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1. Introduction
[bookmark: _Hlk97109309]The new RAN1/RAN4 study item on evolution of duplex operation for NR TDD systems in unpaired spectrum was adopted [1]. The assumptions are listed as follows:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges
While the work item objectives are the following:
	· 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. 



[bookmark: _Hlk118734392]This document focuses on the highlighted objective on studying adjacent channel coexistence aspects, building on the discussion and agreements reached in RAN4#104-bis-e as summarized in [2]. 
2. Discussion
2.1 Path-loss model
The following was agreed in RAN4#104-bis-e [2]:
	Path-loss model (Issue 1-3-1)
· Pathloss model reuse TR 38.828 as baseline.
· Pathloss model from TR 38.901 as optional.
· UMi model is not applicable when 2D distance is less than 10m, instead free space model is applicable.
· For LoS probability for gNB-UE, UE-UE cases, use the same model as in TR38.828.
· For LoS probability for gNB-gNB case:
· Option 1: Reuse the same model as in TR 38.828 with h_UT equals to 25m;
· Option 2: 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 38.803.
· X = [0.75]
· For other cases, reuse gNB-to-UE LOS probability equation in TR 38.803.
	Scenarios approved in R4-2214378
	Pathloss for FR1
	Pathloss for FR2

	Urban Macro-> Urban Macro
	gNB-to-gNB
	UMa (h_UE = 25 m) see TR 38.803
	gNB-to-gNB
	UMa (h_UE = 25 m) see TR 38.803


	
	gNB-to-UE
	UMa + penetration loss see TR 38.803
	gNB-to-UE
	UMa + penetration loss see TR 38.803

	
	UE-to-UE
	Outdoor UE – Outdoor UE see TR 36.828
		+ penetration loss see TR 38.803
	UE-to-UE
	UMi (h_BS=1.5 m ~ 22.5 m) 
	  + penetration loss see TR 38.803

	Indoor -> Indoor
	gNB-to-gNB 
	InH-office see TR 38.803
	gNB-to-gNB 
	InH-office see TR 38.803

	
	gNB-to-UE
	InH-office see TR 38.803
	gNB-to-UE
	InH-office see TR 38.803

	
	UE-to-UE
	InH-office see TR 38.803
	UE-to-UE
	InH-office see TR 38.803

	Urban Micro -> Urban Micro
	NA
	gNB-gNB 
	UMi (h_UE=10 m) see TR 38.803


	
	
	gNB-UE
	UMi + penetration loss TR 38.803

	
	
	UE-UE
	UMi (h_BS=1.5 m ~ 22.5 m) 
	  + penetration loss between UEs TR 38.803






As a general comment about the agreement, we would like to mention that the LOS probability equations from both TR 38.828 and TR 38.803 are identical. Then we propose to only refer to one of them, e.g., TR 38.828, to make the guidelines easier to read and avoid potential misunderstandings.
About the applicability of UMi model for distances lower than 10 meters, we would like to raise that same issue occurs for the UMa model when used for the gNB-to-UE links, although the likelihood it is very low. To address this we propose to assume a minimum distance between macro gNB and UE as defined in TR 38.802 for flexible duplex evaluations (Table A.2.1-11).
Proposal 1: Introduce minimum distance rules for the UE dropping, e.g., the defined in TR 38.802, to avoid gNB-UE links where the UMa path-loss equations are not applicable.
For the LOS probability between gNBs, we prefer Option 2. As shown in Figure 1, the LOS probability between 2 macro gNBs separated an ISD of 500 m is quite low (approximately 0.05). This does not properly show the LOS conditions of UMa real deployments, where the probability of having 2 gNBs on top of buildings and in LOS conditions is higher. Moreover the LOS equations are only applicable to maximum UE heights of 23 m and not 25 m.  We would like also confirm the fix value of LOS probability of 0.75 for gNB links whose distance is lower or equal than the ISD. This is also aligned with the agreements RAN1 agreements on system level simulations.
Proposal 2: For LoS probability for gNB-gNB case, support Option 2 discussed in RAN4#104-bis-e:  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; with X = 0.75. Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.828.
In the urban macro scenario, the penetration losses are calculated as described in TR 38.803. A parameter to be aggreed in the simulations is the pertecenge of high-loss and low-loss model for the building penetration loss calculation. Our proposal is to follow RAN1 agreements and simulate 80% low-loss model and 20% high-loss model.
Proposal 3: For outdoor to indoor links in Urban Macro scenario, assume 80% low-loss model and 20% high-loss model.
2.2 BS antenna and TRP considerations
The following way forward was agreed in [2]:
	Agreement GTW session:
· For FR1, using option 1 as baseline assumption 
· Interested companies can also provide results with option2
· For FR2, reuse the same as in 38.828 Section 5.2.2.5 for FR2
· Agreements:
· For SBFD antenna configuration 1 and 2 (See Note below):
· Consider both SBFD configuration 1 and 2 as starting point;
· FFS if we can decide to downscale to pick one of the above configurations.
Note: 
· SBFD antenna configuration 1: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. 
· SBFD antenna configuration 2: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD. 
· FFS the antenna configuration for FR1 Indoor BS
· One candidate Indoor BS configuration for FR1: For legacy TDD: (1,1,4,4,2) and (0.5,0.5) λ; For SBFD antenna config-1: (1,1,2,4,2) (dH,dV)=(0.5,0.5)λ; For SBFD antenna config-2: (1,1,4,4,2) (dH,dV)=(0.5,0.5)λ.

