

· QCL: the introduction of QCL signalling in Rel. 11 was based on the assumption of per PRB processing. As the NAICS is investigating the potential need of multiple PRB in order to guarantee reliable blind detection, once this issue is clarified, it should be revisited the need for QCL information.

· Current recommendation: need for semi-static signalling FFS.
3
Conclusions

In this contribution we have been presenting views with respect to blind parameter estimation in conjunction with network assistance. The following observations and proposals can be summarized: 
Observation:

· The NAICS UE should blindly detect between 4 transmission schemes instead of 10 transmission modes. 

· A transmission mode is characterized by the transmission scheme and rank.

· RAN4 needs to identify the maximum size of a set for each restricted parameter as this would define the upper bound in terms of complexity budget used by the NAICS UE.
· Parameters like system bandwidth, CP length, cell-ID, CRS ports, MBSFN pattern, ρB/ρA are not subject to parameter restriction.

Proposal:

· Utilize the transmission scheme indication (if needed in order to reduce NAICS UE complexity) rather than transmission mode indication.
· Network assistance needs to have a direct mapping into the blind detection logic of the NAICS UE.
· At least the following parameters should be blindly detected: modulation, PMI, rank, PA.
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