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[bookmark: _Toc116995841]Introduction
In 2022, a new study item work on evolution of duplex operation [1] was started, with the target to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operation.
The detailed objectives specified in [1] are as follows:
	· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· 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).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).

Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 




In this contribution we provide TP to TR 38.858 with differences in simulation assumptions of RAN1 and RAN4. 
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<Start of TP to TR 38.858>
E.4	Differences in simulation assumptions of RAN1 and RAN4
E.4.1 Simulation objectives in RAN1 and RAN4
RAN4 simulations are focused on coexistence analysis between two networks operating on adjacent channels. Specifically, RAN4 evaluated the impact of a SBFD network towards a (legacy) TDD network and vice versa. The RAN4 coexistence evaluation is conducted considering the different scenarios and cases listed in Annex E.1 in Table E.1-1 and Table E.1-2, respectively.
RAN1 conducted the SBFD performance assessment with the main purpose of understanding SBFD performance benefits over legacy static TDD, as well as to investigate the potential of different techniques to combat the cross-link interference present in SBFD.  Four deployment cases are considered for evaluation in RAN1, as described in Clause 7.1. 
E.4.2 Simulation methodology in RAN1 and RAN4
Typically, RAN4 simulations consists of multiple drops (with different UE positions, etc.) where each drop represents a ‘snapshot’ of the network at a particular time. For each drop, RAN4 simulation methodology is outlined in Section E.3.1. Note that RAN4 simulations are fully static (i.e., no time-variant processes, such as fast fading or UE movement, are modeled) so the obtained SINR and throughput statistics intend to capture long-term averaged SINR and throughput performance of the corresponding user. The reported throughput represents the upper bound based on the Shannon capacity. Additionally, RAN4 considers full buffer assumptions with no HARQ or dynamic link adaptation as typically RAN4 is studying coexistence from RF emissions point of view. 
On the other hand, RAN1 system level simulations are generally time-driven simulations which try to capture most of the system dynamics. This includes dynamic traffic models resulting in time-varying load and interference conditions, as well as several radio resource management (RRM) functionalities such as CSI acquisition, HARQ retransmissions, packet scheduler, MIMO (including beamforming and precoding techniques) and link adaptation. For each simulated link, a stochastic 3D channel model is used to generate fast-fading components taking into account the angular and delay spreads of the channel, as specified in TR 38.901.  Given the dynamicity of the underlying system model, throughput and SINR vary over time for each simulated user. 
E4.3 System level differences between RAN1 and RAN4
This section highlights some differences between the SBFD system level simulations performed in RAN1 and RAN4. A table is presented in Table E.4.3-1 lists a highlight of such differences, while using FR1 Urban Macro scenario as an example. It’s worth noting that there are other differences in simulation methodologies and assumptions due to the different objectives and mechanisms considered by two separated groups as highlighted in the above. For the interested reader, the detailed assumptions along with the different methodologies can be found in Annex E for RAN4 and in Annex A and B for RAN1 simulations.
[bookmark: _Ref141169408]Table E.4.3-1: An exemplary table of comparison between RAN1 and RAN4 for FR1 UMa
	Parameter
	RAN4 assumption
(All details provided in Annex E)
	RAN1 assumption
(All details provided in Annex A and B)

	Network layout 
	Single layer with 19 sites, each with three hexagonal sectors (57 cells in total); Wrap around
	Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around (see Figure A.1.1-2) 
Optional: Hexagonal grid with 19 macro sites and 3 sectors per site with wrap around.

	UE deployment
	1 UE per cell per subband, 20% indoor probability as baseline
	Baseline: UE clustering distribution.

Optional: Uniform UE distribution (10 users per macro TRP per direction, and all users are randomly and uniformly dropped within the macro cell)

Details in Annex A.1.2, Table A.1.2-1

	BS self-interference isolation
	UL receiver sensitivity degradation due to self-interference is 1dB.
	UL receiver sensitivity degradation due to self-interference is 1dB.

Details in Annex A.2.1.

	BS Inter-sector interference isolation
	UL receiver sensitivity degradation due sum of all inter-sector gNB-gNB CLI per site is 1 dB 
(i.e., corresponds to Noise floor - 6 dB).

Note: for FR1 wide area scenario, this means the overall inter-sector isolation is dependent on the above as well as the gNB Tx power
	Total inter-sector isolation is the sum of spatial isolation + BS-BS ACIR. Agreed values for spatial isolation are:

- Option 1: 75dB (spatial isolation), 0dB digital isolation
- Option 2: 93dB (spatial isolation), 0dB digital isolation
- Option 3: 100dB (spatial isolation), 0dB digital isolation
- Option 4: 100dB (spatial isolation), 10dB digital isolation (recommended by Moderator)

Details in Annex A.2.3.


