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Introduction
In RAN #101-bis-e meeting, WF on CRS-IM receiver in scenarios with overlapping spectrum for LTE and NR [1] was approved and multiple agreements were reached on network assistance signalling topic. In this paper we provide our view on remaining open issues.
Discussion
In the previous RAN4 meeting the following agreement was reached on network assistance signaling of some interference parameters:
	· Need of CRS sequence information for LLR weighting
· Not restrict UE implementation, CRS sequence not needed from baseline receiver assumption for defining RAN4 minimum performance requirements
· By default, Cell ID information is not needed from RAN4 performance requirements aspect; Cell ID can be included into NWA signalling as optional. 
· FFS the maximum number of cell ID information 

· Whether UE needs to be indicated the CRS port number
· From RAN4 minimum performance requirements aspect, UE follow below default assumption without blind detection as baseline assumption 
· 4 CRS ports for scenario 2
· Aligned with serving cell for scenario 1  
· By default, number of CRS ports no need to be informed via signalling with following default assumption from RAN4 performance requirements aspect
· Number of CRS ports information can be included into NWA signalling (optional)
· CRS-IM requirements are not applicable if the default configuration is not valid and NWA signalling is not provided.

· v-shift information
· The baseline assumption: No need to introduce NWA signaling for v-shift information

· LTE cell presence and carrier frequency for scenario 2
· From RAN4 minimum performance requirements aspect, it’s not required to blind detect LTE carrier frequency information for CRS-IM receiver baseline assumption. 
· The information can be awared by following possible ways:
· For scenario 2, inter-RAT MO configuration information (LTE cell presence and carrier frequency) can be utilized to perform CRS-IM if configured by NW. 
· LTE cell carrier frequency information can be informed to UE by NWA signalling for scenario 2 (optional)
· If such information not conveyed to UE, UE not expected to enable CRS-IM receiver. 

· LTE channel bandwidth for scenario 2
· Option 1 (baseline assumption):
· For scenario 2, LTE channel bandwidth information can be awared by following possible ways:
· With inter-RAT MO configured, 1) UE can use PBCH decoding to obtain channel bandwidth information for CRS-IM if PBCH is within the configured measurement gap, or 2) UE can use power difference detection to obtain channel bandwidth information
· For UE capable of obtaining LTE CBW information by PBCH decoding and/or power detection, inter-RAT MO information is needed to perform CRS-IM otherwise UE not expected to perform CRS-IM.
· LTE channel bandwidth information can be informed to UE by NWA signalling (optional)
· For UE not capable of obtaining LTE CBW information by PBCH decoding and/or power detection, NWA signalling on LTE CBW is needed to perform CRS-IM otherwise UE not expected to perform CRS-IM.
· Separate capability will be introduced for UE capable of performing CRS-IM in scenario 2 without the above new NWA signalling on LTE channel bandwidth.
· Enabling CRS-IM receiver should not impact on existing RRM procedure and RRM requirements
· Other options are not precluded.


Based on these agreements we have the following assumptions on interference cell signals parameters and NWA signalling in case of LLR weighting CRS-IM receiver
Table 1. Summary of views on network assistance signalling.
	
	Scenario 1
	Scenario 2

	v-shift and/or Physical Cell ID
	Not provided
Physical Cell ID is optional field
	Not provided
Physical Cell ID is optional field

	MBSFN configuration
	Assume same as serving cell
If it is not the same than NWA signalling
	Assume no MBSFN configuration
If it is configured than NWA signalling

	CRS muting usage flag 
	Assume no CRS muting
If it is configured than NWA signalling
	Assume no CRS muting
If it is configured than NWA signalling

	Center of the LTE carrier
	Assume same as serving cell
If it is not the same than NWA signalling
	Inter-RAT MO or NWA signalling

	Bandwidth of the LTE carrier
	Assume same as serving cell
If it is not the same than NWA signalling
	Blind detection in case of configured Inter-RAT MO or NWA signalling

