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1. Introduction
In RAN3 a discussion is ongoing on coordination of interference for different channels between LTE and NR. PRACH coordination is one of the topics in question.
The scenarios presented are mostly described in [1]. 
In this paper we will analyse the scenarios that have been presented and determine whether any gap in the currently specified features exist.

Before moving to the scenarios analysis, it is worth identifying the features already present for resource coordination.

NG-RAN
In the NG-RAN the following procedures are available to achieve resource coordination:

Quoting from TS38.423:
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The purpose of the E-UTRA – NR Cell Resource Coordination procedure is to enable coordination of radio resource allocation between an ng-eNB and a gNB that are sharing spectrum and whose coverage areas are fully or partially overlapping. During the procedure, the ng-eNB and gNB shall exchange their intended resource allocations for data traffic, and, if possible, converge to a shared resource. The procedure is only to be used for the purpose of E-UTRA – NR spectrum sharing.
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The MR-DC Resource Coordination Information IE is used to coordinate resource utilisation between the M-NG-RAN node and the S-NG-RAN node. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	CHOICE NG-RAN Node Resource Coordination Information
	M
	
	
	

	>EUTRA
	
	
	
	

	>>E-UTRA Resource Coordination Information
	
	
	9.2.2.34
	E-UTRA resource coordination information

	>NR
	
	
	
	

	>>NR Resource Coordination Information
	
	
	9.2.2.35
	NR resource coordination information
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This IE indicates the resources allocated for E-UTRA DL and UL reference and control signals (hereby referred to as protected resources). This information is used in the process of E-UTRA – NR Cell Resource Coordination.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Activation SFN
	M
	
	INTEGER (0..1023)
	Indicates from which SFN of the receiving node the resource allocation is valid.

	Protected Resource List
	
	1
	
	The protected resource pattern is continuously repeated, and it is valid until stated otherwise or until replaced by a new pattern. The pattern does not apply in reserved subframes.

	>Protected Resource List Item
	
	1..<maxnoofProtectedResourcePatterns>
	
	Each item describes one transmission pattern. A pattern may comprise several control signals.

	>>Resource Type
	M
	
	ENUMERATED (downlinknonCRS,CRS,uplink, …)
	Indicates whether the protected resource is E-UTRA DL non-CRS, E-UTRA CRS or E-UTRA UL. 

	>>Intra-PRB Protected Resource Footprint
	M
	
	BIT STRING (84, …)

	The bitmap of REs occupied by the protected signal within one PRB. Each position in the bitmap represents an RE in one PRB; value "0" indicates "resource not protected", value "1" indicates "resource protected ". The first bit of the string corresponds to the RE with the smallest time and frequency index in the PRB, where the indexing first goes into the frequency domain. The length of the bit string equals the product of  and the length of PRB in time dimension, measured in REs.  is defined in TS 36.211 [10]. The intra-PRB pattern consisting of all "1"s is equivalent to PRB-level granularity. 

	>>Protected Footprint Frequency Pattern
	M
	
	BIT STRING(6..110, ...)
	The bit string indicates in which PRBs inside carrier bandwidth the Intra-PRB Protected Resource Footprint applies. How often in time dimension this frequency pattern applies, depends on time periodicity of Intra-PRB Protected Resource Footprint. The first bit of the bit string corresponds to the PRB occupying the lowest subcarrier frequencies of the carrier bandwidth, where the indexing first goes into the frequency domain. Each position in the string represents a PRB; value "0" indicates " Intra-PRB Protected Resource Footprint does not appear in PRB", value "1" indicates "Intra-PRB Protected Resource Footprint appears in PRB". The length of the bit string equals the number of PRBs in the carrier bandwidth. 

	>>Protected Footprint Time Pattern
	M
	
	
	The description of time periodicity of the Intra-PRB Protected Resource Footprint.

