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Introduction
In the recently concluded RAN#103 the WID was revised [1] to broaden the CLI mitigation techniques to include adjacent channel CLI mitigation too.

	· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Note: Without dedicated optimization for dynamic/flexible TDD. 
· Specify BS RF requirements for SBFD operation at gNB [RAN4]
· Specify applicable RRM core requirements for CLI handling mechanisms [RAN4]
· Specify other RRM core requirements for SBFD operation, if identified [RAN4]
· Note: RAN3 will not specify enhancements to network signaling to support inter-operator coordination for CLI handling 



In RAN1#116 following agreements were reached for CLI mitigation 
	Conclusion
For the down-selection of gNB-to-gNB co-channel CLI handling schemes and UE-to-UE co-channel CLI handling schemes, at least the following aspects should be considered:
· Applicable scenario, performance benefits based on analysis and/or demonstrated by evaluations for SBFD
· Note: Companies are encouraged to provide more simulation results for SBFD to RAN1#116bis based on the simulation assumptions agreed during the SI.
· Specification impact in RAN1 and RAN3.
· gNB/UE implementation complexity.
· Operational details of the scheme including feasibility and practicability.

Agreement
Consider the following candidate gNB-to-gNB co-channel CLI handling schemes for further down-selection
· gNB-to-gNB co-channel CLI and/or channel measurements
· Spatial-domain-based schemes	
· Beam nulling.
· Beam pairing.
· Coordinated scheduling in time and/or frequency
· Power control based schemes	
· gNB Tx power control
· UE Tx power control
Note: gNB-to-gNB co-channel CLI and/or channel measurements can be the enablers for some of the above CLI handling schemes.

Agreement
Consider the following candidate UE-to-UE co-channel CLI handling schemes for further down-selection
· UE-to-UE co-channel CLI measurement and reporting
· Coordinated scheduling in time and/or frequency
· Spatial domain based schemes
· Power control based schemes
· Note: UE-to-UE co-channel CLI measurement and reporting can be the enablers for some of the above CLI handling schemes.
Agreement
gNB Tx power control based schemes are not considered in the down-selection of gNB-to-gNB co-channel CLI handling schemes.

Agreement
For SBFD aware UEs, CLI measurements is performed within the active DL BWP and the following can be considered
· Method#1: UE measures RSSI within DL subband
· Method#2: UE measures RSRP of aggressor UE within UL subband
· Method#3: UE measures RSSI within UL subband
· Method#4: UE measures RSSI within guard band, if guard band exists
Note: If DL subband, UL subband or guard band is outside the active DL BWP, the above methods does not apply.
Note: Method#4 does not imply that guard band is explicitly configured.

For future meetings
Companies are to refer to Proposal 2-2a (gNB-gNB CLI handling) and Proposal 3-2a (UE to UE CLI handling) in R1-2401635 for future meetings. Companies are encouraged to provide additional details on potential spec impact and operational details of their preferred CLI handling scheme for further down-selection in RAN1#116bis.




In this contribution, we provide our views regarding gNB-to-gNB and UE-to-UE CLI mitigation techniques in context of mitigating adjacent channel CLI in the two adjacent networks.
Background
In a typical deployment scenario with SBFD operation, there are two scenarios:
1. Deployment of a network in a carrier frequency by a single operator.  In this deployment all gNBs will start with synchronized or coordinated TDD configurations.  If some of the gNBs enable SBFD in the network while other neighbouring gNBs continue using legacy TDD then following CLI types can occur:
a. Co-channel gNB-to-gNB CLI
i. Experienced by the gNBs that enabled SBFD over DL legacy TDD slots.  CLI manifests in UL subbands of SBFD symbol(s)/slot(s) due to neighbouring gNB(s) that use legacy TDD in DL direction.
ii. Experienced by gNBs using legacy TDD after converting flexible symbol(s)/slot(s) to UL while their neighbouring gNB(s) have converted the same flexible symbol(s)/slot(s) to SBFD.
b. Co-Channel UE-to-UE CLI
i. Experienced by cell-edge UEs of the gNBs that use legacy TDD in DL slots, while their neighbouring gNB(s) enable SBFD over the same DL slot (CLI is caused by the UL transmission of the (SBFD-aware) UEs of the SBFD network).
ii. Experienced by cell-edge UEs of the gNBs that have enabled SBFD on flexible symbol(s)/slot(s) while their neighbouring gNBs that use legacy TDD have enabled UL on the same flexible symbol(s)/slot(s) (CLI is caused by the UL transmission of the UEs of the legacy TDD network into DL subbands of SBFD-aware UEs).
2. Deployment of two neighbour networks in adjacent-channel carrier frequencies—either by a single operator or by two different operators.  In this deployment all gNBs may start with synchronized or with coordinated TDD configurations.  If one network enables SBFD operation while its neighbouring network continues using legacy TDD then the following CLI types can occur:
a. Adjacent-channel gNB-to-gNB CLI
i. Experienced by the gNBs that enabled SBFD over DL legacy TDD slots.  CLI manifests in UL subbands of SBFD symbol(s)/slot(s) due to neighbouring gNB(s) that use legacy TDD in DL direction.
ii. Experienced by gNB(s) using legacy TDD after converting flexible symbol(s)/slot(s) to UL while their neighbouring gNB have converted the same flexible symbol(s)/slot(s) to SBFD.
b. Adjacent-channel UE-to-UE CLI
i. Experienced by cell-edge UEs of the gNBs that use legacy TDD in DL slots, while their neighbouring gNB(s) enable SBFD over the same DL slot (CLI is caused by the UL transmission of the (SBFD-aware) UEs of the SBFD network).
ii. Experienced by the cell-edge UEs of the gNBs that have enabled SBFD on flexible symbol(s)/slot(s) while their neighbouring gNBs that use legacy TDD have enabled UL on the same flexible symbol(s)/slot(s) (CLI is caused by the UL transmission of the UEs of the legacy TDD network into DL subbands of SBFD-aware UEs).

