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1
Introduction

The remaining RAN1 tasks on NAICS SI are to consider the feasibility of assistance signalling and system performance that takes into account corresponding signalling overhead. In this contribution we address network assistance options which can facilitate conveying the interferer’s characteristics to the UE and/or reducing the UE complexity.
2
Interference characteristics

The interference characteristics has been widely discussed in previous RAN1 and RAN4 [1] meetings. The RAN4 endorsed categorization of the interference parameters (shown in Table 1) is a multi-dimension problem as their nature is semi-static and dynamic while they facilitate interference cancellation in different receiver types such as symbol and codeword based IC. In addition, some of these parameters are transmission mode independent while they could be also grouped according to the reference symbol types used for the transmission that is CRS or DMRS. 
Table 1: Interference parameterization and time/frequency variability. 
	Detailed parameter
	Fx
	Tx 
	

	System bandwidth
	Wideband
	Semistatically configured
	Common to all receiver types and needed for ELMMSE-IRC except CFI

	Cell ID
	Wideband
	Semistatically configured
	

	Virtual cell ID
	PRB
	Subframe
	

	CRS AP
	Wideband
	Semistatically configured
	

	MBSFN configuration
	Wideband
	Semistatically configured
	

	CFI
	Wideband
	Subframe
	

	PDSCH allocation
	PRB
	Subframe
	

	PDSCH bandwidth for DM-RS
	 
	subframe
	

	TM
	PRB
	subframe
	

	DMRS APs
	PRB
	Subframe
	

	nSCID
	PRB
	Subframe
	

	PMI
	PRB
	subframe
	

	RI
	PRB
	Subframe
	

	Data to RS EPRE, PA
	PRB
	subframe
	

	Data to RS EPRE, PB
	Wideband
	Semistatically configured
	

	Modulation Order
	PRB  
	Subframe
	SLIC only

	CSI-RS presence and pattern
	Wideband
	Semistatically configured
	CWIC only

	MCS
	PRB
	Subframe
	

	RNTI
	PRB
	Subframe
	


The semi-static configuration of the parameters in Table 1 is with respect to the signalling of the PDSCH characteristics of a regular UE, however from an interference perspective some of these parameters can become dynamic. For example, CRS AP and cell ID are semi-statically configured when the interested UE gets such signalling, however a NAICS UE could experience dominant interference coming from different cells in every TTI, or at least with a higher change rate with respect to the nature of semi-static signalling. 

3
Network assistance options
Conveying the interferer’s characteristic to the UE is possible in multiple forms. At the expense of increased UE complexity and with potential reliability and performance constraints, the blind estimation of parameters is one solution which we discuss in a separate contribution [2]. In the sequel, we address several network assistance options in terms of signaling.
The following clarifications are needed before proceeding further. In the next subsections the main intention is to discuss various options in terms of the feasibility of a dynamic interference signaling container, hence a ‘NAICS DCI’. The information to be further considered in such a NAICS DCI is pending on the RAN4 outcome with respect to the reliability of blind parameter estimation. The current discussion is also made in the light of the endorsed observation that some network signaling/coordination can be beneficial for reducing receiver complexity and/or improve performance with increased robustness under intra-cell and inter-cell interference scenarios.
When considering network signaling, aggressor interference information can be transmitted to the NAICS UE, for the purpose of IC/IS in several ways which we will discuss further. 

3.1 Accessing the interferers’ PDCCH

The control information characterizing the PDSCH which is target for IC/IS is transmitted by the interfering cells, hence if the NAICS UEs would access such control information the interfering PDSCH IC/IS is enabled from a signaling perspective. The CRC of the aggressor PDCCH is scrambled by UE specific C-RNTI (UE ID), hence getting access to aggressor PDCCH would require the knowledge of the C-RNTI, aka UE ID of the scheduled UE. The signaling of the C-RNTI to the NAICS UE would need to be dynamic, in order to match the dynamic nature of the PDSCH interference and the potential dynamic change of interfering UE.
Observations:

· Accessing the interferer’s PDCCH requires the knowledge of C-RNTI for interfering UEs. 
· Interferer’s C-RNTI needs to be dynamically signaled to the NAICS UEs.

The aggressor C-RNTI may reach the NAICS UE from either the serving or the interfering eNB. The first option implies that the aggressor C-RNTI is signaled from the interfering eNB to the serving eNB via the backhaul connecting these two eNBs. In NAICS scenarios 1 and 2b this is possible as in one case the information is located in same eNB while in the other case the information is transmitted through fiber. Scenario 2a cannot support this operation as signaling the aggressor C-RNTI through a non-ideal connection would impact the dynamic nature of the NAICS IC/IS operation. 

Observations:

· Signaling the aggressor C-RNTI from the serving cell implies transmitting the aggressor C-RNTI over the backhaul.

