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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. 



This document focuses on the highlighted objective on studying adjacent channel coexistence aspects, building on the discussion and agreements reached in RAN4#107 as summarized in [2]. 

2. Discussion
In this section we discuss relevant aspects related to the simulation methodology and assumptions for Urban Hotspot, UMa-to-UMi and UMi-to-UMi scenarios.
2.1 Urban Hotspot simulation methodology
This scenario follows the same assumptions as the Urban Macro scenario, but it assumes different method for the UE dropping. In the Urban Hotspot scenario, it is assumed that the UEs are dropped in clusters. This scenario is, in our opinion, quite relevant since it is expected to show the performance impact of UE-to-UE CLI in the coexistence studies. 
Observation 1: The Urban Hotspot scenario is quite relevant to understand the impact of UE-to-UE CLI.
In order to get consistent results among the companies, we should agree on how to calculate the UE-to-UE coupling loss. In this regard, one aspect to be discussed the penetration losses calculations. We differentiate the following cases:
1) UE pair with 1 indoor UE and 1 outdoor UE. In this case, the penetration losses as indicated in TR 38.803 shall be included in the coupling loss calculation.

2) UE pair with 2 indoor UEs.
a) If UEs are in the same cluster, no penetration losses shall be modelled.
b) If UEs are in different clusters, penetration losses shall be modelled.

3) UE pair with 2 outdoor UEs. In this case, there is no penetration losses modelled.
Proposal 1: Indoor-to-outdoor penetration losses are not calculated for pairs of indoor UEs deployed in the same cluster area. 
The calculation of the penetration losses for the case 2b) is not clear to us, specifically on how to calculate the indoor distance. It is worth noting that the indoor distance used for the penetration losses calculation according to TR 38.803 always refers to the BS-to-UE links where the BS is always assumed to be outdoor. In such case, the indoor distance is obtained from a uniform distribution between 0 and 25m. However, it is unclear how to calculate the indoor distance for the UE-to-UE links. Similar issue was discussed by RAN1 and the following agreement was reached in RAN1#112 for the RAN1 system-level simulations:
	Agreement
The following is used to generate   for a UE-UE link associated with an indoor UE (the other UE could be an outdoor UE or an indoor UE in a different building) in order to calculate the inside loss component () of the UE-UE O2I building penetration loss.
· 




Given the above, we propose to follow same approach as RAN1 for the UE-to-UE link penetration losses calculation:
Proposal 2: The following is used to generate   for a UE-UE link associated with an indoor UE (the other UE could be an outdoor UE or an indoor UE in a different building) in order to calculate the inside loss component () of the UE-UE O2I building penetration loss.
· 

In our opinion, for the case 2b), i.e., two indoor UEs in different clusters, companies should not account for the penetration losses twice.
Proposal 3: For indoor UEs in different clusters, a single penetration loss component is calculated. The indoor distance used for the calculation depends on the 2D distance between the pair of UEs.

2.2 UMa-to-UMi simulation methodology
In RAN#106 bis-e, RAN4 agreed to study the coexistence of TDD and SBFD in a UMa-to-UMi scenario, where the UMi deployment is the victim network. In this scenario, different ISD are assumed for each layer (500m and 289m for UMa and UMi, respectively). As described in the guidelines, for this scenario, the UMi network is at the center of the scenario at the UMa network is moved by the grid offset:
	Table 1: Network layout for urban macro to urban micro in FR1 (4GHz)
	Layout
	Single layer with 19 hexagonal cell with wrap around

	Inter-BS distance
	Macro: 500m; Micro: 289 m (based on macro-to-micro ratio of 3)

	Grid offset
	100% as starting point
The victim network (UMi) in the center, the aggressor network (UMa) moved by the grid offset. 100% is relative to the micro ISD.






This mismatch in the distance between base stations implies that the minimum distance for a given grid shift is not always maintained. As an example, one can configure 100% grid shift and ensure that the minimum distance between the center UMi base station and the center UMa base stations is 167m as indicated by the guidelines. However, this distance is not kept for other pairs of UMi-UMa base stations, and one can find UMi BS – UMa BS pairs with a distance lower than the minimum distance given by the grid shift. The CDF of the distance between any pair of Uma and UMi BS is shown in Figure 1. The figure also highlights with a red line the minimum distance of 167m. This can lead to inclusive results and conclusions given that the distance between aggressor and victim networks is key for coexistence.
[image: ]
[bookmark: _Ref142555930]Figure 1. UMa BS to UMi BS distance for the UMa-to-UMi scenario with 100% grid shift offset