	Number of CRS antenna ports
	Assume same as serving cell
If it is not the same than NWA signalling
	Assume 4 CRS ports
If it is not the true than NWA signalling



Based on this table we can observe that all parameters are included in the NWA signalling and can be provided under certain conditions. Therefore, the details of NWA signaling design should be further discussed. In the previous RAN4 meeting the following agreement was reached:
	· Signalling design when the default NW configuration assumptions are NOT valid
· The signalling (when the default NW configuration assumptions are NOT valid) is [per serving cell], and further discuss the maximum number of interference cells can be signalled.


One of the options which we can consider is reusing of LTE NWA signalling design for CRS parameters:
	CRS-AssistanceInfoList-r13 ::=	SEQUENCE (SIZE (1..maxCellReport)) OF CRS-AssistanceInfo-r13

CRS-AssistanceInfo-r13 ::= SEQUENCE {
	physCellId-r13						PhysCellId,
	antennaPortsCount-r13				ENUMERATED {an1, an2, an4, spare1},
	mbsfn-SubframeConfigList-r13		MBSFN-SubframeConfigList			OPTIONAL,	-- Need ON
	...,
	[[	mbsfn-SubframeConfigList-v1430	MBSFN-SubframeConfigList-v1430		OPTIONAL	-- Need ON
	]]
}


In case such design is reused, we will have the following design of NR NWA signalling:

	[bookmark: _Ref95757699]Table 2. NWA signalling design Option 1

	CRS-AssistanceInfoList ::=	SEQUENCE (SIZE (1..maxCellReport)) OF CRS-AssistanceInfo

CRS-AssistanceInfo ::= SEQUENCE {
	physCellId					PhysCellId,										OPTIONAL
	carrierFreqDL				INTEGER (0..16383),								OPTIONAL
	carrierBandwidthDL			ENUMERATED {n6, n15, n25, n50, n75, n100},		OPTIONAL
	nrofCRS-Ports				ENUMERATED {an1, an2, an4},						OPTIONAL
	mbsfn-SubframeConfigList	EUTRA-MBSFN-SubframeConfigList					OPTIONAL
	crs-IntfMitigEnabled		ENUMERATED {enabled}							OPTIONAL
}



Another possible way is to have the sequence for each parameter:
	Table 3. NWA signalling design Option 2

	CRS-AssistanceInfo ::= SEQUENCE {
	physCellIdList				SEQUENCE (SIZE (1..maxCellReport)) OF PhysCellId,			OPT
	carrierFreqDLlist			SEQUENCE (SIZE (1..maxCellReport)) OF carrierFreqDL,		OPT
	carrierBandwidthDLlist		SEQUENCE (SIZE (1..maxCellReport)) OF carrierBandwidthDL	OPT
	nrofCRS-PortsList			SEQUENCE (SIZE (1..maxCellReport)) OF nrofCRS-Ports			OPT
	mbsfn-SubframeConfigList	
SEQUENCE (SIZE (1..maxCellReport)) OF EUTRA-MBSFN-SubframeConfigList	OPT
	crs-IntfMitigEnabledList	SEQUENCE (SIZE (1..maxCellReport)) OF crs-IntfMitigEnabled	OPT
}

carrierFreqDL				INTEGER (0..16383),
carrierBandwidthDL			ENUMERATED {n6, n15, n25, n50, n75, n100},
nrofCRS-Ports				ENUMERATED {an1, an2, an4},
crs-IntfMitigEnabled		ENUMERATED {enabled}




