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Introduction
In RAN1#109e following agreements were made regarding the deployment scenarios

	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.



From an HMNO (Hybrid Mobile Network Operator) perspective deployment case 4 is the most pertinent as it can reveal any effect(s) of incumbent TDD networks on networks supporting SBFD and vice versa.
In RAN1#109e following decision was also made regarding deployment case 4, choosing Urban Macro for FR1.

	Agreement:
For SBFD Deployment Case 4, at least consider the following scenarios for evaluation from RAN1 perspective:
FR1: Urban Macro
FR2-1: Dense Urban Macro layer
FFS: UE outdoor/indoor proportion, clustering, etc
FFS: the grid shift between two networks, e.g., 0%, 100%
FFS: Indoor hotspot, Dense Urban Micro layer











In RAN1#110 further details were agreed and deployment cases to be evaluated in RAN1 were prioritized.
	Conclusion
· For SLS of NR duplex evolution, Rural scenario is not considered in Rel-18.
· For NR duplex evolution evaluation, FR2-2 is not considered in Rel-18.
Agreement
For SBFD evaluation from RAN1 perspective, the evaluation assumptions that are specific for Deployment Case 2 and Case 3-1 can be discussed with low priority.
Agreement
RAN1 strives to agree on system-level simulation parameters for SBFD deployment case 4 by RAN1#110bis-e with specific focus on different power levels and load levels between two operators in adjacent carriers.



In this contribution, we provide some system simulation results for deployment case 4 in which two operators have networks in adjacent band carriers and one of the operators is employing NR Frequency Division Duplex.  
Discussion
1.1 Deployment Scenarios
From an operator perspective, before networks supporting SBFD are deployed, it is imperative to study not only whether legacy UEs and SBFD–compatible UEs can coexist but also whether the new SBFD networks can coexist with incumbent legacy TDD networks.  It is necessary to study not only co-channel interference (e.g., single operator case) but also adjacent channel interference caused in the case of adjacent networks that are operated by two different operators.  In the case of two different operators, there is no coordination between the gNBs of two respective networks to reduce the adjacent channel interference into each other’s networks. Hence, new features introduced in the networks should be evaluated/studied by RAN1 and RAN4 in terms of their effects on the incumbent networks so that operators are aware of any effects before deploying the new features in their networks.
To study the coexistence scenario between legacy TDD and SBFD capable networks, an interesting case will be to study the interaction of Macro to Micro networks, where Macro networks employ SBFD operation at the gNBs and Micro ones use legacy TDD systems.  The need is to see whether incumbent TDD systems in the Micro networks will see more interference with the deployment of SBFD in Macro networks in the adjacent carrier, which may have much greater transmit power than the Micro networks.  
Proposal 1: RAN1 to consider an urban macro to dense urban micro scenario for the evaluation of SBFD deployment case 4
· Macro network uses SBFD operation
· All the gNBs for Macro use the same SBFD subband configuration
· Micro network uses legacy static TDD operation
· All the gNBs for Micro network use the same TDD configuration





1.2 System-Level Evaluations
For system-level evaluations, in the case of two operators, there shall be no cooperation between them to coordinate the direction (‘D’ or ‘U’) of their TDD slot configurations, including the SBFD (‘X’) slots (which are superimposed on underlying TDD slots in the 'D' direction).  Maximum interference will arise when all uplink slots (“U”) of legacy TDD in the micro networks overlap with SBFD slots (“X”) of the macro networks.  This scenario will create the maximum adjacent channel interference in the micro networks, as UE uplink transmit power can be much less than the gNB downlink transmit power in the macro networks.  RAN1 should evaluate SBFD deployment cases where the legacy TDD and SBFD operators are non-coordinated w.r.t. the directions of their underlying TDD slots.
Proposal 2: For the TDD Configuration for Case 4, the following needs to be considered
1. Baseline:
· Micro Networks: All gNBs use a common static legacy TDD configuration, DDDDU
· Macro Networks: All gNBs use a common static legacy TDD configuration, DDUDD
2. Duplex evolution with SBFD
· [bookmark: _Toc115258497][bookmark: _Toc115421610][bookmark: _Toc115426259][bookmark: _Toc115426449][bookmark: _Toc115432710][bookmark: _Toc115432775][bookmark: _Toc115434279][bookmark: _Toc115457239][bookmark: _Toc115457317][bookmark: _Toc115476250][bookmark: _Toc115476514][bookmark: _Toc115476895][bookmark: _Toc115476992]Micro Networks: All gNBs use a common static TDD configuration, DDDDU
· Macro Networks: All gNBs use a common static TDD configuration, XXUXX, where “X” stands for an SBFD slot in which there are PRB resources allocated to DL, UL, and to some guard band (GB).  An X slot has PRB allocated as DL GB UL GB DL

In RAN1#110-bis-e a decision was made regarding the power levels between networks to be used in deployment case 4 evaluations

	Agreement
For SBFD Deployment Case 4, different power levels in adjacent carriers can be simulated and it is up to company to report the power levels.



