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1 Introduction
A new WID for evolution of NR duplex operation [1] was approved in RAN#102. The following highlighted objectives are agreed regarding CLI handling and general mechanisms for SBFD operations.
	The objectives are as follows:
· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded
· Specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode [RAN1, RAN2]
· Study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [RAN1, RAN2]
· RAN#104 to check whether to proceed normative work
· [bookmark: _Hlk153407590]Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· [bookmark: OLE_LINK3]resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· [bookmark: OLE_LINK4]handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· [bookmark: OLE_LINK2]Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol
· Followings are assumed based on TR 38.858
· SBFD at the gNB side
· Half duplex operation at the UE side
· FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators
· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel 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 co-channel CLI handling mechanisms [RAN4]
· Specify other RRM core requirements for SBFD operation, if identified [RAN4]



In this contribution, based on the recently concluded RAN1#116, we identify the confusion that is being caused by the above wording regarding CLI handling.

2 Background
In TR38.858 [2], following RAN1 conclusions are summarized as below:
RAN1 concluded that DL/UL UPT gain and loss at least come from the following reasons
-	In case of using SBFD with XXXXX slot format, the UL UPT gain at least comes from more UL transmission opportunities for semi-static SBFD compared to legacy TDD, and the DL UPT gain at least comes from the more DL transmission opportunities for semi-static SBFD compared to legacy TDD. 
-	In case of using SBFD with XXXXU or DXXXU slot format, the UL UPT gain at least comes from more UL resources and more UL transmission opportunities for semi-static SBFD compared to legacy TDD, and the DL UPT loss for SBFD at least comes from less DL resources for semi-static SBFD compared to legacy TDD. 
-	The UL UPT loss at least comes from inter-site gNB-gNB CLI and co-site inter-sector gNB-gNB CLI for Urban Macro and Dense Urban Macro layer. The impact of co-site inter-sector gNB-gNB CLI depends on co-site inter-sector CLI suppression capability. Also, the UL UPT loss at least comes from noise figure increase due to higher blocker power.
-	For SBFD deployment case 4, for the SBFD operator, the UL UPT loss at least comes from inter-site adjacent-channel gNB-gNB CLI and co-site adjacent-channel gNB-gNB CLI for Urban Macro and Dense Urban Macro layer. The impact of co-site adjacent-channel gNB-gNB CLI depends on co-site adjacent-channel CLI suppression capability. Also, the UL UPT loss at least comes from noise figure increase due to higher blocker power by adjacent-channel CLI.
-	For SBFD deployment case 4, for the legacy TDD operator in the case of XXXXX slot format, adjacent channel gNB-gNB CLI causes loss.
-	The DL UPT loss at least comes from UE-to-UE CLI. 

In TR38.858 [2], SBFD coexistence study from RAN4 is summarized as below:
Case 1: aggressor SBFD DU victim NR TDD DL
	[bookmark: MCCQCTEMPBM_00000157]Deployment Scenario
(Aggressor -> Victim)
	Frequency range
	Co-existence conclusion

	Urban Macro -> Urban Macro
Scenario 1 and 
Scenario 6
	FR1 and FR2-1
	No DL throughput degradation on the victim legacy TDD DL network for both average throughput and cell edge throughput is observed for different BS Tx powers (46dBm to 53 dBm for FR1 and 30 dBm for FR2-1), grid-shifts (5% to 100%), and different SBFD BS antenna configurations.  

	Urban Hotspot -> Urban Hotspot 
Scenario 2
	FR1
	DL throughput degradation is observed only at cell edge due to inter-UE CLI for different grid-shifts (5% to 100%) and BS Tx powers (49 dBm to 53 dBm).

	Urban Macro -> Urban Micro 
Scenario 4
	FR1
	No DL throughput degradation for both average throughput and cell edge throughput is observed.

