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1. Introduction
LTE-NR in-device coexistence is a key issue to resolve for MR-DC. In last meeting, RAN2/RAN3 agreed basic TDM/FDM solution for coordination between a MeNB cell and a SgNB cell in R3-174947. However, the coexistence issue may involve more than two cells, particularly in inter-modulation case. This paper proposes to extend the LTE-NR coordination mechanism to more scenarios.
2.  LTE-NR coexistence scenarios
A typical inter-modulation interference is: two cells generating inter-modulation interfere to a 3rd cell: 
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This scenario is not supported by last meeting agreed solution, which supports only two cells acting as interferer and interfered cells. 
Observation 1: Two cells generated inter-modulation interferes third cell cases are not covered by existing solution:
· Case 1: LTE_Cell1 + LTE_Cell2( NR_Cell

· Case 2: LTE_Cell   + NR_Cell2  ( NR_Cell1
· Case 3: LTE_Cell1 + NR_Cell    ( LTE_Cell2
· Case 4: NR_Cell1   + NR_Cell2  ( LTE_Cell.
(Note: “(” means interfere)

In X2/Xn setup, MN and SN exchanges configuration information of their member cells. From the information and UE radio capability, both SN and MN can infer the cell combinations with coexistence issues. Therefore, it is not necessary for MN to specify the SN cells in X2/Xn SN Addition/Modification Request. Similarly, in the SN to MN message over X2/Xn, e.g. SN Addition/Modification Request Ack, it is not necessary for SN to specify the MN cells.
Observation 2: With member cell configuration exchanged over X2/Xn setup and UE radio capability information, both MN and SN know the in-device coexistence issues: {cell combination, affected PRBs}.
Proposal 1: Add secondary EUTRA Cell ID and associated UL Coordination Information, DL Coordination Information into MeNB Resource Coordination Information, for case 1 and 3.
Proposal 2: Add secondary NR Cell ID and associated UL Coordination Information, DL Coordination Information into SgNB Resource Coordination Information, for case 2 and 4.
Theoretically, it is possible that there are more than one cell combinations with coexistence issues for a UE in DC. But, the probability is low. So, it is not necessary to add coexistence coordination list in X2/Xn. In case it really happens, the MN and SN can initiate X2/Xn procedure e.g. SN Modification procedure to coordinate for the other cell combinations.
Proposal 3: In case there are more than one coexistence issue (cell combination), MN and SN can further coordinate by e.g. SN Modification procedure. 
3. Standard changes
In X2 spec (36.423), the MeNB Resource Coordination Information IE and SgNB Resource Coordination Information IE can be changed as shown in below tables. Similar changes can be made for Xn spec.
With second cell in MN/SN Resource Coordination Information IE, the three cells can coordination radio resource together. If the “Second UL Coordination Information” is not included, the receiving side should think the second UL coordination information is same as “UL Coordination Information”. Same rule applies to Second DL Coordination Information.
	MeNB Resource Coordination Information
	
	0..1
	
	Information used to coordinate resources utilisation between MeNB and SgNB
	EACH
	Ignore

	>EUTRA Cell ID
	M
	
	ECGI

9.2.14
	
	–
	–

	>UL Coordination Information
	M
	
	BIT STRING (6..4400, …)


	Each position in the bitmap represents a PRB in a subframe; value “0” indicates "resource not intended to be used for transmission", value “1” indicates "resource intended to be used for transmission ". Each position is applicable only in positions corresponding to UL subframes.

The bit string may span across multiple contiguous subframes (maximum 40).

The first position of the UL Coordination Information corresponds to subframe 0 in a radio frame where SFN = 0.
The length of the bit string is an integer multiple of 
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 is defined in TS 36.211 [10].

The UL Coordination Information is continuously repeated.


	–
	–

	>DL Coordination Information
	O
	
	BIT STRING (6..4400, …)


	Each position in the bitmap represents a PRB in a subframe; value “0” indicates "resource not intended to be used for transmission", value “1” indicates "resource intended to be used for transmission ". Each position is applicable only in positions corresponding to DL subframes.

The bit string may span across multiple contiguous subframes (maximum 40). The first position of the DL Coordination Information corresponds to the receiving node’s subframe 0 in a receiving node’s radio frame where SFN = 0.
The length of the bit string is an integer multiple of [image: image4.png]
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 is defined in TS 36.211 [10].

The DL Coordination Information is continuously repeated.