One of the benefits of such design is that in case NWA signalling is needed, but the parameters are same for all neighboring cells, which is possible for most of parameters except Cell ID, BS can provide one common information for these parameters and providing of multiple same values is not required.
Proposal 1:	Use one of the NWA signalling design options listed in Table 2 or 3.
As for maximum number of interference cells for which NWA signalling is provided, we can reuse assumptions from LTE and consider 8, because based on our understanding there is no big change in NR deployment structure in comparison to LTE.
Proposal 2:	Maximum number of interference cells, for which NWA signalling is provided, is equal to 8.
Another open question is NWA signalling granularity: per cell or per UE. Usually, per UE granularity is considered in case NWA signalling should be adopted depending on UE capability. The only parameter, which probably requires signalling depending on UE capability, is LTE channel bandwidth for Scenario 2. However, in case NWA signalling Option 2 (Table 2) will be used and LTE channel bandwidth is same for all neighboring cells, BS just needs to provide the one value with information about this parameter to all UEs (in case of per cell NWA signalling) or subset of UEs (in case of per UE signalling). We think that from network point of view it will be simpler to provide broadcast information to all UEs rather than checking the capability of each UE and adjust the signalling for each UE. Therefore, we suggest to consider per cell signalling. Also, based on above discussion, we suggest to consider signalling of LTE channel bandwidth as mandatory for Scenario 2 to enable CRS-IM processing.
Proposal 3:	Consider per Serving Cell granularity for NWA signalling.
Proposal 4:	Consider signalling of LTE channel bandwidth as mandatory for Scenario 2 to enable CRS-IM processing.
Conclusion
In this paper we provided our view on network assistance signalling for CRS-IM receiver for scenarios with overlapping spectrum for LTE and NR and made the following proposals:
Proposal 1:	Use one of the NWA signalling design options listed in Table 2 or 3.
	Table 2. NWA signalling design Option 1

	CRS-AssistanceInfoList ::=	SEQUENCE (SIZE (1..maxCellReport)) OF CRS-AssistanceInfo

CRS-AssistanceInfo ::= SEQUENCE {
	physCellId					PhysCellId,										OPTIONAL
	carrierFreqDL				INTEGER (0..16383),								OPTIONAL
	carrierBandwidthDL			ENUMERATED {n6, n15, n25, n50, n75, n100},		OPTIONAL
	nrofCRS-Ports				ENUMERATED {an1, an2, an4},						OPTIONAL
	mbsfn-SubframeConfigList	EUTRA-MBSFN-SubframeConfigList					OPTIONAL
	crs-IntfMitigEnabled		ENUMERATED {enabled}							OPTIONAL
}




	Table 3. NWA signalling design Option 2

	CRS-AssistanceInfo ::= SEQUENCE {
	physCellIdList				SEQUENCE (SIZE (1..maxCellReport)) OF PhysCellId,			OPT
	carrierFreqDLlist			SEQUENCE (SIZE (1..maxCellReport)) OF carrierFreqDL,		OPT
	carrierBandwidthDLlist		SEQUENCE (SIZE (1..maxCellReport)) OF carrierBandwidthDL	OPT
	nrofCRS-PortsList			SEQUENCE (SIZE (1..maxCellReport)) OF nrofCRS-Ports			OPT
	mbsfn-SubframeConfigList	
SEQUENCE (SIZE (1..maxCellReport)) OF EUTRA-MBSFN-SubframeConfigList	OPT
	crs-IntfMitigEnabledList	SEQUENCE (SIZE (1..maxCellReport)) OF crs-IntfMitigEnabled	OPT
}

carrierFreqDL				INTEGER (0..16383),
carrierBandwidthDL			ENUMERATED {n6, n15, n25, n50, n75, n100},
nrofCRS-Ports				ENUMERATED {an1, an2, an4},
crs-IntfMitigEnabled		ENUMERATED {enabled}





Proposal 2:	Maximum number of interference cells, for which NWA signalling is provided, is equal to 8.
Proposal 3:	Consider per Serving Cell granularity for NWA signalling.
Proposal 4:	Consider signalling of LTE channel bandwidth as mandatory for Scenario 2 to enable CRS-IM processing.
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