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Introduction
Rel-18 Study Item on evolution of NR duplex operation has been approved with the target to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operation. According to latest SID in [1], the study would be based on assumptions as below:
	· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges


And from RF impact perspective, there are two items to be considered based on above assumptions as stated in SID:
	· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).


This contribution is aim to provide the initial observations on RF impact due to NR duplex evolution according to scope in SID. 
Discussion 
The study item on NR duplex evolution contains two directions for discussion as SBFD (sub-band non-overlapping full duplexer) and potential enhancement on dynamic/flexible TDD based on common evaluation focusing on co-channel SLS(in RAN1) and adjacent SLS(in both RAN1 and RAN4).

For scenario of co-channel case, even though co-existence SLS is out of RAN4 scope, RAN4 is still tasked to study corresponding feasibility and RF impact. And the additional co-channel interference is caused by SBFD, for which, as indicated in SID and agreement in RAN1, the SBFD subband configuration is only from gNB perspective as illustrated in figure 1. 
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Figure 1: Legacy TDD operation Vs. SBFD operation 
gNB self-interference for SBFD operation
As presented in our companion contribution [4], the self-interference cancellation ratio can be contributed by several schemes such as antenna isolation, subband frequency isolation, digital IC, and beam nulling, etc. And as long as the self-interference to be observed in BB receiver after total SIC can be below 6dB compared with thermal noise, it would be recognized as feasible for gNB to be configured as SBFD operation individually. Obviously, the necessity on RF requirement impact still needs further discussion. Additionally, there is corresponding RAN1 agreement [2] as below which should be taken into account in future discussion.
	Agreement related subband and guardband
The time and frequency location of subbands within a TDD carrier are not fixed in the specification.
· Subject to any RAN4 guidance on minimum or maximum subband and guardband size and subband location within TDD carrier. 
· Note that whether the time and/or frequency location of subbands are informed to UE is separately discussed.
Agreement on antenna 
For evaluation of SBFD operation, BS uses separate panels for simultaneous downlink transmission and uplink reception, we can call it separate-Tx/Rx antenna array for description of evaluation assumption.
· Companies can report the separation of the Tx panel and Rx panel assumed in their simulation.
· Companies can report how the antenna elements are used for transmission or reception in a slot if BS does not perform simultaneous downlink transmission and uplink reception.


 
Observation 1: for gNB co-channel self-interference case, the RF impact on gNB perspective can be discussed further with the items/scenario in RAN1 LS as starting point. 

Co-channel inter-subband CLI cases
Besides gNB co-channel self-interference due to SBFD operation and traditional interference between gNB and UE, there are also other co-channel interference cases as below. 
· UE-to-UE intra-cell co-channel inter-subband CLI
· UE-to-UE inter-cell co-channel inter-subband CLI
· gNB-to-gNB inter-cell co-channel inter-subband CLI
In case of UE-to-UE co-channel inter-subband CLI, from RAN4 perspective, intra-cell or inter-cell doesn’t make any difference other than potential different PL due to distance between UEs under calculation. It’s assumed that whether gNB under SBFD operation can be transparent for UE, especially for legacy ones, to be served. Furthermore since the gNB and UE operating bandwidth can be configured differently in NR era, it’s not precluded that UE operating CC bandwidth can be configured perfectly matching with subband size of gNB under SBFD operation. Then the legacy UE-UE CLI modeling can be applied, i.e, the UE-UE ACIR could be utilized. Consequently, there should be no impact on UE requirement from CLI perspective compared with legacy UE behavior. This could enable SBFD operation for legacy UE which is preferred from implementation perspective. However, this definitely will have impact on utilization on guard band RBs which is not favored from spectrum utilization perspective. On the other hand, if the operating bandwidth of gNB and UE is identical, there are potential two sets of requirement to be considered which may be dependent on UE capability according to implementation. Anyway, whether and how to configure the subband and guardband for gNB SBFD operation should be studied further based on RAN1 and RAN4 input. 
Observation 2: for UE-to-UE co-channel inter-subband CLI, further discussion is needed dependent on SBFD subband configuration. 
For gNB-to-gNB inter-cell co-channel inter-subband CLI, as summarized in [4], for co-site case it’s proposed to assume equivalent capability of interference cancellation as RSIC. Otherwise, it’s not possible to ensure co-channel co-existence with co-site allocation. For co-channel inter-site case, similar to UE two candidates of IC capability is provided which also dependent on gNB implementation. 
Observation 3: For gNB-to-gNB inter-cell co-channel inter-subband CLI, the gNB location will have impact on IC capability requested to ensure gNB co-channel co-existence. 

Adjacent channel co-existence
Adjacent channel co-existence study in RAN4 traditionally is to derive the necessary ACIR level or to check the feasibility to ensure the co-existence based on existing ACIR level. For adjacent channel co-existence case, it should be emphasized that it isn’t possible to request enhanced performance on legacy gNB and UE from RF perspective. Hence all the study should be based on the assumption to reuse legacy parameters for legacy systems. Whether improvement is needed on gNB under SBFD operation should be reviewed by co-existence study as discussed separately in [5]. 
Observation 4: for adjacent channel co-existence, whether enhancement is needed for gNB capable of SBFD operation needs further study. 

In summary, the RAN4 scope on feasibility and RF impact study can be reorganized according to aforementioned analysis as:
	· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· This one can be covered by adjacent channel co-existence study
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· gNB self-interference and inter-subband CLI belong to study on co-channel interference 
· gNB/UE inter-operator CLI belongs to adjacent channel study 
· UE inter-subband CLI may cover both co-channel and adjacent channel from UE perspective




In addition, there is a summary on candidate method for CLI handling discussion as table below for gNB and UE CLI issue respectively, which may have potential impact on RAN4 discussion on feasibility and requirement. 
Table 1: Agreement on candidate method for CLI handling 
	Candidate Method list of gNB-to-gNB CLI handling 
	Candidate Method list Method of UE-to-UE CLI handling

	For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of gNB-to-gNB CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· gNB-to-gNB CLI measurement and reporting
· Coordinated scheduling 
· Spatial domain enhancements
· Advanced receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Potential enhancements to Rel-16 RIM
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for inter-gNB CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancements specific for SBFD will be discussed in 9.3.2
	For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of UE-to-UE CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· Potential enhancements to UE-to-UE CLI measurement/reporting
· Coordinated scheduling
· Spatial domain enhancements, 
· Advanced Receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for UE-to-UE CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancement specific for SBFD will be discussed in 9.3.2


Observation 5: the candidate method for CLI handling may have impact on feasibility and RF impact which needs further study dependent on RAN1 further conclusion. 

Furthermore, according to RAN1 guideline, dedicated discussion on each case may be applied in future meetings.  
	Guideline for future meetings
· Note: AI 9.3.3 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD.
· Note: AI 9.3.2 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for SBFD.



Conclusion   
There are quite a lot aspects should be taken into account in future discussion on feasibility study and RF impact due to NR duplex evolution. It’s suggested to discuss the feasibility based on understanding of the scenario first and then to study the potential impact on RF requirement accordingly. 
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