	–
	–

	>Second EUTRA Cell ID
	O
	
	ECGI

9.2.14
	The second EUTRA Cell ID of either interfering cell or interfered cell. In case of interfering cell, it generates intermodulation interference together with the cell identified by EUTRA Cell ID. In case of interfered cell, it is interfered by the cell identified by EUTRA Cell ID and a NR cell generated inter-modulation.
	–
	–

	>Second UL Coordination Information
	O
	
	BIT STRING (6..4400, …)


	Each position in the bitmap represents a PRB in a subframe; value “0” indicates "resource not intended to be used for transmission", value “1” indicates "resource intended to be used for transmission ". Each position is applicable only in positions corresponding to UL subframes.

The bit string may span across multiple contiguous subframes (maximum 40).

The first position of the UL Coordination Information corresponds to subframe 0 in a radio frame where SFN = 0.
The length of the bit string is an integer multiple of 
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 is defined in TS 36.211 [10].

The UL Coordination Information is continuously repeated.


	–
	–

	>Second DL Coordination Information
	O
	
	BIT STRING (6..4400, …)


	Each position in the bitmap represents a PRB in a subframe; value “0” indicates "resource not intended to be used for transmission", value “1” indicates "resource intended to be used for transmission ". Each position is applicable only in positions corresponding to DL subframes.

The bit string may span across multiple contiguous subframes (maximum 40). The first position of the DL Coordination Information corresponds to the receiving node’s subframe 0 in a receiving node’s radio frame where SFN = 0.
The length of the bit string is an integer multiple of [image: image8.png]
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 is defined in TS 36.211 [10].

The DL Coordination Information is continuously repeated.


	–
	–


	SgNB Resource Coordination Information
	
	0..1
	
	Information used to coordinate resources utilisation between SgNB and MeNB
	EACH
	ignore

	>NR-CGI
	M
	
	9.2.bb
	
	–
	–

	>UL Coordination Information
	M
	
	BIT STRING (6..4400, …)


	Each position in the bitmap represents a PRB in a subframe; value “0” indicates "resource not intended to be used for transmission", value “1” indicates "resource intended to be used for transmission ". Each position is applicable only in positions corresponding to UL subframes.

The bit string may span across multiple contiguous subframes (maximum 40). The first position of the UL Coordination Information corresponds to the receiving node’s subframe 0 in a receiving node’s radio frame where SFN = 0.
The length of the bit string is an integer multiple of 
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is defined in TS 36.211 [10].

The UL Coordination Information is continuously repeated.


	–
	–

	>DL Coordination Information
	O
	
	BIT STRING (6..4400, …)


	Each position in the bitmap represents a PRB in a subframe; value “0” indicates "resource not intended to be used for transmission", value “1” indicates "resource intended to be used for transmission ". Each position is applicable only in positions corresponding to DL subframes.

The bit string may span across multiple contiguous subframes (maximum 40). The first position of the DL Coordination Information corresponds to the receiving node’s subframe 0 in a receiving node’s radio frame where SFN = 0.
The length of the bit string is an integer multiple of [image: image12.png]
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 is defined in TS 36.211 [10].

The DL Coordination Information is continuously repeated.


	–
	–

	>Second NR-CGI
	O
	
	9.2.bb
	
	–
	–

	>Second UL Coordination Information
	O
	
	BIT STRING (6..4400, …)


	Each position in the bitmap represents a PRB in a subframe; value “0” indicates "resource not intended to be used for transmission", value “1” indicates "resource intended to be used for transmission ". Each position is applicable only in positions corresponding to UL subframes.

The bit string may span across multiple contiguous subframes (maximum 40). The first position of the UL Coordination Information corresponds to the receiving node’s subframe 0 in a receiving node’s radio frame where SFN = 0.
The length of the bit string is an integer multiple of 
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is defined in TS 36.211 [10].

The UL Coordination Information is continuously repeated.


	–
	–

	>Second DL Coordination Information
	O
	
	BIT STRING (6..4400, …)


	Each position in the bitmap represents a PRB in a subframe; value “0” indicates "resource not intended to be used for transmission", value “1” indicates "resource intended to be used for transmission ". Each position is applicable only in positions corresponding to DL subframes.

The bit string may span across multiple contiguous subframes (maximum 40). The first position of the DL Coordination Information corresponds to the receiving node’s subframe 0 in a receiving node’s radio frame where SFN = 0.
The length of the bit string is an integer multiple of [image: image16.png]
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 is defined in TS 36.211 [10].

The DL Coordination Information is continuously repeated.


	–
	–
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