Observation 2: The differences in ISD between the UMi and UMa networks in the UMa-to-UMi scenario leads to the minimum grid shift distance to be not always respected.
Therefore, in order to have consistent results, we propose that for the UMa-UMi scenario companies should report the SINR and throughput for only the center (victim) UMi base station. This is the base station for which we can ensure that the grid shift distance is respected.
Proposal 4: Due to mismatches in the ISD between UMa and UMi, companies should report the SINR and throughput performance of the UMi (victim) center cell for the UMa-UMi scenario.
Another aspect to consider for this scenario is the UE-to-UE path loss model. As stated in the WF for the Uma-UMi scenario, the UE-to-UE links should use the Outdoor UE – Outdoor UE equations from TR 36.828. This is not the assumptions taken from other scenarios such as the urban macro or urban hotspot where the UMi path-loss model from TR 38.803 is used instead. We therefore propose to also use the UMi equations for this scenario.
Proposal 5: Update the UE-to-UE path-loss model for the UMa-UMi scenario to follow the UMi equations from TR 38.803.
If companies agree with the proposal above, the path-loss assumptions for this scenario will be the following:
	Table 1: Network layout for urban macro to urban micro in FR1 (4GHz)
	Layout
	Single layer with 19 hexagonal cell with wrap around

	Inter-BS distance
	Macro: 500m; Micro: 289 m (based on macro-to-micro ratio of 3)

	Grid offset
	100% as starting point
The victim network (UMi) in the center, the aggressor network (UMa) moved by the grid offset. 100% is relative to the micro ISD.

	Carrier frequency
	4 GHz

	Path-loss model
	-    Macro (aggressor SBFD) → Micro (victim legacy TDD):
    -    MacroBS-to-UE: UMa see TR 38.803
  -    MicroBS-to-UE: UMi see TR 38.803
    -    Macro-to-Micro: UMa (h_UE = 10 m) see TR 38.803
    -    UE-to-UE: UMi see TR 38.803
+ penetration loss see TR 38.803
· UMi model is not applicable when 2D distance is less than 10m, instead free space model is applicable






2.3 UMi-to-UMi simulation assumptions
During RAN4 #107 meeting companies agreed to perform coexistence studies for a new scenario, namely the UMi-to-UMi scenario. As a starting point, the simulation assumptions for this scenario shall re-use the simulation assumptions agreed for the UMa-to-UMi scenario in [R4-2305922]. The moderator triggered an email discussion prior this meeting to align on the simulation assumptions and, in general, our preference is to maintain the assumptions for the UMa-to-UMi scenario as much as possible. Therefore, we propose to assume 100 MHz bandwidth and a BS transmit power of 46 dBm/100 MHz. The path-loss equations shall be revisited from the UMa-to-UMi scenario, and our preference is to use the UMi equations from TR 38.803 for BS-to-BS, BS-to-UE and UE-to-UE links. Regarding the adjacent channel selectivity assumptions for RAN4 coexistence simulations, the following was agreed during the previous meeting:
	Agreements:
For co-existence simulation purpose (The ACSBS/ICSBS which refer to baseband suppression):
· Baseline assumption: 50dB
· Other values with in the range [46dB ~62dBc] not precluded pending on companies’ input ‘
· Above agreement no impact on RAN1 evaluation 



However, it is unclear whether this applies only to wide-area base stations or to all type of base stations. The ACS assumption has obviously an effect on the coexistence of SBFD and TDD and therefore we encourage companies to share their views and agree on the specific values of ACS for each base station type. In our view, the medium range base stations should keep the 41 dBc ACS as baseline for the RAN4 coexistence simulations. Similarly, local areas base stations should use 38 dBc.
Proposal 6: RAN4 to confirm the coexistence simulation assumptions for the adjacent channel selectivity for each base station type.
Proposal 7: For coexistence simulation purposes, the following adjacent channel selectivity (ACS) values are assumed for each base station type:
· 50 dBc as baseline for wide area base stations. 
· 41 dBc as baseline for medium range base stations. 
· 38 dBc as baseline for local area base stations. 

