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1. Introduction
A work item on NAICS was agreed at RAN#63 [1] in which the RAN1 detailed objectives include:

· (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:
· RAN4’s input and conclusion on the parameter combinations that could be blindly detected jointly, including if under any subset restriction for any parameters
· The system impact of higher-layer signalling or network coordination, including signalling overhead and the performance impact of any scheduling restriction due to subset restriction.
· (RAN1) Investigate CSI enhancements for NAICS receivers; if necessary specify the identified enhancements.

· (RAN1) Depending on the conclusion for blind detection under higher-layer signalling, dynamic signalling from an interference or a serving cell can be evaluated.
From the WID, it is evident that the RAN1 work on higher-layer signaling may depend on the outcome of the RAN4 evaluations on blind detection. In this contribution we discuss scenario aspects for the specification work and propose a set of working assumptions on higher-layer signaling of identified interfering parameters [2]. 
2. Discussion
2.1. NAICS scenario refinements
Before discussing any detailed solutions on network assisted signaling for NAICS, RAN1 should first refine the deployment scenarios in [2] to better target the specification work. It is clear from the results of the study item that the benefits of NAICS vary substantially according to how the network is configured / deployed.  Therefore, simulation parameters such as the following should be clarified so that the performance of NAICS alternatives can be evaluated in the work item phase, and to ensure that NAICS operation that is ultimately specified is sufficiently robust to varying network conditions:
Table 1 Scenario Parameters
	Parameter
	Proposal
	Comments

	Cell ID assignment:

· Among cells of a macro site and between macro sites 

· To small cells associated with a macro site
	· Macro cell IDs are planned 

· Small cell IDs are randomly allocated
	TM4 NAICS performance results in particular will be very difficult to align if cell ID assignment methods vary significantly.

	BLER target for RAN1 simulations
	10%
	A common BLER target should help to align simulation results between companies.  A 10% BLER target would be in line with RAN4 phase 2 link simulations. 

	FTP Packet Size
	0.1, 0.5 Mbytes
	Packet sizes < 0.5 Mbytes should be evaluated in the NAICS WI.  NAICS should be robust and still function when the network serves bursty data traffic.


2.2. Scenarios with mixed CRS/DMRS operation

Ever since Rel-10, much of the evolution of LTE has revolved around DMRS operation for FDD as well as for TDD with currently TM10 as the latest transmission mode using DMRS. At least current FDD networks are however typically using CRS based transmission modes, e.g. TM3/4. In order to allow such networks to in the future also utilize the enhancements provided by TM10 it is imperative that the introduction of DMRS based transmissions does not reduce the performance of existing UEs. This makes it clear that a UE supporting NAICS for TM3/4 also needs to be able to mitigate interfering PDSCH signals using DMRS to avoid that those UEs are penalized when DMRS based TMs are introduced in the network. 
Observations
· Much of the LTE evolution assumes DMRS based transmission

· NAICS UEs using CRS based transmission modes need to continue being able to mitigate interference when DMRS is introduced in the network

· To avoid performance loss when DMRS based transmission are introduced

Proposal

· UEs supporting NAICS in CRS based transmission modes also need to be able to cancel/suppress DMRS based interferers according to NAICS principles

The mixed CRS-DMRS network issue exemplifies the general principle that the introduction of NAICS should not penalize one feature over another, thereby limiting deployment freedom. Another important example of this principle is provided in our companion paper [3] which highlights the importance that NAICs is supported also for the case of 4 CRS ports or else it risks reducing the gains of significant operator investments in additional antennas.
Observations
· The introduction of NAICS should avoid penalizing one network feature over another

· UEs supporting NAICS need to support NAICS for 1, 2, and 4 CRS ports (as explained in [3])
· Including mixed CRS port deployments, i.e. different number of CRS ports for different cells
2.3. Scenarios with RNTP operations

