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1 Introduction
In RAN1#76, the following conclusions were reached on network signalling for NAICS receivers (c.f. [1])
Agreement:
· Further investigation of CSI enhancement is needed in order to ensure that NAICS receivers can achieve a user throughput gain

· Higher-layer signaling of parameters related to interference PDSCH could be beneficial to reduce the blind detection complexity or performance degradation
· It is not precluded at yet that some of the following candidate parameters may be blindly detected

· Candidate parameters for higher-layer signaling for further study both in RAN1 and RAN4 include

· 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
· 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)
It was also agreed that dynamic signalling from interference or a serving cell can be evaluated after conclusions on blind detection, conditions and assumptions including the physical channel and assumed content has been further discussed. In this contribution, we provide our views on higher-layer signalling of interference PDSCH parameters for NAICS receivers.
2 Discussion
For simplicity of discussion, the list of parameters summarized in the last meeting is categorized into two groups in Table 1. It is noted that some parameters (highlighted below), although semi-static/wideband from the intended user’s perspective, may appear as a dynamic/narrow-band interference signal from other cells, due to the scheduler operation.
Table 1: Categorization of interference parameters

	
	Interference property
	Interference parameters

	Group 1
	Wideband and/or Semi-static
	· System bandwidth

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

· Cell-ID
· CRS ports
· MBSFN pattern

	Group 2
	Narrowband and/or Dynamic
	· CSI-RS configuration (zero or non-zero power)

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

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

· QCL

· ρB/ρA
· 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)


2.1 Benefits of network signalling
Initial link-level simulation in RAN4 showed that knowledge of interference parameters is beneficial for interference cancellation/suppression, from a single user’s perspective. However, it should be noted that the link-level simulation is rather NAICS-friendly in the sense that the interference signal is assumed fairly static in both time and frequency domain (e.g. fixed wideband RI/MCS), and should be interpreted as an upper-bound of NAICS performance in the best case scenario In a more realistic deployment scenario with thousands of users interacting with each other, the source of interference is fundamentally bursty and unaligned in the frequency domain and cannot be sufficiently modelled by link-level simulation. Additionally, the non-trivial scheduler restriction imposed by the semi-static signalling has not been sufficiently considered in current link-level studies. Both of these factors may significantly affect the conclusions of realistic NAICS performance, and cannot be fully understood without careful system-level evaluations. However, RAN1 system-level evaluation of NAICS receiver is largely missing at this moment. 
Observation 1:

· NAICS gains in real-life deployment with bursty and frequency selective interference has not been fully evaluated.
· Scheduler restriction imposed by NAICS signaling is not yet evaluated.
· Very limited system-level evaluation so far. 
Proposal 1: 
· Realistic gain of network-signalling for NAICS should be justified by RAN1 system simulation.
2.2 Network signalling vs. UE blind detection 

The knowledge of interference parameters can either be signalled by the network, through UE blind detection, or a combination thereof.  There appears to be a good consensus in RAN4 that blind detection of interference parameters is possible for DMRS-based transmission. For CRS-based transmission, a common view on the feasibility and reliability of interference blind detection has not been reached, inferring that some network-signalling might be needed. 

Despite the frequency-selective nature of interference, per PRB higher-layer signalling is unrealistic due to the signaling overhead. As such, at most wideband signalling can be considered. This again reduces the potential benefits of higher-layer signalling for NAICS receivers since it does not match the frequency-selective property of interference in a multi-user context. On the contrary, UE blind detection is not subject to the wideband constraint as interference estimation can be performed at a per-PRB level, better exploiting the potential gain of NAICS receiver. 
The reliability of UE blind detection is pending RAN4 inputs. If the blind detection reliability is unacceptable (which does not appear to be the case per RAN4 studies), network signalling of some parameters may be considered, dependent on their importance for interference suppression. On the other hand, even if the UE blind detection is less ideal, the impact may very well be offset by the benefits enabled by frequency-selective knowledge of interference, which higher-layer signalling cannot provide. Lastly, it has been shown that the actual impact on PDSCH decoding performance may be quite marginal (c.f. [4]) even if blind detection is erroneous for some parameters.
As a conclusion, a decision between higher-layer signaling vs. blind detection should be contingent on more thorough system-level simulation, with realistic UE blind detection reliability to be provided by RAN4. 

Observation 2:
· At most wideband signalling can be considered for higher-layer NAICS signalling, which limits the benefits of network signalling for NAICS.
· Blind detection of interference can be per PRB, better reflecting the true nature of interference.
· The tradeoff of network-signaling vs. UE blind detection requires a thorough evaluation in RAN1/RAN4.
Proposal 2: 

· 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.

3 Conclusions
In this contribution, several aspects on the higher-layer signalling for NAICS receivers are discussed with the following observations and proposals.
Observations: 

· NAICS gains in real-life deployment scenario with bursty and frequency selective interference has not been fully evaluated.
· Scheduler restriction imposed by NAICS signaling is not yet evaluated.
· Very limited system-level evaluation so far. 

· At most wideband signalling can be considered for higher-layer NAICS signalling, which limits the benefits of network-signalling.
· Blind detection of interference can be per PRB, which better suits the interference property.

Proposals: 

· Continue RAN1 system level simulation to evaluate the realistic benefits of network-signalling for NAICS receiver.

· Trade off of network signalling vs. UE blind detection is to be evaluated through system-level simulation in RAN1, with input from RAN4 on blind detection feasibility/reliability.
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