Given the above, Table x summarizes our preferences for the simulation parameters for the UMi-UMi scenario.
	Layout
	Single layer with 19 hexagonal cells with wrap around

	Inter-BS distance
	289 m

	Grid offset
	100% as starting point

	Carrier frequency
	4 GHz

	Path-loss model
	- Micro BS-to-UE: UMi see TR 38.803
- Micro BS to Micro BS: UMi (h_UE = 10 m) see TR 38.803
- UE-to-UE: UMi see TR 38.803
+ penetration loss see TR 38.803
1. UMi model is not applicable when 2D distance is less than 10m, instead free space model is applicable

	LOS probability
	For LoS probability for Micro-to-Micro case:
1. Reuse the same model as in TR 38.828 with h_UT = 10 m

	BS Tx power
	Max EIRP density: 47 dBm/10MHz, i.e. Tx power as 46 dBm/100MHz

	UE Tx power
	23 dBm 

	BS antenna configurations
	Micro BS: 3-sector
For legacy TDD: (Mg,Ng,M,N,P)=(1,1,2,2,2) (dH,dV)=(0.5,0.8)λ
For SBFD antenna: (Mg,Ng,M,N,P)= (1,1,2,2,2) (dH,dV)=(0.5,0.8)λ
GE,max=5 dBi
Note 1, 2

	BS antenna height
	10 m

	BS receiver noise figure
	10 dB

	UE antenna configuration
	Omni

	UE antenna height
	Baseline: reuse TR 38.828 UE dropping assumption
hUT=3(nfl-1)+1.5
nfl for outdoor UEs: 1
nfl for indoor UEs: nfl~uniform(1,Nfl) where Nfl = 1

	UE antenna gain
	0 dBi

	UE receiver noise figure
	9 dB

	Note 1:	Mg = number of antenna panels in elevation, Ng – number of antenna panels in azimuth, M = number of antenna elements/subarrays in elevation, N= number of antenna elements/subarrays in azimuth, P = number of polarizations.
Note 2:	TX power is specified for dual polarization.




	Parameters
	Urban micro

	Channel bandwidth
	100MHz

	Scheduled channel bandwidth per UE (DL)
	For legacy TDD: 100 MHz
For SBFD: 80MHz
Note 1, 2, 3

	Scheduled channel bandwidth per UE (UL)
	For legacy TDD: 100 MHz
For SBFD: 20MHz
Note 1, 2, 3

	SBFD BS PSD
	For SBFD power allocation consider constant PSD for transmitted power, which is the same as for legacy TDD. 

	Traffic model
	Full buffer, Note 4, 5

	Inter-BS distance
	289m

	Minimum BS-UE (2D) distance
	5m

	Minimum UE-UE (2D) distance
	3m

	DL power control
	NO

	UL power control
	YES

	UE max TX power in dBm
	23 dBm

	UE min TX power in dBm
	-33 dBm (100 MHz CBW)
see TS 38.101-1 Table 6.3.1-1

	BS Noise figure in dB
	10 dB

	UE Noise figure in dB
	9 dB

	Handover margin in dB
	3 dB

	BS mechanical downtilt angle in degrees
	6 degrees

	Note 1: Above sub-band BW assumption used for simulation not aligned existing RAN4 agreed CHBW sets.
Note 2: Above parameters used for simulation purpose only.
Note 3: Companies are encouraged to provide the assumption they used for simulation (whether guard-band assumed and the values of guard-band if any)
Note 4: Start with full buffer while other RU is not precluded. Companies are encouraged to provide simulation results while indicating their RU assumption used. If the lower RU other than full buffer is suggested or implemented, the explanation of how this RU or traffic model is implemented in simulation should be provided.
Note 5: Using Full Buffer case for calibration. Further study whether to and how to simulate low RU case.



	Scenarios
	UE distribution

	[bookmark: _Hlk127701491]Urban Micro
	Uniformly distributed in the cell. 20% indoor and 80% outdoor