In Rel-18, RAN1/RAN4 studied the effect of both co-channel and adjacent channel interference types on network performance and the results/conclusions were summarized in TR 38.858 [2].  RAN1/RAN4 conclusion was that adjacent channel CLI seriously degrades the performance of the SBFD networks as well as legacy TDD networks. The RAN4 conclusion regarding adjacent channel CLI was summarized in TR 38.858 section 11.3.5 [2] as ‘ … interference mitigation techniques will need to be considered’.

Observation 1: RAN1 and RAN4 concluded in Rel-18 studies that adjacent channel CLI can significantly impact the performance of SBFD as well as legacy TDD networks.

Observation 2: RAN4 concluded regarding in TR 38.858 [2] section 11.3.5 on adjacent channel CLI that ‘ … interference mitigation techniques will need to be considered.’

In the recently concluded RAN#103 meeting it was agreed to revise the WID to add clarification that during Rel-19 normative work, CLI mitigation techniques are not limited to co-channel CLI but do include adjacent channel CLI.  Based on the revised WID, RAN1 should also consider the adjacent channel CLI mitigation techniques in Rel-19 normative work.

Proposal 1: RAN1 is to consider adjacent channel CLI in addition to co-channel CLI in regard to mitigation techniques in Rel-19
CLI mitigation
In Rel-18, RAN1 studies focused on co-channel mitigation techniques and these techniques are summarized in TR 38.858 [2].  In the revised WID [1] it is indicated to start the normative work by down selecting from the mitigation techniques summarized in Rel-18 TR 38.858 [2].  To reduce the scope creep with the addition of adjacent channel CLI mitigation, we propose RAN1 to evaluate, if the co-channel CLI mitigation techniques can also be used for adjacent channel CLI mitigation.

Proposal 2: RAN1 is to evaluate whether any applicable co-channel CLI mitigation techniques can be extended or adapted for mitigating adjacent channel CLI.

In the recently concluded RAN1#116 meeting the following mitigation techniques referring explicitly to co-channel CLI have been down selected
· gNB-to-gNB co-channel CLI mitigation techniques
· gNB-to-gNB co-channel CLI and/or channel measurements
· Spatial domain based schemes	
· Beam nulling
· Beam pairing
· Coordinated scheduling in time and/or frequency
· UE-to-UE co-channel CLI mitigation techniques
· UE-to-UE co-channel CLI measurement and reporting
· Coordinated scheduling in time and/or frequency
· Spatial domain based schemes
· Power control based schemes
In all the above techniques, there is a coordination between the victim and aggressor gNBs in terms of scheduling CLI measurements/reports and/or scheduling/power control information.  Currently the discussion contemplates the use of some interface, e.g., Xn, so as to facilitate coordination between a network’s neighbouring gNBs.  In the natural extension to a case where two networks in adjacent-channel TDD carriers are deployed by the same operator the same co-channel mitigation techniques may extend to mitigating adjacent channel CLI by similarly leveraging interfaces, e.g., Xn interface, between the neighbouring gNBs deployed in adjacent-channel TDD carriers by the same operator.

Observation 3: If two networks are deployed in two adjacent-channel carrier by the same operator then similar interfaces under the control of one operator, e.g., Xn, could be further leveraged for coordination in order to mitigate both types of CLI (adjacent- and co-channel) using similarly applicable mitigation technique(s).

Proposal 3: RAN1 CLI mitigation techniques requiring coordination among two networks in adjacent-channel carriers deployed by the same operator should be evaluated and leveraged/extended for adjacent channel CLI mitigation.