	>>>Protected Footprint Time-periodicity
	M
	
	INTEGER(1..320, ...)
	Periodicity with which the periodic Intra-PRB Protected Resource Footprint repeats in time-dimension (1= every PRB (i.e. slot), 2=every other PRB (i.e. slot) etc.

	>>>Protected Footprint Start Time
	M
	
	INTEGER(1..20, ...)
	The time-position of the PRB inside the frame in which the periodic Intra-PRB Protected Resource Footprint appears for the first time. The value "1" corresponds to the receiving node’s slot 0 in subframe 0 in the receiving node’s radio frame where SFN = Activation SFN. 

	MBSFN Control Region Length
	O
	
	INTEGER(0..3)
	Length of control region in MBSFN subframes. Expressed in REs, in the time dimension. 

	PDCCH Region Length
	M
	
	INTEGER(1..3)
	Length of PDCCH region in regular subframes. Expressed in REs, in the time dimension. 



	Range bound
	Explanation

	maxnoofProtectedResourcePatterns
	Maximum no. protected resource patterns. Value is 16.




The excerpts above point at the possibility to coordinate resources between LTE and NR in an NG-RAN network, as well as to coordinate resources between an MN and an SN (independently of their supported RAT).

As it can be seen from the descriptions quoted above, the procedures are aimed at cases where “an ng-eNB and a gNB that are sharing spectrum and whose coverage areas are fully or partially overlapping”, which covers the use cases described in [1]. These procedures allow coordination of all data channels like PDSCH and PUSCH. Also, these procedures allow the LTE nodes to signal their protected resources, namely resources that host LTE reference signals and for that in need of interference protection. The reason why the Protected E-UTRA Resource Indication IE is defined only for E-UTRAN is that LTE RSs and similar control plane channels are not as flexible as those supported for NR. Hence, NR needs to adapt and avoid interfering with LTE RSs and CP channels, while NR could re-arrange its RS and CP resource occupancy to avoid collisions with the resources occupied by LTE.


E-UTRAN
In the NG-RAN the following procedures are available to achieve resource coordination:

Quoting from TS36.423:
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The purpose of the E-UTRA – NR Cell Resource Coordination procedure is to enable coordination of radio resource allocation between an eNB and an en-gNB that are sharing spectrum and whose coverage areas are fully or partially overlapping. During the procedure, the eNB and en-gNB shall exchange their intended resource allocations for data traffic, and, if possible, converge to a shared resource. The procedure is only to be used for the purpose of E-UTRA – NR spectrum sharing.
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The MeNB Resource Coordination Information IE is LTE resource allocation at MeNB and used at the en-gNB to coordinate resource utilisation between the MeNB and the en-gNB.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	EUTRA Cell ID
	M
	
	ECGI
9.2.14
	This IE indicates the PCell.
	–
	

	UL Coordination Information
	M
	
	BIT STRING (6..4400, …)
	Each position in the bitmap represents a PRB pair in a subframe; value "0" indicates "PCell resource not intended to be used for transmission by the sending node", value "1" indicates "PCell resource intended to be used for transmission by the sending node". The bit string spans from the first PRB pair of the first represented subframe to the last PRB pair of the same subframe and then moves to the following PRBs in the following subframes in the same order. 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 .  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 pair in a subframe; value "0" indicates "PCell resource not intended to be used for transmission by the sending node", value "1" indicates "PCell resource intended to be used for transmission by the sending node". The bit string spans from the first PRB pair of the first represented subframe to the last PRB pair of the same subframe and then moves to the following PRBs in the following subframes in the same order. 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 .  is defined in TS 36.211 [10].
The DL Coordination Information is continuously repeated.