	Parameter
	Assumption/Value

	BS ACLR
	45 dBc

	BS ACS
	41 dBc

	UE ACLR
	30 dBc

	UE ACS
	33 dBc



3. Adjacent channel coexistence results
We present in this section several of our coexistence analysis for the following scenarios: urban macro, urban hotspot, UMi-to-UMi and UMa-to-UMi. The results presented here calculate the performance degradation using “aggressor as baseline” as reference. All the results presented here are also collected in excel spreadsheet for data collection. Additionally, how the performance evolves by applying a positive offset to the ACIR is also presented in the excel spreadsheet. The simulations are conducted using as reference the WFs agreed for the different scenarios [3, 4].
3.1 Case 1 – TDD DL as victim
The first set of results analyze the coexistence for the Case 1. We evaluate here the performance degradation of a network using TDD DL while the aggressor network uses either TDD DL or SBFD. 
3.1.1 FR1 Urban Macro scenario
Figure 2 shows the DL SINR at 5th and 50th percentiles, the DL throughput at 5th percentile and the average DL throughput for the cases where no ACI is present, and when ACI is generated by a TDD DL or an SBFD network. We do not expect that the grid shift has a big role for this case and therefore only 100% grid shift is simulated.
We observe there that, as expected, not having any aggressor technology at the adjacent channel provides the highest performance. About whether TDD DL or SBFD coexists better with TDD DL, we can observe that there are no big differences between the 2 technologies. In fact, we observed that for certain percentiles of the SINR, SBFD as aggressor showed slightly higher SINR values at the victim than when TDD DL is the aggressor. The reason for this is the assumption on the constant power spectral density which implies that the transmit power for the SBFD gNB is in the order of 1 dB lower. Moreover, since the UEs are uniformly distributed in the scenario, the potential effect of UE-to-UE ACI (only present if SBFD is the aggressor) is not seen at all. On the impact of the SBFD antenna size on the coexistence, we can conclude that it does not affect drastically. The reason is that even though there is a difference in the base stations transmit power of 3 dB, we should also consider that the coupling loss between victim and aggressor gNB is larger as well. The reason for this is the higher number of antenna elements when simulating “SBFD same gain” (antenna configuration 2) which impacts the beamforming gain.
As compared to the no ACI scenario the following is observed:
· TDD DL with reports 6.6% and 2.6% DL throughput degradation at 5th percentile and on average.
· SBFD with same antenna gain (antenna configuration 2) reports 6.6% and 2% DL throughput degradation at 5th percentile and on average.
· SBFD with same antenna size (antenna configuration 1) reports 4.4% and 1.4% DL throughput degradation at 5th percentile and on average.
 [image: ]
[bookmark: _Ref142640881]Figure 2. Comparison of DL SINR at 5th and 50th percentiles, DL throughput at 5th percentile and average throughput for Case 1 Urban Macro scenario
Observation 3: Urban macro scenario coexistence for Case 1 shows relative low performance degradation when TDD UL (aggressor baseline) and SBFD (aggressor) are compared. 
Observation 4: In urban macro scenario, Case 1, SBFD shows slightly better performance than TDD DL due to the assumptions constant power spectral density and non-existing UE-to-UE adjacent channel interference.
Observation 5: In urban macro scenario, Case 1, SBFD with “same size” (antenna configuration 1) or “same gain” (antenna configuration 2) does not affect drastically the coexistence performance.
3.1.2 FR1 Urban Hotspot scenario
Figure 3 shows the DL SINR at 5th and 50th percentiles, the DL throughput at 5th percentile and the average DL throughput for the cases where no ACI is present and where ACI is generated by a TDD DL or an SBFD network (same gain). On the comparison between TDD and SBFD, the results show that SBFD degrades clearly more the performance of the victim network than TDD DL. The reason for this is the presence of UE-to-UE adjacent channel interference between UEs that are placed within the same cluster. 
[image: ]
[bookmark: _Ref142662254]Figure 3. Comparison of DL SINR at 5th and 50th percentiles, DL throughput at 5th percentile and average throughput for Case 1 Urban Hotspot scenario 

As compared to the no ACI scenario the following is observed:
· TDD DL with reports 12.4% and 3.9% DL throughput degradation at 5th percentile and on average.
· SBFD with same antenna gain (antenna configuration 2) reports 42% and 13% DL throughput degradation at 5th percentile and on average.

Observation 6: In Urban Hotspot scenario, Case 1, SBFD shows the worst coexistence case due to the high UE-to-UE adjacent channel interference between UEs in the same cluster.
3.1.3 FR1 UMi-to-UMi scenario
Figure 4 shows the DL SINR at 5th and 50th percentiles, the DL throughput at 5th percentile and the average DL throughput for the cases where no ACI is present, and when ACI is generated by a TDD DL or an SBFD network. We observe there that, as expected, not having any aggressor technology at the adjacent channel provides the highest performance. On the comparison between TDD and SBFD, the results show that SBFD degrades slightly more the performance of the victim network than TDD DL. This scenario assumes uniform distribution of the UEs, in a similar manner as for the Urban Macro scenario. Unlike in the Urban Macro scenario, the effect of the UE-to-UE ACI is shown at the 5th percentile. Our interpretation is that the smaller cell radius for the UMi scenario increase the probability of having nearby UEs from different networks.
 [image: ]
[bookmark: _Ref142654904]Figure 4. Comparison of DL SINR at 5th and 50th percentiles, DL throughput at 5th percentile and average throughput for Case 1 UMi-to-UMi scenario 

As compared to the no ACI scenario the following is observed:
· TDD DL with reports 4.8% and 1% DL throughput degradation at 5th percentile and on average.
· SBFD (same gain) reports 7.9% and 1.6% DL throughput degradation at 5th percentile and on average.
Observation 7: In UMi-to-UMi scenario Case 1, the SBFD shows higher degradation than TDD DL due to the presence of UE-to-UE ACI. 

