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1 Introduction
The following working assumptions were agreed on network-assisted signaling for advanced interference cancellation/suppression receivers in RAN1#69bis:

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 further provide our views on higher-layer signalling for NAICS receivers.
2 Discussion
2.1. Impact of higher-layer scheduling

Interference parameters can be signalling by the network, through UE blind detection, or a combination thereof.  A comparison of these methods is provided below:

Table 1: comparison of network signaling and UE blind decoding

	
	Higher-layer signaling (HL)
	UE blind detection (BD)
	HL signaling a subset of interference parameters

	Pros
	Low UE blind detection complexity
	Low scheduler impact
	Tradeoff between scheduler restriction and UE complexity

	Cons
	High scheduling restriction


	High UE complexity
	


The premise of HL-signaling is that the signalled interference and the actual received interference are consistent. In reality, the source of interference changes dynamically from subframe to subframes and from PRB to PRB due to aggressor cell scheduling, leading to mismatches between higher-layer signalled interference and the actual interference. This mismatch may negatively impact interference cancellation/suppression accuracy as well as the overall system performance, which needs to be well studied with system-level evaluation by explicit modelling the scheduler behavior in a multi-user multi-cell context. This study however is largely incomplete in RAN1. The link-level NAICS performance gain in RAN4 is rather NAICS-friendly in the sense that the interference is assumed static in time/frequency domain (e.g. fixed wideband RI/MCS) and fails to capture the impact of dynamic bursty interference on system-level performance. It is recommended that realistic NAICS performance gain is validated by RAN1 system-level evaluation in a more systematic manner. 

Proposal 1: 
· NAICS signaling should take into account the impact on scheduler operation, system-level performance and realistic gain of NAICS receiver in a multi-user multi-cell context, by system-level simulation in RAN1.
2.2. Semi-static vs. dynamic interference parameters

Table 2: Categorization of interference parameters

	
	Interference property
	Interference parameters seen by victim UE

	Group 1
	Cell-specific

Wideband 
Semi-static
	· System bandwidth

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

· Cell-ID
· CRS ports
· MBSFN pattern
· ρB/ρA

	Group 2
	UE-specific

Narrowband 
Dynamic
	· CSI-RS configuration 

· Resource allocation granularity (e.g., a group of PRB or PRB pairs)

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

· QCL

· 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 list of candidate parameters for network signaling summarized in RAN1#76 is categorized into two groups in Table 2. Group 1 are cell-specific and wideband/semi-static parameters, while parameters in group 2 create interferences arising from user-specific and narrowband/dynamic scheduling. It is noted that some parameters, although semi-static/wideband for users in the aggressor cells, may create dynamic/narrow-band interference for victim users in the victim cell (e.g. CSI-RS, RA granularity, RA type, and ρA). NAICS signalling should focus on cell-specific and wideband/semi-static parameters as a starting point. UE-specific and narrowband/dynamic parameters should be given a lower priority after better understanding of interference burstiness and system performance are available.
2.2. Semi-static / cell-specific parameters

The list of cell-specific parameters for NAICS signaling is analyzed below:

· CRS ports, cell-ID: CRS configuration (i.e. Cell-ID, CRS ports) can be obtained with blind decoding of aggressor cell PSS/SSS/PBCH or signalled by higher-layer. Given that the CRS configuration is rather static, blind detection appears acceptable. If network signaling of CRS configuration is adopted, it is preferable to support all CRS configurations Rel.12 (c.f. [8]). 
· MBSFN pattern: Likewise, MBSFN pattern of the aggressor cell is blindly detectable with reasonable complexity/reliability. It is unclear if signaling of MBSFN subframe is necessary. 
· System bandwidth: In most typical deployment scenario, it may be assumed that the system bandwidths of aggressor and victim cells are identical. Therefore, no explicit signaling of neighboring cell system bandwidth is needed for NAICS. UE is allowed to assume that system bandwidth of aggressor cell is aligned with its serving cell.
· CP length: It may be assumed that the CP lengths of neighboring cells are identical in most typical deployment scenarios. Hence, no explicit signaling of neighboring cells is needed. UE is allowed to assume that CP length of aggressor cell is aligned with its serving cell.
· TDD aspects: TDD configurations of aggressor/victim cells may be different due to the introduction of TDD eIMTA in Rel.12. Similar to MBSFN subframe pattern, TDD configuration of aggressor cell is necessary to correctly perform interference cancelation/suppression in different subframes. This can be achieved through network signaling, UE blind decoding of PDCCH carrying eIMTA reconfiguration message in the aggressor cell, or estimation of CRS energy in various subframes/symbols. It is suggested that RAN1/RAN4 study these alternatives to ensure that NAICS receiver works reliably for TDD in Rel.12.
Proposal 2:

· Some cell-specific and wideband/semi-static parameters may be considered for higher-layer signalling.
· CRS configuration, MBSFN configuration could be considered.
· System bandwidth, CP length is not required.
· FFS for TDD configuration.

· Signalling of UE-specific and narrowband/dynamic parameters should be of low priority.
2.2. Dynamic/UE-specific parameters

The actual interference from aggressor cell is dynamic/narrowband, and is expected to be mismatched to the semi-static/wideband interference signalled by higher-layer. Completely eliminating the mismatch would require the aggressor cell scheduler to fall back to semi-static, frequency-flat scheduling which would severely limit the scheduler flexibility and system performance. Due to the dynamic nature of cellular communication, aggressor cell should be able to schedule users with different transmission configurations in the same subframe. For instance, users with different RA types and VRB mappings should be able to be scheduled in the same subframe. System information, paging and random access response utilizing distributed VRB mapping shall also co-exist with unicast data with localized VRB mapping in the same subframe. Users with different transmission modes or CRS/DMRS modulations should be able to be scheduled simultaneously. Clearly, network signaling/restriction of dynamic interference parameters would result in non-trivial scheduler impact, and it is not obvious whether the system-level performance loss can be compensated by the link-level NAICS gain. 
The reliability of UE blind detection is pending RAN4 inputs. If blind detection reliability is unacceptable (which does not appear to be the case per RAN4 studies), network signalling may be considered, depending on their importance for interference suppression. On the other hand, even if UE blind detection is less than perfect, the impact may very well be offset by the knowledge of frequency-selective interference (enable by blind detection), which higher-layer signalling cannot provide. 
As a conclusion, signalling of dynamic/UE-specific interference parameters should be given lower priority, contingent on more thorough system-level simulation with realistic UE blind detection reliability to be provided by RAN4.  If this is not possible in the Rel.12 timeframe, RAN1 should discuss alternatives to retain as much scheduler flexibility as possible, to make sure that the victim cell can overwrite the RRC-configured transmission property in a flexible manner.
Observation :
· At most wideband signalling is possible for higher-layer NAICS signalling, limiting the benefits of network signalling for NAICS.
· Interference obtained by blind detection can be frequency-selective, better reflecting the true nature of interference.
· The tradeoff of network-signaling vs. UE blind detection requires a thorough system-level evaluation in RAN1.
Proposal 3: 

· Trade off of network signalling vs. UE blind detection should be studied with system simulation in RAN1, with input from RAN4 on blind detection feasibility/reliability.
· Strive to reduce scheduler restriction on the aggressor cell. 

3 Conclusions
In this contribution, several aspects on the higher-layer signalling for NAICS receivers are discussed with the following observations and proposals.
Observations: 
· At most wideband signalling is possible for higher-layer NAICS signalling, limiting the benefits of network signalling for NAICS.
· Interference obtained by blind detection can be frequency-selective, better reflecting the true nature of interference.

· The tradeoff of network-signaling vs. UE blind detection requires a thorough system-level evaluation in RAN1.
Proposals: 
· NAICS signaling should take into account the impact on scheduler flexibility, system-level performance and realistic gain of NAICS receiver in a multi-user multi-cell context, by system-level simulation in RAN1.

· Some cell-specific and wideband/semi-static parameters may be considered for higher-layer signalling.
· CRS configuration, MBSFN configuration could be considered.
· System bandwidth, CP length is not required.

· TDD configuration is FFS.

· Signalling of UE-specific and narrowband/dynamic parameters should be of low priority.

· Strive to reduce scheduler restriction on the aggressor cell. 

· Trade off of network signalling vs. UE blind detection should be studied with system simulation in RAN1, with input from RAN4 on blind detection feasibility/reliability.
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