	Indoor -> Indoor
Scenario 3 and
 Scenario 9
	FR1 and FR2-1
	

	Urban Micro/Dense -> Urban Micro/Dense
Scenario 5 and
 Scenario 8
	FR1 and FR2-1
	



Case 2: aggressor SBFD DU victim NR TDD UL
	[bookmark: MCCQCTEMPBM_00000158]Deployment Scenario
(Aggressor -> Victim)
	Frequency range
	Co-existence conclusion

	Urban Macro -> Urban Macro
Scenario 1
	FR1 
	The TDD UL has significant throughput degradation for different SBFD BS antenna configuration and different BS Tx powers.
-	The cell edge throughput degradation is worse than the average throughput degradation. 
-	The throughput degradation is due to the inter-BS ACI introduced by SBFD, which increases as grid-shift (BS-to-BS distance) decreases in scenario 1, 2 and 5. In scenario 4 (UMa-to-UMi scenario), the degradation increases and then decreases due to the relative distance and elevation angle between UMa and UMi base stations. This is a result of the grid-shift reduction and consequent changes in antenna discrimination.
-	The throughput degradation increases with SBFD BS Tx power.
-	SBFD BS antenna configuration slightly impacts the throughput degradation.

	Urban Hotspot -> Urban Hotspot 
Scenario 2
	
	

	Urban Macro ->Urban Micro
Scenario 4
	
	

	Urban Micro -> Urban Micro
Scenario 5
	
	

	Indoor -> Indoor
Scenario 3 and
 Scenario 9
	FR1 and FR2-1
	No TDD UL throughput degradation is observed.

	Urban Macro -> Urban Macro
Scenario 6
	FR2-1
	TDD UL throughput degradation is observed at cell edge, no strong degradation is observed for the average throughput.

	Urban Dense -> Urban Dense
Scenario 8
	
	



Case 3: aggressor NR TDD DL victim SBFD DU
	[bookmark: MCCQCTEMPBM_00000159]Deployment Scenario
(Aggressor -> Victim)
	Frequency range
	Co-existence conclusion

	Urban Macro -> Urban Macro
Scenario 1 and
 Scenario 6
	FR1 and FR2-1
	No observed throughput degradation on the SBFD DL for both average throughput and cell edge throughput for different BS Tx powers, ranging (46dBm to 53 dBm for FR1 and 30 dBm for FR2-1), grid-shifts (5% to 100%), and different SBFD BS antenna configurations.

	Urban Hotspot -> Urban Hotspot (N/A for FR2-1)
Scenario 2
	
	

	Indoor -> Indoor
Scenario 3 and
 Scenario 9
	
	

	Urban Micro/Dense -> Urban Micro/Dense
Scenario 5 and
Scenario 8
	
	



	[bookmark: MCCQCTEMPBM_00000160]Deployment Scenario
(Aggressor -> Victim)
	Frequency range
	Co-existence conclusion

	Urban Macro -> Urban Macro
Scenario 1 and
Scenario 6
	FR1
	Under baseline assumptions, SBFD UL throughput degradation is observed only for cell edge throughput, and minor degradation but acceptable to some companies for average throughput. With other assumptions (higher BS Tx power and lower grid-shifts), the degradation is increased for cell edge throughput and average throughput.

	
	FR2-1
	Under baseline assumptions, no degradation on the SBFD UL is observed for both cell edge throughput and average throughput. Throughput loss is observed with higher BS Tx power and lower grid-shifts.

	Urban Hotspot -> Urban Hotspot
Scenario 2
	FR1
	Under baseline assumptions, SBFD UL throughput degradation is observed at cell edge throughput and average throughput. With higher BS Tx power and lower grid-shifts, the degradation is increased.

	Indoor -> Indoor
Scenario 3 and
Scenario 9
	FR1 and FR2-1
	No SBFD UL throughput degradation for both average throughput and cell edge throughput is observed. 

	Urban Micro/Dense -> Urban Micro/Dense
Scenario 5 and
Scenario 8
	FR1
	Under FR1 Urban micro 38dBm Tx power assumption, no degradation on the SBFD UL is observed for both cell edge throughput and average throughput. Throughput loss is observed with higher BS Tx power (46dBm) and lower grid shifts.

	
	FR2-1
	Under baseline assumptions, SBFD UL throughput degradation is observed only for cell edge throughput and no degradation is observed for average throughput.



[bookmark: _Toc152011649]














Case 4: aggressor NR TDD UL victim SBFD DU
	[bookmark: MCCQCTEMPBM_00000161]Deployment Scenario
(Aggressor -> Victim)
	Frequency range
	Co-existence conclusion

	Urban Macro -> Urban Macro
Scenario 1 and
Scenario 6
	FR1 and FR2-1
	No observed throughput degradation on the SBFD DL for both average throughput and cell edge throughput respectively for different BS Tx powers (ranging from 46dBm to 53 dBm for FR1 and 30 dBm for FR2-1), grid-shifts (5% to 100%), and SBFD BS antenna configurations.