· Scenarios 1and 2b can support such operation while scenario 2a does not efficiently support such signaling.
A second alternative is to signal the interfering C-RNTI from the interfering eNB. This option would work in all scenarios as the aggressor C-RNTI does not have to be transmitted over the backhaul. The interfering C-RNTIs can be transmitted via a NAICS DCI, this operation being followed by interferer’s PDCCH decoding. Note that the NAICS DCI could contain the aggressor C-RNTI of multiple aggressor UEs and could be directed to multiple NAICS UEs, i.e. type of broadcasting the C-RNTIs of (all) the aggressor UEs to all the NAICS UEs. This would on one hand multiply the control channel decoding/blind search complexity of the NAICS UE for decoding the aggressor’s PDCCHs by the number of indicated C-RNTIs. Furthermore, the C-RNTI is 16 bits, which is not an insignificant amount of bits to be transmitted in itself resulting in rather large NAICS DCI sizes containing several different aggressor UEs C-RNTIs which might create decoding reliability issues at the NAICS UE considering the available PDCCH/EPDCCH aggregation levels. The decoding of interfering UE DCI can start only after the decoding of the NAICS DCI from the interference cell which contains a list of DCIs of scheduled UEs. The implication for control channel demodulation time needs further study.
Observations:

· Signaling the aggressor C-RNTI from the interfering cell is backhaul delay agnostic. 

· A NAICS DCI would convey the aggressor C-RNTIs to the NAICS UEs.

· The NAICS DCI size depends on the number of aggressor C-RNTIs which needs to be signaled.

· The size of NAICS DCI equals <# of aggressor UEs> times 16 bits.

· NAICS UE blind decoding of control channel is increased. 

3.2 Dynamic signaling of interfering parameters from the serving cell

The aggressor eNB can send the interference characteristics over X2 interface to the serving eNB while the serving eNB can further signal to the NAICS UE the interference characteristics. This is possible by either embedding the interference information into a modified legacy DCI message containing also the characteristics of the serving transmission or by creating a separate NAICS DCI message(s) containing only interference characteristics. Having one modified legacy DCI message containing both serving and interference information (hence a joint scheduling and NAICS DCI) would not increase the number of blind decodings, however would not easily scale in terms of information when it comes to the serving rank and number of interferers to be cancelled. Having a separate NAICS DCI in addition to the legacy scheduling DCI would increase the number of blind decodings. 
A NAICS DCI can be UE specific or broadcast, from a system perspective the first option could create a problem when it comes to the control channel capacity. Dynamic signaling from the serving cell is possible in NAICS scenario 1 as the information is located in the same eNB. In scenario 2b, if the backhaul is ideal, even small delays can impact the interference characteristics. Scenario 2a cannot support this dynamic signaling operation as the larger backhaul delays would make irrelevant such signaling information and hence greatly affect the IC/IS efficiency. For example the scheduling decisions and information like CSI feedback (in the form of PMI/RI) are typically short term information and hence very sensitive to delay. 
Observations:

· Dynamic signaling the aggressor interference characteristics from serving cell: 
· Partially supports NAICS scenarios. 

·  NAICS scenario 1can be supported
·  In NAICS scenarios 2b and 2a it is expected to diminish the IC/IS efficiency, to a larger extent in the later case.
· If interference characteristics and serving cell information is contained in one DCI:

· There is a limitation in terms of serving rank and number of canceled interferers as the payload is limited.
· Legacy number of blind decodings can be used.

· If a new, additional DCI is constructed for the interference characteristics (NAICS DCI):

· The numbers of blind decoding attempts is increased as NAICS and legacy DCI need to be decoded per UE. 
· Control channel capacity may become a bottleneck – especially in case of dedicated/UE specific NAICS DCI.

3.3 Dynamic signaling of the interfering parameters from the interfering cell

The aggressor/interfering eNB can send the interference characteristics of the aggressor UE directly to the NAICS UE [4]
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[7]. This solution can avoid sending the interference characteristics information over the X2 to the serving eNB, hence avoiding the delays of X2 interface. On the other hand it requires the capability of the NAICS UE to decode such interference information. The interference information can be transmitted in a dedicated or broadcast form. Creating a direct communication link between the NAICS UE and the aggressor eNB would consume resources from the aggressor eNB. Utilizing only one NAICS DCI targeting NAICS UEs attempting IC of interference from that eNB, i.e. operating in a broadcast NAICS DCI manner, would minimize the impact on interfering eNB control channel capacity, however the payload would be quite limited as this DCI message would need to attain very good coverage. Alternatively, the NAICS interference information can be signaled in a dedicated way to NAICS UEs. This option would create a bottleneck on control channel capacity in the interfering eNB. In addition, in case of dedicated/UE specific NAICS signaling, the interfering eNB needs to pair the NAICS DCIs with the victim UE. Such an operation may be challenging over the X2 interface, hence it would not operate efficiently in non-ideal backhaul scenarios. In terms of decoding these control messages, the first option would require a single, cell specific NAICS RNTI while the second option would require multiple NAICS RNTIs for different users, however from the NAICS UE perspective this needs to be obtained from the serving eNB. Both options would get an advantage if the aggressor eNB is aware of the IC/IS capability of the NAICS UEs so that the control channel information is properly scaled or NAICS DCI signaling is suspended in case no NAICS UEs are active in the neighboring cells. 
Observations:

· Dynamic signaling the aggressor interference characteristics from interfering cell: 

· If interference information is contained in one broadcast NAICS DCI targeting all UEs:

· Supports all NAICS scenarios
· There is a limitation in terms of information which can be signaled. This needs to be compensated through blind detection and/or coordination and/or parameter restriction.
· The impact on control channel capacity is minimal. 
· If interference information is contained in dedicated NAICS DCIs targeting dedicated UEs:

· As backhaul coordination is needed, not all NAICS scenarios are supported.
· Control channel capacity of the interfering eNB becomes a bottleneck.
· Both signaling options imply double blind decoding complexity compared to legacy.

3.4 Higher layers signaling of the interfering parameters 
One other possibility is to provide assistance signaling only though higher layers regardless of whether the associated transmission parameters have been higher layer configured or dynamic. Such signaling would prohibit the utilization of dynamic signaling and make use, to a large extent, of blind UE detection of interference parameters and/or fixing some parameters through scheduling restrictions. One assumption can be that currently higher layer configured parameters would continue to be signaled in that manner. It has been mentioned [3] that through parameter restriction and higher layer signaling, one can further reduce the complexity of blind detection. A prerequisite of this observation would be that all dynamic parameters are estimated blindly. Hence, the utilization of higher layer signaling does not reveal the full potential of reducing the blind detection UE complexity. It should be noted that in order to allow dynamically signaled parameters to be signaled by higher layers, one needs to impose network restrictions whose impact on system performance should be evaluated in practice. 
Observations:

· Semi-static signaling the aggressor interference characteristics: 

· Relies to a very large extent on blind interference parameter detection of the UE. 

· Increases the UE complexity.
· Imposes restriction on network operation as the latency due to imposing higher layer signaling on dynamic parameters is one form of network coordination.
4
Discussion
From previous description of signalling schemes (whose key characteristics are summarized in Table 2), the following design criteria needs to be particularly taken into account:
· Complexity of the control channel decoding.
· Capacity of the control channel in both serving an interfering eNB.

· Need for fast X2 information exchange or alternatively scheduling coordination.
· Reliability of the signalling schemes.

· Scalability of the signalling schemes with respect to the NAICS scenarios.

Table 2: Schemes summary with respect to the above design criteria.
	Signalling options
	NAICS UE blind decoding and blind detection complexity
	Applicable NAICS scenarios

	Accessing interfering PDCCH
	High
	In all scenarios

	Dynamic Signalling from serving cell


	Separate scheduling DCI and NAICS DCI 
	Scenario 1fully
Scenario 2b: limited
Scenario 2a: very limited

	
	Joint scheduling and NAICS DCI
	

	Dynamic Signalling from interfering cell
	NAICS DCI broadcast
	In all scenarios

	
	NAICS DCI-to-UE
	Scenario 1 and 2b: fully
Scenario 2a: very limited

	Higher layer signalling
	UE blind detection complexity higher than above techniques
	In all scenarios


The following general observations can be drawn:
· If dynamic signalling is introduced, a new DCI format seems appropriate.
· Broadcast dynamic signalling from the interfering cell is one solution scaling across all NAICS scenarios.

· Higher layer signalling needs to rely to a large extent on blind UE processing while does not necessarily reduces the UE complexity.

· There is a trade-off in UE complexity when considering a) increased blind decoding of NAICS DCI at the benefit of robust interference characteristics vs. b) increased blind estimation of interference characteristics without the aid of signalling. 
5
Conclusions

In this contribution we have been presenting several options for providing dynamic network assistance to the NAICS UE. Dynamic signalling of interfering parameters is possible from the serving cell or from the interfering cell. The signalling can be also dedicated, broadcast or appended in legacy DCIs.

The following general observations can be drawn:

· If dynamic signalling is introduced, a new DCI format seems appropriate.
· Broadcast dynamic signalling from the interfering cell is one solution scaling across all NAICS scenarios.

· Higher layer signalling needs to rely to a large extent on blind UE processing while does not necessarily reduces the UE complexity.

· There is a trade-off in UE complexity when considering a) increased blind decoding of NAICS DCI at the benefit of robust interference characteristics vs. b) increased blind estimation of interference characteristics without the aid of signalling. 
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