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1 Introduction
In the last RAN plenary meeting (RAN#63), a new work item on Network Assisted Interference Cancellation and Suppression (NAICS) was approved [1]. As per the WI description, the objective is to specify network assistance signalling for LTE downlink data channels applicable to SL-IC/R-ML/E-MMSE-IRC receivers. In addition, the detailed objectives as it pertains to RAN4 were specified in the WID as:

·  (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)
Therefore, the key tasks for RAN4 in the WI phase is to 

· Identify parameter sets that can be blind detected jointly
· Identify subset restrictions on parameters to aid detection
2 Interference Parameters for NAICS

The Rel-12 advanced receiver WI on NAICS targets performance improvement for UEs under inter-cell interference conditions. Advanced receiver candidates for the WI, namely SLIC, R-ML and ELMMSE-IRC require interference parameters – the options for which are either blind detection (either fully blind or from a reduced set) or signaled using higher layer signaling, when possible.
Proposal 1: Rel-12 NAICS UE should not exhibit worse performance than Rel-11 MMSE-IRC performance for a given test condition, regardless of presence/absence of higher layer signaling.

The set of NAICS parameters can be broadly classified into (a) semi static parameters, and (b) dynamic parameters. For clarity, we define the two as follows: 

· Semi-static parameters: Transmission parameters of a given cell that can only be modified via higher layer signaling. These parameters typically remain static over a few tens to few hundreds of milliseconds for a given cell. UE specific parameters fall into the category of dynamic parameters.
· Examples: Set of possible transmission modes, Cell ID, MBSFN configuration etc.
· From a UE point of view, different interferers could be observed on each subframe. Hence, dynamic variation of semi static parameters could be observed. However, in terms of parameter detection, the value of the parameter is associated with a cell.
· For semi-static parameters, the RAN4 decision could be to 

· Either detect parameter blindly, or 
· Detect parameter from reduced set, or
· Signal the parameter to the UE (Higher layer signaling would be sufficient)
· Dynamic parameters: Transmission parameters that could vary dynamically (per-subframe basis) for a given interfering cell.
· Examples: Modulation, PMI, Rank etc.

· For dynamic parameters, the RAN4 decision could be to
· Either detect parameter blindly, or

·  Recommend subset restriction on the parameter to aid UE blind detection 

Proposal 2: Conclude and indicate to RAN1 on the detection/signaling of semi static parameters as first priority, following which conclusions can be made for dynamic parameters.
3 Semi-Static NAICS Parameters
3.1 List of Semi-Static Parameters
Among the parameters that were identified in the SI phase as necessary for NAICS receivers, the following fit into the category of semi-static parameters
· CRS Antenna Ports

· Physical Cell ID

· DMRS Antenna Ports

· DMRS PDSCH bandwidth

· MBSFN configuration

· Data-to-CRS-EPRE (PA & PB)

· Set of Possible Transmission modes
· CRS based TMs: TM 2/3/4
· DMRS based TMs: TM 8/9/10
· CSI-RS pattern

· Pattern

· Periodicity

· Virtual Cell ID Set

· CFI

· Resource Allocation Type

3.2 Criteria for Signaling versus Blind Detection

· Detection Complexity: The complexity of detection every time the operation is performed as well as the frequency with which the operation is performed needs to be taken into account. This is a function of the number of hypothesis that the blind UE needs to detect from. In some of the parameters listed above, the number of hypotheses is substantially large and impacts complexity significantly. Eg: CSI-RS pattern, VCID, PA etc.
· Although the variation of semi static parameters is relatively slow, some of the parameters may need to be detected for every subframe. 
· Performance Feasibility: 
· It has been shown from the previous meeting results that a receiver utilizing full blind detection of interferer parameters is feasible and can provide considerable gains as compared to Rel 11 defined LMMSE-IRC receiver at the link level. 

· Observation 1: Subset restrictions of semi static parameters (such as VCID, TPR, CSI-RS pattern) have the advantage of minimal to no throughput impact at the system level. However, restriction of dynamic parameters (such as modulation, rank and PMI) can have substantial impact on the system level throughput.
· Phase 1: In the companion papers [3][4], Phase-1 results are presented to show NAICS gains with full blind detection of interferer parameters for high / low MCS with median and strong interferer profiles. 
· Phase 2: Depending on the scenario and the interferer loading profile, the gains at the median Es/Noc (for 5th – 25th percentile of geometry) range from 12% to 25% for fully blind R-ML based receivers and from 25% to 70% for fully blind SLIC based receiver. 
4 Partially Blind NAICS Receivers

In the following, we present a discussion on 

a) Semi-statically restricting the TPR, and 

b) Semi-statically signaling the subset of possible transmission modes

We present the link-level performance and impact on implementation complexity. We also present our views on the other possible semi-static assistance to the NAICS UE.

Observation 2: The complexity of detecting TM and TPR depends significantly on the number of hypotheses the receiver has to detect. Restrictions and/or semi-static assistance can thus reduce the complexity considerably. 
4.1 TPR Restriction/TM Subset Signaling
4.1.1 TPR restriction:
Proposal 2: Propose that Data to RS tone EPRE for QPSK with rank1 transmissions should follow the PA value, as it is currently the case for other modulation schemes.