	Indoor -> Indoor
Scenario 3 and
Scenario 9
	
	

	Urban Micro/Dense -> Urban Micro/Dense
Scenario 5 and
Scenario 8
	
	

	Urban Hotspot -> Urban Hotspot
Scenario 2
	FR1
	Some companies’ results show SBFD DL throughput degradation is observed only for cell edge throughput due to inter-UE CLI for different grid-shifts (5% to 100%), BS Tx powers (46dBm to 53 dBm) and for all antenna configurations. However more companies show that there is no observed degradation for cell edge throughput and cell average throughput for 100% grid-shift, 49dBm BS Tx power and SBFD BS antenna configuration 2.



	[bookmark: MCCQCTEMPBM_00000162]Deployment Scenario
(Aggressor -> Victim)
	Frequency range
	Co-existence conclusion

	Urban Macro -> Urban Macro
Scenario 1 and
Scenario 6
	FR1 and FR2-1
	No observed throughput degradation on the SBFD UL for both average throughput and cell edge throughput for different BS Tx powers (ranging from 46dBm to 53 dBm for FR1 and 30 dBm for FR2-1), grid-shifts (5% to 100%), and SBFD BS antenna configurations.

	Indoor -> Indoor
Scenario 3 and
Scenario 9
	
	

	Urban Micro/Dense -> Urban Micro/Dense
Scenario 5 and
Scenario 8
	
	

	Urban Hotspot -> Urban Hotspot
Scenario 2
	
	



Above RAN1 and RAN4 conclusions clearly indicate that the adjacent channel gNB-gNB CLI and UE-UE CLI are going to affect the SBFD operations as well as the adjacent legacy TDD operator networks.  To avoid gNB-gNB CLI in the network it was agreed in WID [1] that UL symbols or slots in the TDD-UL-DL configuration will not be allowed to be converted for SBFD operations but WID does give the option to convert a flexible symbol or slot in TDD-UL-DL configuration to SBFD symbol or slot.  Hence even if two operators decide to start with the same TDD-UL-DL configurations in their networks, the flexible symbols or slots converting to SBFD in the two networks will give rise to situations where adjacent channel gNB-gNB CLI will prove to become dominant factor in the overall CLI.  RAN4 during Rel-18 study of coexistence between two operators, agreed to study the adjacent channel mitigation techniques as is summarized in TR 38.858 section 11.3.5 [2].
For SBFD networks, adjacent channel gNB-gNB CLI is going to be more significant because the SBFD operations are allowed in DL symbols or slots and the neighbouring network’s DL transmission will interfere significantly in the UL sub-bands of the SBFD symbol or slot as is concluded in coexistence studies of RAN1 and RAN4.
Observation 1: Adjacent channel gNB-gNB and UE-UE CLI are going to affect the operation of adjacent network employing legacy TDD operations as well as the operations of the network employing SBFD.
Observation 2:  In TR38.858 section 11.3.5 [2], RAN4 summarized the coexistence findings where significant adjacent channel interference was observed and stipulated that ‘ … interference mitigation techniques will need to be considered’.
It is in this context that the following WID (sub-)objectives should be understood.  Clearly the WID speaks about the CLI handling in general, superseding the specific type of co-channel CLI handling schemes, and thereby should necessarily include adjacent channel CLI handling schemes (i.e., not only co-channel).
· Specify enhancements for CLI handling [RAN1, RAN2, RAN3]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel 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. 
Observation 3: Given that the TR 38.858 [2] clearly alerts to significant performance degradation due specifically to CLI caused directly by adjacent channel interference, if the CLI mitigation techniques solely focus on co-channel interference, the undisputed reality of CLI directly induced by adjacent channel interference (TR 38.858 [2]) might undermine the success of an effort solely focus on co-channel CLI mitigation.
To have better operations in SBFD networks and also to limit the impact on the adjacent legacy TDD networks, adjacent channel CLI mitigation also needs to be taken into account in Rel. 19 studies.
Proposal 1: Adjacent- as well as co-channel CLI mitigation techniques need to be studied in Rel. 19

