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Introduction
In RAN1#109e following agreements were reached for evaluation on NR duplex evolution.  
	Agreement
For discussion purpose for evaluation, define the following deployment cases for SBFD:
· Deployment Case 1 (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.
· Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation, but different cells may use different SBFD subband configurations.
· Deployment Case 3 (Co-channel co-existence case): One single operator using one single carrier is considered. Among the cells belonging to the operator, some of them use legacy TDD operation (static TDD operation) while the others use SBFD operation with the same SBFD subband configuration.
· Deployment Case 3-1: Only 1-layer is considered 
· Deployment Case 3-2: 2-layer is considered
· Deployment Case 4 (Adjacent-channel co-existence case): Two operators each using one carrier are considered and the two carriers are adjacent carriers. One operator uses legacy TDD operation (static TDD operation) while the other operator uses SBFD operation with the same SBFD subband configuration.
Note: This definition has no intention to preclude any potential solutions for SBFD in AI9.3.2
Note: SBFD subband configuration is from gNB perspective.
Agreement
For discussion for duplex evolution study (all agenda items), consider the following as RAN1’s common understanding:
· Co-channel interference: The interference is from the aggressor to the victim in the same carrier.
· Co-channel intra-subband interference: The interference is caused by transmission of the aggressor on a set of contiguous RBs in a carrier to reception of the victim on the same set of contiguous RBs in the same carrier.
· Co-channel inter-subband interference: The interference is caused by transmission of the aggressor in a first set of contiguous RBs in a carrier to reception of the victim in a second set of contiguous RBs in the same carrier, where the two contiguous RB sets are non-overlapping in frequency.
· Adjacent channel interference: The interference is from the aggressor in carrier#1 to the victim in carrier#2, where the carrier#1 and carrier#2 are adjacent carriers.
Note 1: ‘Co-channel’ here means ‘co-carrier’. ‘Adjacent-channel’ here means ‘adjacent-carrier’.

Agreement
For discussion for duplex evolution study (all agenda items), consider the following as the common understanding in RAN1 on the definition of interference types for SBFD operation:
· gNB self-interference (SI): Interference caused by DL transmission on a set of DL RBs in a carrier to UL reception on a set of UL RBs in the same carrier at the gNB side, where the two RB sets are non-overlapping in frequency.
· gNB-UE co-channel intra-subband interference: This is the same as the legacy DL interference type in legacy TDD network with static TDD UL/DL configuration.
· UE-gNB co-channel intra-subband interference: This is the same as the legacy UL interference type in legacy TDD network with static TDD UL/DL configuration.
· (inter-cell) inter-site gNB-gNB co-channel intra-subband CLI: CLI caused by DL transmission of the aggressor gNB on a set of RBs in one carrier to UL reception of the victim gNB in a different site on the same set of RBs in the same carrier.
· (inter-cell) co-site inter-sector co-channel intra-subband CLI: CLI caused by DL transmission of the aggressor gNB on a set of RBs in one carrier to UL reception of the victim gNB in another sector of the same site on the same set of RBs in the same carrier.
· (inter-cell) UE-UE co-channel intra-subband CLI: CLI caused by UL transmission of the aggressor UE on a set of RBs in one carrier to DL reception of the victim UE on the same set of RBs in the same carrier. 
· (inter-cell) inter-site gNB-gNB co-channel inter-subband CLI: CLI caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to UL reception of the victim gNB in a different site on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.
· (inter-cell) co-site inter-sector co-channel inter-subband CLI: CLI caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to UL reception of the victim gNB in another sector of the same site on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.
· (intra-cell/inter-cell) UE-UE co-channel inter-subband CLI: CLI caused by UL transmission of the aggressor UE on a first set of RBs in a carrier to DL reception of the victim UE on a second set of RBs in the same cell or neighboring cell in the same carrier, where the two RB sets are non-overlapping in frequency.
· gNB-gNB adjacent-channel CLI: CLI caused by DL transmission of the aggressor gNB in a carrier to UL reception of the victim gNB in another adjacent carrier.
· This includes adjacent-channel CLI between gNBs in the same and different sectors of the same site, i.e., co-site intra and inter-sector adjacent-channel CLI.
· UE-UE adjacent-channel CLI: CLI caused by UL transmission of the aggressor UE in a carrier to DL reception of the victim UE in another adjacent carrier.
Note: Some of the interferences may not be used according to the deployment scenarios, e.g, whether the SBFD subband configurations are the same or different across gNBs.
Note: This does not imply we need to consider all the above interference types in evaluation for SBFD.