Note: The table below reflects the above agreements in this meeting, for information only.
Table 2.4.1-1 BS antenna configuration for FR1
	
	FR1 – Baseline assumption: Use antenna pattern in TR 38.828 (Option 1)
	FR1 – Optional assumption: Use extended AAS model in Section 5.2.3.2.4 of TR 38.803 (Option 2)

	Urban Macro
	Legacy TDD
	(Mg,Ng,M,N,P)=(1,1,8,8,2) (dH,dV)=(0.5,0.8)λ
antenna element gain: 5 dBi (assuming 1.8dB loss)
	(Mg,Ng,M,N,P)=(1,1,8,8,2), (dH,dV)=(0.5,0.8)λ 


	
	SBFD
	For SBFD antenna config-11: (1,1,4,8,2) (dH,dV)=(0.5,0.8)λ
For SBFD antenna config 22: (1,1,8,8,2) (dH,dV)=(0.5,0.8)λ
	For SBFD antenna config-11: (1,1,4,8,2) (dH,dV)=(0.5,0.8)λ
For SBFD antenna config 22: (1,1,8,8,2) (dH,dV)=(0.5,0.8)λ


	Indoor
	Legacy TDD

	FFS:
One candidate: (1,1,4,4,2), = (0.5, 0.5)λ

	TBA

	
	SBFD
	FFS:
One candidate:
· For SBFD antenna config-11: (1,1,2,4,2) (dH,dV)=(0.5,0.5)λ
· For SBFD antenna config 22: (1,1,4,4,2) (dH,dV)=(0.5,0.5)λ
	TBA

	Note 1: SBFD antenna configuration 1: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. 
Note 2: SBFD antenna configuration 2: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD. 



Table 2.4.1-2 BS antenna configuration for FR2
	
	FR2

	Urban Macro
	Legacy TDD
	(Mg,Ng,M,N,P) =(1, 1, 8, 16, 2) 
(dH,dV)= (0.5λ, 0.5λ)
antenna element gain: 3 dBi (assuming 1.8dB loss)

	
	SBFD
	For SBFD antenna config-11: (1, 1, 4, 16, 2); (dH,dV)= (0.5λ, 0.5λ)
For SBFD antenna config-22: (1, 1, 8, 16, 2); (dH,dV)= (0.5λ, 0.5λ)

	Indoor
	Legacy TDD

	(Mg,Ng,M,N,P) = (1, 1, 4, 8, 2)
(dH,dV)= (0.5λ, 0.5λ)
antenna element gain: 3 dBi (assuming 2dB loss)

	
	SBFD
	For SBFD antenna config-11: (1, 1, 2, 8, 2); (dH,dV)= (0.5λ, 0.5λ)
For SBFD antenna config-22: (1, 1, 4, 8, 2); (dH,dV)= (0.5λ, 0.5λ)

	Urban micro
	Legacy TDD

	(Mg,Ng,M,N,P) =(1, 1, 8, 16, 2) 
(dH,dV)= (0.5λ, 0.5λ)
Maximum directional gain of an antenna element: 3 dBi (assuming 1.8dB loss)

	
	SBFD
	For SBFD antenna config-11 (1, 1, 4, 16, 2); (dH,dV)= (0.5λ, 0.5λ)
For SBFD antenna config-22 (1, 1, 8, 16, 2); (dH,dV)= (0.5λ, 0.5λ)

	Note 1: SBFD antenna configuration 1: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. 
Note 2: SBFD antenna configuration 2: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD.







There is one FFS on the antenna configuration for FR1 Indoor BS. In this regard, our preference is to reuse the ‘candidate’ option provided by the moderator in the above agreement; this option is also aligned with the corresponding RAN1 agreed assumption:
Proposal 4: For the antenna configuration for FR1 BS assume the following: legacy TDD: (1,1,4,4,2) and (0.5,0.5) λ; For SBFD antenna config-1: (1,1,2,4,2) (dH,dV)=(0.5,0.5)λ; For SBFD antenna config-2: (1,1,4,4,2) (dH,dV)=(0.5,0.5)λ.
2.3 UE Distribution
The following relevant way forward was agreed in [2]:
	UE dropping methods in simulation (Issue 1-6-1):
· Option 1: Both evenly random dropping and cluster-based method considered in Urban Macro scenario;
· Option 2: Only evenly random dropping considered in Urban Macro scenario
· Consider cluster-based method in a dedicate scenario, [Urban Hotspot] scenario, than Urban Macro scenario;




