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1 Introduction
In the last RAN1 #75 meeting, the following agreements are reached on network signalling/coordination:
· Some transmission parameters are listed in the RAN4 agreed receiver assumption section of TR36.866, and include:
· Parameters that are higher-layer configured per the current specifications (e.g., TM, cell ID, MBSFN subframes, CRS antenna ports, PA, PB) 

· Parameters that are dynamically signalled per the current specifications (e.g., CFI, PMI, RI, MCS, resource allocation, DMRS ports, n^DMRS_ID used in TM10)
· Other deployment related parameters (e.g., synchronization, CP, subframe/slot alignment)
· Compared to requiring NAICS receivers to detect all interference parameters,  some network signalling/coordination can be beneficial for reducing receiver complexity and/or improve performance with increased robustness under intra-cell and inter-cell interference scenario
· The transmission parameters that can be considered for signalling and that for receiver detection are FFS
· Note that assistance signalling can be different from transmission parameters
· Some transmission parameters may be detected or corresponding signalling of those parameters may be introduced
· Such assistance signalling may use higher layers regardless of whether the associated transmission parameter is higher-layer configured or dynamic
· Some dynamic assistance signalling can be considered if sufficient system-level gain is shown, and some dynamic parameters may be coordinated, but with scheduling constraint, or detected or signalled or a combination of the three
· Other deployment related parameters may be coordinated or detected.
· Semi-static coordination signalling or coordination is suited for non-ideal backhaul 
· Dynamic coordination may be feasible only under ideal backhaul
· Other potential PHY impact needs further study (e.g., CSI feedback)
In this contribution, we discuss network assistance signalling for NAICS with consideration of the feasibility and performance impact. And network coordination for NAICS is discussed in our companion contribution [3].
2 Network assistance signalling for NAICS
Table 1 Transmission parameters of interfering signal for NAICS
	TM of the dominant interfering UE
	Information for channel estimation
	Information for resource allocation
	Information for demodulation
	Information for decoding
	Other

	TM1
	Cell ID,

CRS EPRE
	PRB allocation
	Modulation order
	MCS level,

nRNTI,
RV
	CP length,

System bandwidth,

CFI

	TM2
	Cell ID,

CRS antenna port number,

CRS EPRE
	PRB allocation
	Modulation order
	MCS level,

nRNTI,
RV
	CP length,

System bandwidth,

CFI

	TM3
	Cell ID,

CRS antenna number,

Number of layers,

CRS EPRE
	PRB allocation
	Modulation order,
PDSCH RE mapping information
	MCS level,

nRNTI,
RV
	CP length,

System bandwidth,

CFI

	TM4
	Cell ID,

CRS antenna port number,

PMI/RI,

CRS EPRE
	PRB allocation
	Modulation order
	MCS level,

nRNTI,
RV
	CP length,

System bandwidth,

CFI

	TM5
	Cell ID,

CRS EPRE,

Downlink power offset
	PRB allocation
	Modulation order
	MCS level,

nRNTI,
RV
	CP length,

System bandwidth,

CFI

	TM6
	Cell ID,

CRS antenna port number,

PMI,

CRS EPRE
	PRB allocation
	Modulation order
	MCS level,

nRNTI,
RV
	CP length,

System bandwidth,

CFI

	TM7
	Cell ID,

nRNTI
	PRB allocation
	Modulation order
	MCS level,

nRNTI,
RV
	CP length,

System bandwidth,

CFI

	TM8
	Cell ID,

DMRS scrambling ID
	PRB allocation
	Modulation order
	MCS level,

nRNTI,
RV
	CP length,

System bandwidth,

CFI

	TM9
	Cell ID,

DMRS antenna ports,
DMRS scrambling ID,

Number of layers
	PRB allocation
	Modulation order
	MCS level,

nRNTI,
RV,
CSI-RS position,

ZP-CSI-RS position
	CP length,

System bandwidth,

CFI

	TM10
	Cell ID,

DMRS antenna ports,

DMRS scrambling ID,

Number of layers
	PRB allocation
	Modulation order
	MCS level,

nRNTI,
RV,
CSI-RS position,

ZP-CSI-RS position,

CSI-IM positon,

QCL indicator
	CP length,

System bandwidth,

CFI

	MMSE-IRC receiver
	
	
	

	Symbol-level SIC/ML receiver
	
	

	Bit-level SIC/ML receiver with decoding
	


Table 1 shows that different transmission mode (TM) of the dominant interfering UE signal and/or the receiver type of interfered UE require different set of interference transmission parameters needed for IC/IS. As in Table 1, the parameters in blue are dynamically signalled from the serving cell to the UE per the current specifications, while the remaining parameters in black usually are higher-layer configured from the serving cell to the UE per the current specifications.

With ideal or quasi-ideal backhaul, information exchange on the interference transmission parameters between neighbouring cells is feasible. Hence, the semi-static or static interference transmission parameters can be signalled to the victim UE by network assistance RRC signalling of its serving cell. However, informing the victim UE by network assistance signalling in its serving cell about those dynamic interference transmission parameters would be prohibitive due to high dynamic signalling overhead in the victim cell.