For the purpose of ICIC, RNTP was introduced in Rel-8 where an eNB may indicate over X2 DL power restriction per PRB in a cell. This could imply that an eNB can decide to transmit data to some UEs with reduced DL power in certain PRBs so that a victim UE may face different power levels in different PRBs. In the work item [4], enhancements of the RNTP will be discussed where the RNTP may in future also include the time-domain. In general, there is nothing today that prevents the eNB to transmit QPSK modulated data in CRS based transmission modes with an arbitrary power offset as PDSCH EPRE to CRS EPRE is effectively of interest only for transmissions with 16 QAM and 64 QAM. It is important that NAICS can support a vast range of scenarios with respect to DL power allocations. 
2.4. Working assumptions for higher-layer signaling
Some initial views on which parameters should be determined from blind detection (‘BD’) or for network assistance using higher layer (‘HL’) signaling should be provided are shown in Table 2 below. While RAN4 input is needed to finalize how the parameters are determined, it may be useful to set working assumptions so that RAN1 evaluations can continue.  Such working assumptions can be revised as RAN4 decisions become available.  The rationale for the parameter signaling assumptions can be found in RAN4 companion papers [5][6]
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[7][8].  Note that the network assistance will in general provide a list of values from which the UE will blindly detect the actual value used for the interferer’s transmission.  
Blind estimation of the parameters is assumed to be done using a minimum set of consecutive PRBs to be allocated for interferer scheduling purposes, without requiring any network restriction in terms of PDSCH resource allocation. The UE can autonomously detect when this condition applies, and so network scheduling is unrestricted (but should take into account that the UE will not have NAICS gain when the minimum consecutive PRBs are not scheduled on the UE’s interfering cells). 
Table 2 Proposed working assumptions for the interferer parameters
	Parameter
	NW assistance vs. BD
	Comment

	Resource allocation granularity
	Blindly detectable
	HL signaling can be considered after RAN4 feedback

	Resource allocation type
	Blindly detectable
	HL signaling can be considered after RAN4 feedback

	System bandwidth
	Blindly detectable
	Detected via PBCH of the interferer

	Synchronization indication
	Blindly detectable
	Given from cell search

	CSI-RS
	NW assistance
	If needed (see Note 1); Number of values FFS

	QCL
	NW assistance
	If needed (see Note 2); Number of values FFS 

	Cell ID
	Blindly detectable
	Given from cell search

	Virtual cell ID & scrambling ID
	NW assistance
	Number of values FFS

	CRS AP

	Blindly detectable
	Detected e.g. via PBCH or CRS AP hypotheses

	MBSFN pattern
	Blindly detectable
	Part of BD of TM and PDSCH presence

	Downlink power allocation
	NW assistance
	Number of values FFS 

	PMI & RI
	Blindly detectable
	

	Modulation order
	Blindly detectable
	

	PDSCH presence
	Blindly detectable
	

	Transmission mode
	Blindly detectable
	


Note 1: Assistance signaling may not be needed if it turns out to have minor impact on the demodulation of the interfering PDSCH. The signaling may also be conditional on QCL assistance signaling.

Note 2: Assistance signaling may not be needed if interferer channel properties can be derived solely from DMRS. 
As discussed in Section 2.2, this signaling will need to support deployments where cells have different numbers of CRS ports, and where a mixture of DMRS and CRS transmission modes are present. In general, NAICS signaling should be applicable to a vast range of network operation scenarios within both homogeneous and heterogeneous deployments, including shared cell operations.
3. Conclusion

We have discussed simulation and blind detection assumptions that can be used as starting points to develop higher layer signaling for NAICS. We then propose:

· Further refine the scenarios used for NAICS evaluation, setting values for parameters including:

· How cell IDs are assigned for the macro and small cells

· BLER target for RAN1 simulations

· A ‘burstier’ traffic setting, e.g. 0.1 Mbyte FTP model 1
· UEs supporting NAICS in CRS based transmission modes also need to be able to cancel/suppress DMRS based interferers according to NAICS principles.

· Use the signaling assumptions in Table 2 as working assumptions for further evaluation in RAN1

· The signaling supports deployments where cells have different numbers of CRS ports, and where a mixture of DMRS and CRS transmission modes are present.
4. References

[1] RP-140519, “Network Assistance Interference Cancellation and Suppression for LTE”
[2] TR36.866 V2.0.0, “Network-Assisted Interference Cancellation and Suppression for LTE”
[3] R1-141654, “4 Tx Antenna Support for NAICS”

[4] RP-132103, 3GPP Work Item Description, “Inter-eNB CoMP for LTE”

[5] R4-141513, “Blind detection of semi static parameters”

[6] R4-141499, “Blind detection of NAICS parameters for CRS-based TMs”

[7] R4-141502, “Blind detection of NAICS parameters for DM-RS-based TMs”

[8] R4-141508, “Summary of the proposal for blind detection”