3.1.4 FR1 UMa-to-UMi scenario
Figure 5 shows the DL SINR at 5th and 50th percentiles, the DL throughput at 5th percentile and the average DL throughput for the cases where no ACI is present, and when ACI is generated by a TDD DL or an SBFD network. We observe there that, as expected, not having any aggressor technology at the adjacent channel provides the highest performance. For 100% grid shift, similar as what we observed for Urban Macro scenario, TDD DL aggressor results in the worst performance due to slightly higher BS transmit power. There is no BS-to-BS ACI in this scenario and therefore the impact of the grid shift should be marginal. The contribution of the UE-to-UE ACI is also marginal since UEs are uniformly distributed and the UMa UEs are placed within the UMa cells which are larger than the UMi cells.
As compared to the no ACI scenario the following is observed:
· TDD DL with 100% grid shift reports 13.2% and 2.4% DL throughput degradation at 5th and on average.
· SBFD with 100% grid shift reports 13.4% and 0.9% DL throughput degradation at 5th and on average.

 [image: ]
[bookmark: _Ref142660708]Figure 5. Comparison of DL SINR at 5th and 50th percentiles, DL throughput at 5th percentile and average throughput for Case 1 UMa-to-UMi scenario 

Observation 8: In UMa-to-UMi scenario Case 1, the TDD DL degradation due to the presence of TDD DL or SBFD in the adjacent channel is quite similar. 
Based on the results shown above, we conclude with the following general proposals:
Proposal 8: In scenarios with clusters of UEs, the impact of SBFD on the coexistence with TDD DL is clear and this should be documented in the TR.
3.2 Case 2 – TDD UL as victim
This set of results analyze the coexistence for the Case 2. We evaluate here the performance degradation of a network using TDD UL while the aggressor network uses either TDD UL or SBFD.
3.2.1 FR1 Urban Macro scenario
Figure 6 shows the UL SINR at 5th and 50th percentiles, the UL throughput at 5th percentile and the average UL throughput for the cases where no ACI is present, and where TDD UL and SBFD are the aggressors and for different grid shift offsets. Here we focus on the best and worst case in terms of inter-base station distance, i.e., 100% and 10% grid shift. From the figure we can conclude that SBFD behaves worse as a neighbour network as compared to TDD UL. The main reason for this is the new BS-to-BS ACI, which is not present in if the victim and aggressor TDD carriers are synchronized. Since the BS-to-BS ACI is not present for TDD as aggressor, the effect of the grid shift is not noticeable. However, the effect of the grid shift is quite visible for SBFD as aggressor.
As compared to the no ACI scenario the following is observed:
· TDD UL with 100% grid shift reports 10.4% and 0.01% UL throughput degradation at 5th percentile and on average.
· SBFD with 100% grid shift reports 83.4% and 32.8% UL throughput degradation at 5th percentile and on average.
· TDD UL with 10% grid shift reports 16.8% and 1.3% UL throughput degradation at 5th percentile and on average.
· SBFD with 10% grid shift reports 100% and 66.4% UL throughput degradation at 5th percentile and on average.
[image: ]
[bookmark: _Ref142643738]Figure 6. Comparison of UL SINR at 5th and 50th percentiles, UL throughput at 5th percentile and average throughput for Case 2 Urban Macro scenario 

Observation 9: For Case 2 urban macro scenario, the presence of BS-to-BS ACI is the main reason for the performance degradation when SBFD is the aggressor. 