Even in non-ideal backhaul situation, the semi-static or static interference transmission parameters could still be signalled to the victim UE by network assistance RRC signalling of its serving cell which obtains the interference information through the non-ideal backhaul from the interfering cell(s).

Proposal 1: Semi-static or static interference transmission parameters could be informed to the victim UE by network assistance RRC signalling of its serving cell.
Theoretically, blind detection can be used to obtain the interference transmission parameters. It would be beneficial in terms of saving signalling cost especially for those dynamic interference transmission parameters. However, the complexity of blind detection and the accuracy of the parameter estimation through blind detection should be studied and justified before solely relying on blind detection for NAICS receiver. Note that, part of the interference transmission parameters may be obtained by blind detection for some receiver type if performance/complexity justified. For instance, considering the constellation feature, for symbol-level SIC/ML receiver, the interferer’s modulation order may be blind detected. 
As aforementioned, it would be difficult or cost prohibitive to inform the victim about those dynamic interference transmission parameters by network assistance signalling in the victim cell. In the following, we discuss some alternative methods of network assistance signalling for interference transmission parameters especially for those dynamic interference transmission parameters.
Alt 1: the victim UE receives the parameters from PDCCH in common search space of interfering cell.

Advantage: not limited by non-ideal backhaul delay.

Disadvantage: as shown in Table 1, there’re many dynamic interference parameters. If PDCCH in common search space is used to carry these parameters, the PDCCH capacity will face a challenge and PDCCH in common search space may be spent too much to leave little to PDCCH in UE-specific search space. 

Alt 2: the victim UE receives the dynamic parameters directly from the interfering cell’s PDCCH associated with the interfering PDSCH of the interfering cell. For example, as in Figure 1, UE1 is served by eNB1 and interfered by UE2 from eNB2. UE1 receives and detects the DL grant associated with PDSCH2 of UE2 if UE1 suffers interference from PDSCH2 of UE2. UE1 will try to estimate the interference information based on the interference parameters contained in DL grant associated with PDSCH2 of UE2 and perform interference cancellation/suppression.

[image: image1.emf]eNB1 eNB2 UE1 UE2

DL grant associated 

with PDSCH 2

DL grant associated 

with PDSCH 2

PDSCH 2

Interfering PDSCH

(PDSCH 2)

PDSCH 1


Figure 1 Receiving parameters directly from PDCCH of the interfering cell
Advantage: not limited by non-ideal backhaul delay.
Disadvantage: the complexity of blind detection of PDCCH of the interfering cell at the victim UE increases dramatically, especially for the victim UE suffering two or more different interfering signals, in which case the victim UE has to bind detect three or more folds of PDCCH candidates. There’s some signalling overhead in the interfering cell.
Alt 3: the victim UE receives the interference parameters directly from the PDSCH of the interfering cell, which means that the victim UE should also receive and detect the PDCCH associated with the PDSCH carrying the interference parameters. For example, as in Figure 2, UE1 is served by eNB1 and interfered by UE2 from eNB2. UE1 receives and detects DL grant associated with PDSCH containing interference information from eNB2, based on the indication of which UE1 receives the associated PDSCH containing interference information from eNB2 if UE1 suffers the interfering from PDSCH2 of UE2. UE1 will perform interference cancellation/suppression using the interference information contained in the associated PDSCH containing interference information from eNB2. 
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Figure 2 Receiving parameters from PDSCH of the interfering cell
Advantage: not limited by non-ideal backhaul delay. Combining the parameters of many interfering UEs into one PDSCH can avoid too much dynamic signalling overhead and blind detection complexity.
Disadvantage: slight delay for the victim UE to obtain the interfering parameters. There’s some signalling overhead in the interfering cell.
Alt 4: The victim UE is configured by its serving cell to estimate the interfering information through muted REs in its serving cell. 

Advantage: simple and not limited by non-ideal backhaul.

Disadvantage: only interfering power or interfering covariance matrix could be estimated which may not be sufficient to for SIC or ML receiver to do IC/IS.

In summary, the dynamic signalling overhead and the blind detection complexity of Alt 3 is between Alt 1 and Alt 2. Considering that Alt 1 consumes too much dynamic signalling overhead and Alt 2 has too much blind detection complexity, Alt 3 may be a good tradeoff to indicate the interference parameters. For the receiver type other than SIC and ML, Alt 4 may be considered as well. 
Proposal 2: Network assistance signalling not limited by backhaul delay should be considered to indicate interference transmission parameters especially for dynamic interference transmission parameters.
3 Conclusion

In this contribution, we discussed the network assistance signalling for NAICS, and the following proposals were made: 

Proposal 1: Semi-static or static interference transmission parameters could be informed to the victim UE by network assistance RRC signalling of its serving cell.
Proposal 2: Network assistance signalling not limited by backhaul delay should be considered to indicate interference transmission parameters especially for dynamic interference transmission parameters.
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