3 Adjacent operator coexistence
In the recently concluded RAN WGs meetings (Athens), it has become apparent that companies may be overlooking the possibility of operational coordination between two neighbouring operators.  We observe herein that, when there exists a business agreement between two operators, certain mechanisms may be available for the two operators to exchange signals that can enhance their operational awareness and cooperation.  At this point in the normative work, we believe that Rel-19 has a mandate to study CLI handling schemes for both adjacent channel and co-channel interference, with the premise that interface(s) can exist between the neighbouring networks of the two operators that use adjacent frequency channels. When mechanisms can be enabled for handling CLI in adjacent channels they can be exploited by the operators to limit CLI in each other’s networks.
Observation 4:  Communication interfaces between neighbouring networks of two adjacent-channel operators may be enabled based on supporting specifications along with business and/or legal agreements in order to coordinate TDD-UL-DL configurations and avoid adjacent channel CLI in each other’s network.  
4 Proposal for the WID
In the recently concluded RAN1#116, a work plan [3] was circulated that would limit all the discussions in RAN1, RAN2, RAN3 and RAN4 to co-channel CLI handling schemes.  Our objections and point of view were not accepted by the feature leads and the rapporteur of the agenda item, and it seems that the WID directive of “Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators” is being ignored.  Opinions have been stated that we may submit contributions with our point of view in future RAN WG meetings—however, if the current closest agenda item (9.3.3) is being de facto limited to co-channel CLI handling then there is no available agenda item dedicated for adjacent channel CLI handling.
From our point of view, the WID is not limiting the studies of CLI handling mechanisms to co-channel CLI handling techniques but (in its current wording) is suggesting that companies start Rel-19 normative work with the downselection/consideration of co-channel CLI mitigation techniques that were studied in Rel. 18 study item (summarized in TR 38.858 [2]); the WID does not preclude a new study for adjacent-channel CLI mitigation techniques as clearly stipulated in the RAN4 adjacent channel coexistence studies summarized in TR 38.858, section 11.3.5 [2]. 
We are requesting (cf. Observation 2, above) that a revision (clarification) of the WID be made to clearly indicate that adjacent channel as well as co-channel CLI handling techniques shall be studied in Rel. 19.
Proposal 2: Rel-19 WID should be revised with the following:
· Specify enhancements for CLI handling [RAN1, RAN2, RAN3, RAN4]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Further, support CLI handling scheme(s) to also include adjacent channel interference 
· Note: Without dedicated optimization for dynamic/flexible TDD
· Specify BS RF requirements for SBFD operation at gNB [RAN4]
· Specify applicable RRM core requirements for co-channel and adjacent channel CLI handling mechanisms [RAN4]
5 Conclusions
In this document we discussed the CLI handling mechanisms that may be necessary for SBF operations.  We highlighted following observations and proposals.
Observation 1: Adjacent channel gNB-gNB and UE-UE CLI are going to affect the operation of adjacent network employing legacy TDD operations as well as the operations of the network employing SBFD.
Observation 2:  In TR38.858 section 11.3.5 [2], RAN4 summarized the coexistence findings where significant adjacent channel interference was observed and stipulated that ‘ … interference mitigation techniques will need to be considered’.
Observation 3: Given that the TR 38.858 [2] clearly alerts to significant performance degradation due specifically to CLI caused directly by adjacent channel interference, if the CLI mitigation techniques solely focus on co-channel interference, the undisputed reality of CLI directly induced by adjacent channel interference (TR 38.858 [2]) might undermine the success of an effort solely focus on co-channel CLI mitigation.
Proposal 1: Adjacent- as well as co-channel CLI mitigation techniques need to be studied in Rel. 19
Observation 4:  Communication interfaces between neighbouring networks of two adjacent-channel operators may be enabled based on supporting specifications along with business and/or legal agreements in order to coordinate TDD-UL-DL configurations and avoid adjacent channel CLI in each other’s network.  
Proposal 2: Rel. 19 WID should be revised with the following:
· Specify enhancements for CLI handling [RAN1, RAN2, RAN3, RAN4]:
· Support gNB-to-gNB co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117)
· Support UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858 by RAN1#117) 
· Further, support CLI handling scheme(s) to also include adjacent channel interference
· Note: Without dedicated optimization for dynamic/flexible TDD
· Specify BS RF requirements for SBFD operation at gNB [RAN4]
· Specify applicable RRM core requirements for co-channel and adjacent channel CLI handling mechanisms [RAN4]
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