1.1 CLI mitigation due to changing context of flexible symbols
Rel-19 WID [2] allows the flexible symbols to be converted to SBFD.  Our view is that some manners of converting flexible symbol can cause significant CLI inter-network (e.g., two adjacent-channel TDD carriers) as well as intra-network.

To illustrate, consider the latter case when a network of single operator starts all the gNBs with synchronized and/or coordinated TDD configurations and, further, certain symbol(s)/slot(s) in the TDD configuration are designated as ‘Flexible’, so that the network may leverage these symbol(s)/slot(s) according to the traffic/scheduler needs.   Later, gNB1 may change one (or more) ‘Flexible’ symbol(s)/slot(s) within its TDD configuration into ‘U’ to accommodate, e.g., a group of (legacy) UEs that need more UL opportunities—while its neighbouring gNB2 will change the homologous ‘Flexible’ symbol(s)/slot(s), i.e., at same time location(s), into ‘SBFD (X)’ symbol(s)/slot(s). 

                       		  Instance 1	    		Instance 2
gNB1 TDD Configuration:  DDDFU	a		DDDUU
gNB2 TDD Configuration:  DDDFU	a 		DDDXU

In the above example the time resource(s) in position 4 (within a period) at instance 2 will enable gNB-to-gNB CLI between gNB1 and gNB2.  Such a situation should be avoided whenever possible so as to limit the occurrence of CLI in the network.

While the above discussion concerns one network (and, thereby, co-channel interference), a similar reasoning can be carried out w.r.t. adjacent channel interference[footnoteRef:1] between two networks (possibly same operator) using two adjacent-channel TDD carriers. [1:  Now allowable within the new WID’s scope] 


Observation 4: Converting one (or more) eligible ‘Flexible’ symbol(s)/slot(s) within a semi-static TDD pattern to ‘SBFD’ may cause significant CLI between the neighbouring networks when neighbouring networks are converting homologous Flexible symbols the same time locations to UL.

A similar reasoning can further be carried out in case of a single cell in a scenario where one or more legacy (non-SBFD-aware) UE(s) are given the location of a Flexible slot/symbol as UL while one or more SBFD-aware-UE(s) are given the same time location as SBFD. This will create the condition where UL subbands of the legacy UE(s) may intersect DL subbands of SBFD-aware UE(s)[footnoteRef:2]. [2:  Cf. TR 38.858, section 6.1.1.3] 


Considering all above reasonings, in order to control CLI, this change of attribute from ‘Flexible’ symbol(s)/slot(s) into ‘SBFD’ should not be permissible if the same time location had been given to one or more legacy (non-SBFD-aware) UE(s) as ‘UL’ either in the same cell, or in a neighbouring gNB or neighbouring network. 

Proposal 4: A change of attribute from ‘Flexible’ symbol(s)/slot(s) into ‘SBFD’ should not be permissible if the same time location had been given to one or more legacy (non-SBFD-aware) UE(s) as ‘UL’ either in the same cell, or in a neighbouring gNB or neighbouring network. 
Conclusion
In this contribution, we proposed following observations and proposals on handling adjacent channel CLI:

Observation 1: RAN1 and RAN4 concluded in Rel-18 studies that adjacent channel CLI can significantly impact the performance of SBFD as well as legacy TDD networks.

Observation 2: RAN4 concluded regarding in TR 38.858 [2] section 11.3.5 on adjacent channel CLI that ‘ … interference mitigation techniques will need to be considered.’

Proposal 1: RAN1 is to consider adjacent channel CLI in addition to co-channel CLI in regard to mitigation techniques in Rel-19

Proposal 2: RAN1 is to evaluate whether any applicable co-channel CLI mitigation techniques can be extended or adapted for mitigating adjacent channel CLI.

Observation 3: If two networks are deployed in two adjacent-channel carrier by the same operator then similar interfaces under the control of one operator, e.g., Xn, could be further leveraged for coordination in order to mitigate both types of CLI (adjacent- and co-channel) using similarly applicable mitigation technique(s).

Proposal 3: RAN1 CLI mitigation techniques requiring coordination among two networks in adjacent-channel carriers deployed by the same operator should be evaluated and leveraged/extended for adjacent channel CLI mitigation.

Observation 4: Converting one (or more) eligible ‘Flexible’ symbol(s)/slot(s) within a semi-static TDD pattern to ‘SBFD’ may cause significant CLI between the neighbouring networks when neighbouring networks are converting homologous Flexible symbols the same time locations to UL.

Proposal 4: A change of attribute from ‘Flexible’ symbol(s)/slot(s) into ‘SBFD’ should not be permissible if the same time location had been given to one or more legacy (non-SBFD-aware) UE(s) as ‘UL’ either in the same cell, or in a neighbouring gNB or neighbouring network.
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