From the transmit power level between the two adjacent bands, n77 band is the most challenging frequency band.  Band n77 contains AMBIT on its lower edge, CBRS in its middle and C-band on its upper edge as shown in Figure 1.

[image: ]
[bookmark: _Ref111185997]Figure 1 Details of n77 spectrum band
The transmit power limits of AMBIT and C-band may be 25 dB to 30 dB higher than the transmit power limits in CBRS band. The regulations may be lenient for Out-Of-Band (OOB) emission requirements for devices in, e.g., C-band causing Cross Link Interference (CLI) in CBRS band.  Hence, the placement of the CBRS band with no guard band in-between its two adjacent high-power bands may create a challenge, as filters might not be able to sufficiently attenuate strong channel signals used in either of the two networks.  This CLI may affect the gNBs as well as UEs in the networks operating in CBRS band. It will be interesting to study the impact on legacy TDD networks in the CBRS band by an operator that places a sub-band full duplex (SBFD) network at the edge of the C-band.  CLI may increase, if the TDD configurations of the SBFD networks is changed dynamically on per slot basis or is uncoordinated.

Observation 1: The permitted frequency placement of SBFD deployment(s) at the edge of the C-band along with the large transmit power differential relative to its neighbouring CBRS band will impact the CLI inflicted on legacy TDD networks in the CBRS band.
System evaluation results
Based on the above observations, system-level simulations were carried out to assess the impact of SBFD deployed as the urban macro network in the C-band on the legacy incumbent dense urban micro TDD networks in the CBRS band.  Bandwidths simulated were the ones currently used in most of the deployed networks in these bands.  For evaluation purposes SBFD feature was not fully built in the system-level simulator, instead a quasi-SBFD system was used to evaluate the effect of SBFD capable macro networks on the legacy TDD micro networks.  Quasi-SBFD system is shown in Figure 2.
[image: ]
[bookmark: _Ref118540741]Figure 2 Quasi-SBFD system
As shown in Figure 2, quasi-SBFD system has DL PRBs allocated at its frequency edges in the slots marked “D” (for DL) while the UL PRBs are left empty.  The slot marked “U” (for UL) has all its PRBs allocated for UL.  The intent of using this quasi-SBFD system was to study the effect of a strong SBFD capable Macro cell on the incumbent legacy TDD Micro cell in the adjacent band, when the TDD and SBFD slot configurations are non-coordinated.  For the simulations, the radiated transmit power delta between the macro and micro networks was ~35 dB to emulate the radiated transmit power deltas that could be seen in networks deployed in the CBRS and C bands.  Since macro cells were not expected to receive any UL transmissions during the DL slots, transmit/receive antenna isolation was not a problem during the simulations.  In our simulation, the total transmit power was kept constant between legacy TDD and SBFD, meaning that total power was divided equally across all the PRBs allocated to DL.  In the simulations, both the networks are assumed to have low load (Buffer Occupancy ≤ 25%). While this setup places UL at some disadvantage, it does allow us to simulate the effects of SBFD in the worst case (for a legacy TDD operator in the micro (CBRS) network).
The parameter used for these simulations are shown in Appendix A and the throughput results of these simulations are shown in Figure 3.
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[bookmark: _Ref118547091]Figure 3 Comparison of mean user throughput for DL (upper) and UL (lower) for Micro network deploying legacy TDD and Macro network deploying static TDD or quasi-SBFD.  Micro and Macro networks use non-coordinated TDD and SBFD slot configurations
In this particular case of relative transmit powers, as can be seen in Figure 3, the DL performance of the incumbent micro network using legacy TDD is the same, and it doesn't matter if adjacent high transmit power macro network switches from legacy non-coordinated TDD to non-coordinated quasi-SBFD.  The loss of throughput in the macro cell in going from legacy TDD to quasi-SBFD is because in the quasi-SBFD mode there are fewer PRB resources available for DL.  In the UL, the micro network shows very little delta in user throughput when the macro network switches from legacy TDD to quasi-SBFD.  This is because in our simulation the transmit power per PRB increases for the quasi-SBFD case and hence the total adjacent channel interference should be slightly larger compared to the case of using non-coordinated legacy TDD in the C-band.  For the macro cell, the UL throughput does not change between legacy TDD and quasi-SBFD because in our simulations there are no extra resources allocated during the slots marked “D” in quasi-SBFD mode. 
Observation 2: For the combination of transmit powers in the simulation referenced above, the performance of an incumbent legacy TDD network in the adjacent band is affected on UL more than on DL if the network in the adjacent C-bands switch from legacy non-coordinated TDD system to SBFD. Other possible transmit powers in the respective networks can have a more pronounced effect on an incumbent micro legacy TDD operator (such as in the CBRS band).
Conclusion
In this contribution, we discuss need to study NR duplex evolution using practical deployment networks in n77 Following are our observations and proposals:

Proposal 1: RAN1 to consider an urban macro to dense urban micro scenario for the evaluation of SBFD deployment case 4
· Macro network uses SBFD operation
· All the gNBs for Macro use the same SBFD subband configuration
· Micro network uses legacy static TDD operation
· All the gNBs for Micro network use the same TDD configuration
Proposal 2: For the TDD Configuration for Case 4, the following needs to be considered
3. Baseline:
· Micro Networks: All gNBs use a common static TDD configuration, DDDDU
· Macro Networks: All gNBs use a common static TDD configuration, DDUDD
4. SBFD
· Micro Networks: All gNBs use a common static TDD configuration, DDDDU
· Macro Networks: All gNBs use a common static TDD configuration, XXUXX, where “X” stand for SBFD slot in which there are PRB resources allocated to DL, UL, and some guard band (GB).  X slot configuration is DL GB UL GB DL

Observation 1: The permitted frequency placement of SBFD deployment(s) at the edge of the C-band along with the large transmit power differential relative to its neighbouring CBRS band will impact the CLI inflicted on legacy TDD networks in the CBRS band.
Observation 2: For the combination of transmit powers in the simulation referenced above, the performance of an incumbent legacy TDD network in the adjacent band is affected on UL more than on DL if the network in the adjacent C-bandes switch from legacy non-coordinated TDD system to SBFD. Other possible transmit powers in the respective netwoirks can have a more pronounced effect on an incumbent micro legacy TDD operator (such as in the CBRS band).
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Appendix A
System level simulation parameters

	Parameters
	FR1

	 
	Victim cell (Operator 1)
	Aggressor Cell (Operator 2)

	Frequency (GHz)
	3.63
	3.72

	System bandwidth 
	40 MHz

	40 MHz


	Channel
	Dense Urban Micro Street canyon
	Urban Macro

	Duplexing
	Legacy TDD
80/20 – DDDDU
1: BW = 40 MHz, SCs = 30 kHz, Total PRBs = 106

	1. Non-coordinated, legacy TDD (80/20 – DDUDD)

2. Quasi-SBFD config 
Freq. domain: DL UL DL
BW = 40 MHz, SCs = 30 kHz, Total PRBs = 106: 40 PRBs for each DL, 20 PRBs for UL, 3 PRBs as guard bands on either side of UL, UL PRBs are left empty during slots marked "D", while “U” slots have all PRBs allocated for UL

	BS EIRP (dBm)
	42.5

	78


	BS OOB Emission Mask
(FCC Regulation)
	-40 dBm/MHz
	-13 dBm/MHz


	UE EIRP
	23 dBm
	23 dBm

	BS antenna height (m)
	6
	25

	MIMO
	Rank-1: 2x2
	Rank-1: 2x2

	Traffic
	Low load
	Low load

	Layout
	Macro layer:
· Hexagonal grid with 7 macro sites and 3 sectors per site
Micro layer: 
· 7 Micro BSs per Macro BS with 1 sector per site

	Inter BS (2D distance)
	Macro-to-macro: 500 m
Minimum Macro-to-micro-center distance: 144 m 

	Minimum BS-UE (2D) distance
	Macro to UE: 35 m
Micro to UE: 10 m

	Numerology
	14 OFDM symbol slot
SCS = 30kHz, Normal CP

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9 dB

	Scheduling
	Proprietary PF 
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