In this contribution, we provide our views about some additional considerations to take into account while evaluating the agreed deployment scenarios for NR Duplex evolution.  
Discussion
2.1 Deployment Scenarios
Figure 1 shows N77 operating band that spans from 3.45 GHz to 4.2 GHz. Band N77 is broken up into three bands: AMBIT band (lower N77) which spans from 3.45 GHz to 3.55 GHz, CBRS band (N48) spanning from 3.55 GHz to 3.7 GHz and C band (upper N77) spanning from 3.7 GHz to 4.2 GHz (in USA limited to 3.98 GHz). The CBRS band employs a multitier shared spectrum access model with the PAL and GAA access being controlled in favor of incumbent access.  
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[bookmark: _Ref111185997]Figure 1 Details of N77 spectrum band
There are no guard bands between CBRS and the adjacent bands on both sides. However, the power limits in CBRS band may de facto be significantly lower than its neighbours in AMBIT and C-band. The placement of the CBRS band with no guard band in-between creates a challenge as filters might not be able to sufficiently attenuate any strong adjacent channel signals encountered in either network.  This may cause Cross Link Interference (CLI) in AMBIT, CBRS and C-bands and this CLI affects the gNBs as well as UEs in these three networks.

Observation 1: AMBIT, CBRS and C bands will suffer from CLI from each other as there is no guard band between them.  This CLI will affect gNBs as well as UEs in these three networks.

Legacy TDD systems deployed in these bands are designed to observe regulatory limits w.r.t. in-band EIRP limits and out-of-band (OOB) emissions into adjacent channels.  This helps limit the magnitude of Cross Link Interference (CLI) to networks with a different TDD configuration on the same channel as well as adjacent channels.  With the expectation of placing sub-band full duplex (SBFD) networks in adjacent channels with legacy TDD networks from another operator will impact legacy networks more severely. For example, if SBFD deployments are allowed to be located at the edge of the C-band or/and AMBIT bands then legacy networks in CBRS band will be impacted severely with CLI.  CLI may increase, if the TDD configurations of the SBFD networks is changed dynamically on per slot basis.

Observation 2: The permitted frequency placement of SBFD deployment(s) and the flexibility of dynamically switching TDD configurations within these sub-bands impact the CLI caused to legacy networks.

Since RAN1 is responsible for the design of frequency allocation of SBFD deployments, then it should take into account the N77 band and come up with a simpler solution of not allowing full-duplex sub-bands to be placed at the band-edge.  How close to the band edge can these sub-bands be placed should be determined based on experimental studies.  

Proposal 1: For mitigation of CLI, it is desirable to not place full-duplex sub-bands at the edge of a conventional TDD band especially in the bands with no guard bands such as N77.

2.2 System Level Evaluations
With the agreed deployment scenarios in RAN1#109e, it is our recommendation to study CLI effects in band N77 especially for uncoordinated systems as highlighted in deployments cases 2 to 4. Deployment case 4, with two operators should be studied with one operator in AMBIT or C-band while the other operator in CBRS band. In the simulations the transmit power limits of two bands should be observed and the two operators should have the ability to switch TDD configuration dynamically. This CLI study will be useful in deciding the placement of full duplex sub-bands at the band edge.

Proposal 2: Study the CLI effect in N77 band especially the effect of adjacent bands with SBFD and dynamic TDD to decide the placement of full duplex sub-band networks at the band edge.

All the agreed upon interference analysis in RAN1#109e is either co-channel or adjacent channel interference. Our proposal is to include blocking interference in the study keeping in view N77 band—specifically including the case when an aggressor is not immediately adjacent to a victim in CBRS band, but may operate at significantly higher transmit power than the CBRS victim. As indicated in the previous section the powers in adjacent interfering bands such as C-band or AMBIT bands, may be significantly larger than the power of the desired/operating band such as CBRS band. This power imbalance is going to significantly affect the CBRS network, especially one operating at the band edge. With the placement of uncoordinated systems in these bands the blocking interference should be studied thoroughly and should be used to decide the placement of full duplex sub-band at band edge.  

Proposal 3: Study the blocking interference in the full duplex sub-band networks and decide the placement of full duplex sub-band at band edge.
Conclusion
In this contribution, we discuss NR duplex evolution with respect to N77 band which is a band of interest for a lot of operators.  Following are our observations and proposals:

Observation 1: AMBIT, CBRS and C bands will suffer from CLI from each other as there is no guard band between them.  This CLI will affect gNBs as well as UEs in these three networks.

Observation 2: The permitted frequency placement of SBFD deployment(s) and the flexibility of dynamically switching TDD configurations within these sub-bands impacts the CLI caused to legacy networks.

Proposal 1: For mitigation of CLI, it is desirable to not place full-duplex sub-bands at the edge of a conventional TDD band especially in the bands with no guard bands such as N77.

Proposal 2: Study the CLI effect in N77 band especially the effect of adjacent bands with SBFD and dynamic TDD to decide the placement of full duplex sub-band networks at the band edge.

Proposal 3: Study the blocking interference in the full duplex sub-band networks and decide the placement of full duplex sub-band at band edge.
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