	–
	

	NR CGI
	O
	
	9.2.111
	This IE indicates the assumed PSCell.
	YES
	ignore

	MeNB Coordination Assistance Information
	O
	
	9.2.139
	
	YES
	reject
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The SgNB Resource Coordination Information IE indicates resources within the bandwidth of the PCell which are not available for use by the MeNB and is used at the MeNB to coordinate resource utilisation between the en-gNB and the MeNB.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	NR CGI
	M
	
	9.2.111
	This IE indicates the PSCell.
	–
	

	UL Coordination Information
	M
	
	BIT STRING (6..4400, …)
	Each position in the bitmap represents a PRB pair in a subframe; value "0" indicates "PCell resource not intended to be used for transmission by the sending node", value "1" indicates "PCell resource intended to be used for transmission by the sending node". The bit string spans from the first PRB pair of the first represented subframe to the last PRB pair of the same subframe and then moves to the following PRBs in the following subframes in the same order. 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 

. 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 pair in a subframe; value "0" indicates "PCell resource not intended to be used for transmission by the sending node", value "1" indicates "PCell resource intended to be used for transmission by the sending node". The bit string spans from the first PRB pair of the first represented subframe to the last PRB pair of the same subframe and then moves to the following PRBs in the following subframes in the same order. 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 .  is defined in TS 36.211 [10].
The DL Coordination Information is continuously repeated.

	–
	

	EUTRA Cell ID
	O
	
	ECGI
9.2.14
	Reference cell for UL Coordination Information IE and DL Coordination Information IE.
	YES
	ignore

	SgNB Coordination Assistance Information
	O
	
	9.2.140
	
	YES
	reject
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This IE indicates the resources allocated for E-UTRA DL and UL reference and control signals (hereby referred to as protected resources). This information is used in the process of E-UTRA – NR Cell Resource Coordination.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Activation SFN
	M
	
	INTEGER (0..1023)
	Indicates from which SFN of the receiving node the resource allocation is valid.
	
	

	Protected Resource List
	
	1
	
	The protected resource pattern is continuously repeated, and it is valid until stated otherwise or until replaced by a new pattern. The pattern does not apply in reserved subframes.
	YES
	ignore

	>Protected Resource List Item
	
	1..<maxnoofProtectedResourcePatterns>
	
	Each item describes one transmission pattern. A pattern may comprise several control signals.
	-
	

	>>Resource Type
	M
	
	ENUMERATED (downlinknonCRS,CRS,uplink…)
	Indicates whether the protected resource is E-UTRA DL non-CRS, E-UTRA CRS or E-UTRA UL. 
	-
	

	>>Intra-PRB Protected Resource Footprint
	M
	
	BIT STRING (84, ...)

	The bitmap of REs occupied by the protected signal within one PRB. Each position in the bitmap represents an RE in one PRB; value “0” indicates "resource not protected", value “1” indicates "resource protected ". The first bit of the string corresponds to the RE with the smallest time and frequency index in the PRB, where the indexing first goes into the frequency domain. The length of the bit string equals the product of  and the length of PRB in time dimension, measured in REs.  is defined in TS 36.211 [10]. The intra-PRB pattern consisting of all "1"s is equivalent to PRB-level granularity. 
	
	

	>>Protected Footprint Frequency Pattern
	M
	
	BIT STRING(6..110, ...)
	The bit string indicates in which PRBs inside carrier bandwidth the Intra-PRB Protected Resource Footprint applies. How often in time dimension this frequency pattern applies, depends on time periodicity of Intra-PRB Protected Resource Footprint. The first bit of the bit string corresponds to the PRB occupying the lowest subcarrier frequencies of the carrier bandwidth, where the indexing first goes into the frequency domain. Each position in the string represents a PRB; value "0" indicates " Intra-PRB Protected Resource Footprint does not appear in PRB", value "1" indicates "Intra-PRB Protected Resource Footprint appears in PRB". The length of the bit string equals the number of PRBs in the carrier bandwidth. 
	-
	

	>>Protected Footprint Time Pattern
	M
	
	
	The description of time periodicity of the Intra-PRB Protected Resource Footprint.
	