	Propagation model
	BS-to-UE: UMa see TR 38.803
BS-to-BS: UMa see TR 38.803
For LoS probability for Macro-to-Macro case:
· Option 1: If the 2D distance between two Macro gNBs are less than or equal to the ISD (200m for Dense Urban, and 500m for Urban Macro), set the LOS probability to X; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.828.
· X = [0.75]
· For other cases, reuse gNB-to-UE LOS probability equation in TR 38.803.
· Option 2: Reuse the same model as in TR 38.828 with h_UT equals to 25m;
· Option 2 as 1st priority and option 1 as 2nd priority 

UE-to-UE: UMi see TR 36.828, subclause 5.2.2.1. Model is not applicable when 2D distance is less than 10m, instead free space model is applicable.
Optional: TR 38.901 model
	BS-to-UE: UMa in TR 38.901

BS-to-BS: UMa in TR 38.901 (hUE =25m). If the 2D distance between two Macro gNBs are less than or equal to the ISD, set the LOS probability to 75%; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.901.

UE-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m). For UE-UE penetration loss, Table A.2.1-12 in TR 38.802 is used with modification on the criterion used to determine whether two indoor UEs are in the same building.

Details in Annex A.3 for BS-UE, BS-BS, and UE-UE channel modelling. 


	BS transmission power
	1st priority: 49 dBm for 100 MHz
2nd priority: 53dBm for 100MHz
	Baseline: 53 dBm for 100 MHz; Optional: 49 dBm for 100 MHz

Details in Annex B.1.

	Traffic
	Full buffer (100% resource load)
	FTP3 traffic model consisting of Poisson packet arrival process and packet size:
- Option 1 (higher priority): 4Kbytes for DL and 1Kbyte for UL
- Option 2 (higher priority): 0.5Mbyte for DL and 0.125 Mbytes for UL
Loads: Low (5-10% RB utilization), medium (20-40%) and high (>50%)

Details in Annex A.6.

	BS Antenna configuration 
	Baseline:
Reuse TR 38.828 antenna model as in 2.2.1.5
For legacy TDD: (Mg,Ng,M,N,P)=(1,1,8,8,2) (dH,dV)=(0.5,0.8)λ
 
For SBFD antenna configuration 1: (Mg,Ng,M,N,P)= (1,1,4,8,2) (dH,dV)=(0.5,0.8)λ
For SBFD antenna configuration 1: (Mg,Ng,M,N,P)= (1,1,8,8,2) (dH,dV)=(0.5,0.8)λ

Optional: Extended AAS model in TR 38.803, subclause 5.2.3.2.4.

	For evaluation of legacy TDD operation, BS uses the same antenna array for downlink transmission and uplink reception, we can call it shared-Tx/Rx antenna array for description of evaluation assumption. For evaluation of SBFD operation, BS uses separate panels for simultaneous downlink transmission and uplink reception. The separate-Tx/Rx antenna array for description of evaluation assumption can be modelled by two panel groups as in Figure A.5-1. Legacy parameters ,  and  are used for description of each panel group. 

Details in Annex A.5.

	BS antenna element gain
	5 dBi (assuming 1.8dB loss)
	8 dBi

	UL scheduling and power control
	Entire bandwidth scheduled to the UL user (for legacy TDD: 100 MHz, for SBFD {DUD} and {DU}: 20MHz). Transmit power selected to reach a SNR target of 15 dB
	One or more UEs scheduled per slot. Open-loop power control where both the number of DL RBs and transmit power per RB is dynamically adjusted according to P0 and alpha parameters.

Details in Annex B.1, Table B.1‑1. 



E.4.4 Modeling of adjacent-channel interference in RAN1 and RAN4
In RAN4, the SINR is calculated based on the power of wanted and interference signals, and noise. The signal power of each link is based on the transmission power and the corresponding coupling loss (CL) of the link. The CL is defined in Annex E.3.4 as the loss including propagation loss and antenna gains with BF weights applied measured between antenna connectors. As baseline assumption, the beamforming model in TR 38.803 clause 5.2.3.1 is used which assumes that there is one beam formed to the scheduled user using all the antenna elements. 
In contrast, for inter-site gNB-gNB adjacent channel interference modeling in RAN1 (Annex A.2.6), the CL is measured on each individual Tx-Rx antenna port using equation (A-16) and then averaged across all Tx-Rx antenna port combinations. 

<End of TP to TR 38.858>