Currently, PA can take 8 different values: Large variation can impact performance/complexity. 
Proposal 3: Propose to semi-statically restrict PA values to a smaller set to reduce UE complexity while potentially improving performance without loss of flexibility at the base station. Examples of such restrictions: {0dB, + 3dB, -3dB}

4.1.2 TM Subset Signaling:
Transmission modes determine the spatial scheme which in turn impact the number of hypotheses the UE has to blindly detect. However, different transmission modes provide flexibility to network operation as well. Considering the two facts, we propose the following

Proposal 4: If the set of possible transmission modes are limited in a network (For example, based on deployment etc.), then we propose to semi-statically signal the subset of possible TMs to reduce NAICS UE complexity. This can potentially improve performance, will certainly reduce UE complexity and do so without loss of flexibility at the base station.
· TM2 fallback mode: For any choice of TM deployed, TM2 fallback is always present. Therefore, TM2 is always one of the blind hypotheses.
· Examples of such TM subsets: {TM2, TM3} in case of a TM3 network, or a mixed CRS/DMRS case such as {TM2, TM3, TM9} or any such combination of TMs as dictated by the network deployment. 
· The key idea is to reduce the number of TM hypothesis at the blind NAICS UE when the information is available, without impacting network flexibility.
From the companion papers, we observe that TPR/TM restriction has very limited gains on top of the full-blind receiver, especially at lower serving SNR levels because the blind receiver is already able to achieve almost all of the NAICS gains. Gains of TM subset information could vary based on the scenarios considered and the blind detection reliability. For example: it was previously observed in [6] that TM2/TM3 restrictions showed some performance benefit.
5 Further Discussion on Semi-static NAICS Parameters
Resource Allocation Type: The UE could potentially see different interferers on each PRB-pair. With type-2 distributed allocation, the interferer could be different on each RB. However, in order to limit UE complexity, we propose the following.

Proposal 5: Propose that interferer allocation is the same across a PRB pair.

CSI-RS configurations: Currently, the periodicity of CSI-RS is variable – it can be scheduled on every 5th, 10th, 20th, 40th and 80th subframe etc. Moreover, several possibilities exist for the exact pattern used for CSI-RS (REs used to transmit CSI-RS). The numerous different hypotheses make it a challenging candidate for blind detection in terms of complexity. Therefore, we propose the following:
Proposal 6: Pattern: Propose to semi-statically restrict the configurations of the CSI-RS to reduce UE complexity while potentially improving performance.
Proposal 7: Periodicity: Propose to limit the periodicity of CSI-RS processes to one fixed value.
Both the above aspects can be signalled via higher layer signalling.

CFI: Control Span: The complexity of CFI detection is relatively less although it needs to be detected every subframe.
Proposal 8: Propose to blindly detect the CFI at NAICS UE.
MBSFN Configuration: The MBSFN configuration is proposed to be signalled to the UE. The MBSFN configuration itself does not change dynamically but still it needs to be detected every subframe and the complexity of detection can be relatively high. Moreover, the configuration is semi-static, making it a good candidate for semi-static signalling either with or without restriction.
Proposal 9: The MBSFN configuration is proposed to be semi-statically restricted and/or signalled to the NAICS UE.
Virtual Cell ID: The complexity of virtual cell ID detection can be significantly large given the number of hypotheses to be searched. Currently, there are 504 different hypotheses for the VCID and this makes detection extremely challenging. We propose to restrict to the number of virtual cell IDs to be commiserate with the expected number of RRHs within a macro cell region. 
Proposal 10: Propose to restrict the number of Virtual cell IDs to a limited set of values, upper bounded by the typical number of RRHs within a macro region.
6 Conclusions
In this contribution we discussed the options of the NAICS receiver taking into account the complexity, feasibility, and link level performance characterizations. 

Proposal 1: Rel-12 NAICS UE should not exhibit worse performance than Rel-11 MMSE-IRC performance for a given test condition, regardless of the nature of higher layer signaling.
Proposal 2: Conclude and indicate to RAN1 on the detection/signaling of semi static parameters as first priority, following which conclusions can be made for dynamic parameters.

Other Proposals on Semi-static NAICS Parameters are summarized in the following table:
	Parameter
	Proposal
	Comments

	Transmission Mode
	Blind Detection (with semi static signaling of TM subset to NAICS UE as allowed by deployment)
	· Mixed CRS/DMRS TMs can be blindly detected by NAICS UEs
· TM2 fallback should always be detected. 

	Data to CRS EPRE
	Blind Detection from Reduced Set 

· Limit set of PA to 3 values Eg: {0 dB, -3 dB, -6 dB}
	· QPSK + Rank1 transmissions should follow PA values

	CRS Antenna Ports
	Blind Detection
	

	DMRS Antenna Ports
	Blind Detection
	

	DMRS PDSCH Bandwidth
	Blind Detection
	Information on RB bundling may be signaled when possible

	Virtual Cell ID
	Subset Restriction 
	Restrict to limited values, determined by number of RRHs

	CSI-RS Pattern
	- Subset Restriction of Pattern
- CSI-RS Periodicity to a  common value
	Semi-statically signal the pattern and periodicity of CSI-RS

	MBSFN Configuration 
	Semi-Statically Signaled 
	

	CFI
	Blind Detection
	

	Resource Allocation Type
	Restriction to ensure same interference properties across PRB pair
	Significantly reduces blind detection complexity by ensuring same properties across PRB pair
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