For the UE dropping method, we are fine as long as both random dropping and cluster-based dropping are considered. Specially the scenario with UE cluster is of high interest since we want to study cases with high UE-to-UE CLI interference conditions. Whether the cluster-based scenario is denoted as Urban Macro with UE clusters or  Urban Hospot scenario it is not so relevant discussion in our opinion. However, for simplicity and to follow the same approach as in RAN1 evaluation methodology AI for full duplex operation, we propose to adopt Option 1 and simply define UE clusters within a Urban Macro scenario.
Proposal 5: Consider evenly random and cluster-based methods for UE dropping in a Urban Macro scenario.
Next question is about the details for the cluster-based UE dropping methodology. Regarding the number of cluster per macro cell area, we think it is enough to simulate one cluster (Option 1-1). As compared to multiple clusters (Option 1-2), it increases the likelihood of having UEs from different operators close to each other, and therefore, generating higher UE-to-UE CLI. The above assumes that a cluster is shared between the 2 operators and can contain UEs from both of them.
Proposal 6: Model a single cluster within a macro cell area for cluster-based UE dropping.
We are flexible on whether the cluster area resseambles an indoor office/factory (Option 2-1) or a circular area (Option 2-2). However, given that only 2 or 3 UEs per macro TRP are deployed, we prefer to simulate the option with the smaller area. Following the RAN1 evaluation methodology for full duplex operation agreements, the cluster radius is set to 25m at least for calibration purposes. This results in an area of  approximately 2000 m2 which is smaller than the 6000 m2 of the 120x50m indoor office.  Thus we have a slight preference for Option 2-2, assuming that the same cluster radius as in RAN1 is used.
Proposal 7: Assume a cluster radius of 25m for circular clusters. This is aligned with RAN1 evaluation methodology guidelines.
For the indoor UE height we would prefer an option where the indoor UEs have the same height, e.g., 1.5m. This is also in line with the RAN1 evaluation methodology assumptions for full duplex operation. It should also be assumed that the UEs dropped within the cluster are always indoor and the UEs dropped outside the cluster are always considered outdoor (Option 4-1).
Proposal 8: For cluster-based UE dropping scenario, indoor UEs have an equal height of 1.5m to increase the impact of UE-to-UE CLI, i.e. Nfl = 1.
As baseline for urban macro scenarios, 100% grid shift has been aggreed. In this case, the macro cell areas of both operators fully overlap. When dropping the cluster within the macro cell area, the minimum distance between macro TRP to cluster center should be fulfilled for the TRPs belonging to both operators.
Proposal 9: When dropping the cluster within the macro cell area, rules such as the minimum distance between macro TRP to cluster center should be fulfilled for the TRPs belonging to both operators.
It is unclear how to achieve the agreed indoor/outdoor UE ratio considering the other agreement that the number of UEs per TRP is equal to the number of subbands (i.e. 2 and 3 for DU and DUD,  respectively). To address this, we think that the proportion of the UEs outside or inside the cluster is achieved over the entire network. 

Proposal 10: Consider the total number of UEs in the network to achieve the proposed indoor/outdoor UE ratio.


3. Conclusion
This document focuses on the highlighted objective on studying adjacent channel coexistence aspects, building on the discussion and agreements reached in RAN4#104-bis-e as summarized in [2]. In this contribution the following proposals were made:
Proposal 1: Introduce minimum distance rules for the UE dropping, e.g., the defined in TR 38.802, to avoid gNB-UE links where the UMa path-loss equations are not applicable.
Proposal 2: For LoS probability for gNB-gNB case, support Option 2 discussed in RAN4#104-bis-e:  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; with X = 0.75. Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.828.
Proposal 3: For outdoor to indoor links in Urban Macro scenario, assume 80% low-loss model and 20% high-loss model.
Proposal 4: For the antenna configuration for FR1 BS assume the following: legacy TDD: (1,1,4,4,2) and (0.5,0.5) λ; For SBFD antenna config-1: (1,1,2,4,2) (dH,dV)=(0.5,0.5)λ; For SBFD antenna config-2: (1,1,4,4,2) (dH,dV)=(0.5,0.5)λ.
Proposal 5: Consider evenly random and cluster-based methods for UE dropping in a Urban Macro scenario.
Proposal 6: Model a single cluster within a macro cell area for cluster-based UE dropping.
Proposal 7: Assume a cluster radius of 25m for circular clusters. This is aligned with RAN1 evaluation methodology guidelines.
Proposal 8: For cluster-based UE dropping scenario, indoor UEs have an equal height of 1.5m to increase the impact of UE-to-UE CLI, i.e. Nfl = 1.
Proposal 9: When dropping the cluster within the macro cell area, rules such as the minimum distance between macro TRP to cluster center should be fulfilled for the TRPs belonging to both operators.
Proposal 10: Consider the total number of UEs in the network to achieve the proposed indoor/outdoor UE ratio.
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