	

	>>>Protected Footprint Time-periodicity
	M
	
	INTEGER(1..320, ...)
	Periodicity with which the periodic Intra-PRB Protected Resource Footprint repeats in time-dimension (1= every PRB (i.e. slot), 2=every other PRB (i.e. slot) etc.
	-
	

	>>>Protected Footprint Start Time
	M
	
	INTEGER(1..20, ...)
	The time-position of the PRB inside the frame in which the periodic Intra-PRB Protected Resource Footprint appears for the first time. The value "1" corresponds to the receiving node’s slot 0 in subframe 0 in the receiving node’s radio frame where SFN = Activation SFN. 
	-
	

	MBSFN Control Region Length
	O
	
	INTEGER(0..3)
	Length of control region in MBSFN subframes. Expressed in REs, in the time dimension. 
	
	

	PDCCH Region Length
	M
	
	INTEGER(1..3)
	Length of PDCCH region in regular subframes. Expressed in REs, in the time dimension. 
	
	



	Range bound
	Explanation

	maxnoofProtectedResourcePatterns
	Maximum no. protected resource patterns. Value is 16.



As for the NG-RAN case, in E-UTRAN it is possible to coordinate resource utilisation for data channel and control channels.

Conclusion 1: current resource coordination features specified over Xn and X2 allow granular resource coordination of data channels and control channels for scenarios where LTE and NR share the same spectrum with overlapping cell coverage

It should also be understood that if resource coordination between LTE and NR in co-channel sharing wants to be achieved, there is the need to support functionalities for resource coordination at LTE. Namely, it is not feasible to expect that resource coordination can be achieved on both data and control channels between LTE and NR, if one takes e.g. a Rel14 eNB.

Conclusion 2: in order to support  resource coordination for data and control channels between co-channel sharing LTE and NR sites, LTE shall support some level of resource coordination functionalities
2. Analysis of use cases
The first use case presented in [1] is depicted below:
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Figure 1 5G DSS deployment 
It is claimed that eNBs co-located with gNBs would interfere other channel sharing gNBs. It needs to be noted that such eNBs would need to be upgraded to a certain extend, because they need to e.g. support mobility to and from NR. The scenario could be therefore resolved as follows: 
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Figure 1 5G DSS deployment 
The solution above allows to make use of the resource coordinations between LTE and NR, which is specified over the X2 interface. The solution above requires minimum support of functionalities at the LTE site. Such functionalities are likely to be needed also for other use cases, e.g. EN-DC.

The second use case depicted in [1] is the following, which could be resolved as shown in the figure below:


 EN-DC X2

Figure 2 Non co-located LTE/NR deployment scenario
Just like above, the LTE eNB will need to be upgraded to a certain extend to interoperate with NR, e.g. at least for mobility. The less impacting and most effective solution to achieve LTE-NR resource coordination would be to reuse the funcitonlity already specified over X2 for resource coordination. 

The third scenario presented in [1] is the following, Which again it can be solved as follows:


EN-DC X2

Figure 3 interference from DSS cell to newly-built NR gNB 

Once again, the least impacting and most effective way to solve co-channel interference is by reusing the resource coordination functionalities defined over the EN-DC X2.

Conclusion 3: Connecting LTE and NR via EN-DC X2 is the most effective way to achieve LTE-NR resource coordination without the need of any new functionalities.
3. Is a partial solution beneficial?
In RAN3 the original discussion focussed on RACH resource coordination and on the possibility to use a collocated gNB as a “proxy” to signal LTE PRACH configurations from a collocated eNB to neighbour gNBs. 
It is immediately evident that the eNB we are talking about cannot be a legacy eNB. This is because the eNB would need to be able to communicate with the collocated gNB and to signal to it its RACH configurations. For such eNB it would be not a problem to establish EN-DC X2 connections with neighoburing gNBs.
Further, any solution that aims at partially resolve the resource coordination problem is a solution deemed to fail. That is because without data and control channel resource coordination there will always be a drastic drop in performance between the neighbouring cells, which would make the use case of co-channel sharing invalid. Hence, if full resource coordination is needed, the best approach would be to adopt the features that 3GPP already defined for it, i.e. by means of X2 and Xn connectivity.
Conclusion 4: a partial resource coordination solution, e.g. only tackling RACH coordination, would leave co-channel sharing cells exposed to interference that would drastically drop performance
4. Is involvement from RAN1 needed?
The problem of co-channel resource sharing between LTE and NR has been already discussed in RAN1. RAN1 reached the following agreements in [2]:
In order to enable coordination between LTE and NR for LTE-NR coexistence in overlapping and adjacent spectrum, RAN1 reached the following agreement:

	
Agreements:

· For LTE-NR coexistence in overlapping spectrum,
· Send an LS to RAN3 to specify the Xn interface and enhanced X2 interface messages that enable coordination between LTE and NR, including
· LTE cell on/off configuration with details up to RAN3
· LTE MBSFN subframe configuration
· DL and/or UL carrier center frequency (ARFCN) 
· Carrier bandwidth
· Signaling related to timing synchronization and SFN
· Note: this does not require the network to be synchronized and/or SFN aligned and/or radio frame boundary aligned
· Note: It is up to RAN3 if this requires new procedures in addition to signaling support
· Indication of semi-statically used resources (to avoid collisions with, e.g., CSI-RS, SRS, PRACH, PUCCH, DRS, PSS/SSS, PBCH, …)
· Indication of slots/PRBs not intended for transmissions by the eNB and gNB, respectively
· For LTE-NR coexistence in adjacent spectrum,
· Send an LS to RAN3 to specify the Xn interface and enhanced X2 interface messages that enable coordination between LTE and NR, including
· Signaling related to timing synchronization and SFN
· Note: this does not require the network to be synchronized and/or SFN aligned and/or radio frame boundary aligned
· Note: It is up to RAN3 if this requires new procedures in addition to signaling support
· TDD UL/DL configuration in case of LTE and NR and special subframe configuration in case of LTE



 
Hence:
· RAN1 has already agreed that the scenario of interference avoidance and resource coordinations in co-channel sharing between LTE and NR is relevant and needs to be solved
· RAN1 has already agreed that the way to solve such scenario is by means of X2/Xn supported functionalities to allow LTE and NR nodes to exchange all needed information for resource coordination
There is therefore no further question to ask RAN1 on this matter. 
It is not within RAN1 domain to assess whether a scenario in which two nodes are Xn/X2 connected or not is valid or not valid. This is only a RAN3 matter. 
Conclusion 5: RAN1 has already concluded that co-channel sharing between LTE and NR is a relevant scenario for which interference and resource coordination solutions are needed. RAN1 has already detected such solutions with X2/Xn based functionalities. Hence there are no questions to be asked to RAN1

Conclusions
In this paper the use cases presented in RAN3 for LTE-NR co-channel interference and resource coordinations have been presented. The following conclusions were achieved:
Conclusion 1: current resource coordination features specified over Xn and X2 allow granular resource coordination of data channels and control channels for scenarios where LTE and NR share the same spectrum with overlapping cell coverage
Conclusion 2: in order to support  resource coordination for data and control channels between co-channel sharing LTE and NR sites, LTE shall support some level of resource coordination functionalities
Conclusion 3: Connecting LTE and NR via EN-DC X2 is the most effective way to achieve LTE-NR resource coordination without the need of any new functionalities.
Conclusion 4: a partial resource coordination solution, e.g. only tackling RACH coordination, would leave co-channel sharing cells exposed to interference that would drastically drop performance
Conclusion 5: RAN1 has already concluded that co-channel sharing between LTE and NR is a relevant scenario for which interference and resource coordination solutions are needed. RAN1 has already detected such solutions with X2/Xn based functionalities. Hence there are no questions to be asked to RAN1
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