3.2.2 FR1 Urban Hotspot scenario
Figure 7 shows the UL SINR at 5th and 50th percentiles, the UL throughput at 5th percentile and the average UL throughput for the cases where no ACI is present, and where TDD UL and SBFD are the aggressors and for different grid shift offsets. Here we focus on the best and worst case in terms of inter-base station distance, i.e., 100% and 10% grid shift. From the figure we can conclude that SBFD behaves worse as a neighbour network as compared to TDD UL. The main reason for this is the new BS-to-BS ACI, which is not present in if the victim and aggressor TDD carriers are synchronized. Since the BS-to-BS ACI is not present for TDD as aggressor, the effect of the grid shift is not noticeable. However, the effect of the grid shift is quite visible for SBFD as aggressor. It is also noted that no UL throughput is achieved at the 5th percentile, even without ACI. Our interpretation is that due to the high number of indoor UEs, the impact of higher path loss due to penetration losses makes the UEs at the 5th percentile to be noise limited.
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[bookmark: _Ref142910322][bookmark: _Ref142910298]Figure 7. Comparison of UL SINR at 5th and 50th percentiles, UL throughput at 5th and average UL throughput for Case 2 Urban Hotspot scenario
As compared to the no ACI scenario the following is observed:
· TDD UL with 100% grid shift reports 1.5% UL throughput degradation on average.
· SBFD with 100% grid shift reports 46.1% UL throughput degradation on average.
· TDD UL with 10% grid shift reports 2.2% UL throughput degradation on average.
· SBFD with 10% grid shift reports 78.5% UL throughput degradation on average.

Observation 10: For Case 2 Urban Hotspot scenario, the presence of BS-to-BS ACI is the main reason for the performance degradation when SBFD is the aggressor. Simulations show an UL degradation of up to 78%.

3.2.3 FR1 UMi-to-UMi scenario
Figure 8 shows the UL SINR at 5th and 50th percentiles, the UL throughput at 5th percentile and the average UL throughput for the cases where TDD UL and SBFD are the aggressors and for different grid shift offsets. Here we focus on the best and worst case in terms of inter-base station distance, i.e., 100% and 10% grid shift. The first aspect we observe is that already with TDD as an aggressor the UL SINR is lower than the minimum UL SINR threshold to achieve any UL throughput. Our interpretation is that we are in a noise limited scenario at the 5th percentile in which the 10 dB BS noise figure plays an important role. Moreover, it is worth remembering that the UMi BS ACS is 41 dBc and therefore it is more vulnerable to ACI than urban macro base stations. Due to the lower BS transmit power, the difference in degradation between SBFD and TDD at 100% grid shift is not as large as previously reported for the urban macro or urban hotspot scenarios. However, if the victim and aggressor base stations gets close enough, i.e., 10% grid shift, the degradation difference is larger.
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[bookmark: _Ref142646987]Figure 8. Comparison of UL SINR at 5th and 50th percentiles, UL throughput at 5th and average UL throughput for Case 2 UMi-to-UMi scenario 
As compared to the no ACI scenario the following is:
· TDD UL with 100% grid shift reports 0.7% UL throughput increase on average.
· SBFD with 100% grid shift reports 10.6% of UL throughput degradation on average.
· TDD UL with 10% grid shift grid shift reports 2% UL throughput increase on average. 
· SBFD with 10% grid shift reports 74.9% of UL throughput degradation on average. 
Observation 11: For Case 2 UMi-to-UMi scenario, the UL performance of TDD is compromised specially when SBFD is the aggressor. The impact of the BS-to-BS ACI and the dependency with the grid offset is clear from the results. Results show up to 75% UL throughput degradation.

3.2.4 FR1 UMa-to-UMi scenario
Figure 9 shows the UL SINR at 5th and 50th percentiles, the UL throughput at 5th percentile and the average UL throughput for the cases where no ACI is present, and where TDD UL and SBFD are the aggressors and for different grid shift offsets. Here we focus on the best and worst case in terms of inter-base station distance, i.e., 100% and 10% grid shift. This scenario is, among the ones studied, the one with the most problematic coexistence when SBFD is the aggressor. The reasons for this are the following. First, as already mentioned, when SBFD is the aggressor the impact of the BS-to-BS ACI is quite noticeable. Moreover, this scenario assumes that the aggressor as UMa and therefore base stations transmit with quite high power. On top of that, the victim base station is a medium range base stations and therefore its ACS capabilities are limited (we assume ACS = 41 dBc). All the above together results in the TDD UL carrier to have 0 UL throughput when SBFD is the aggressor. We also see a difference in performance degradation with respect to the grid shift. From the results, we observe that 10% grid shift provides better results than 100% grid shift. This is due to the differences in the elevation angle between the micro base station (victim) and the macro base station (aggressor) during the beamforming calculation. The fact that they are closer (10% grid shift) implies that the elevation angle is larger and the coupling loss between base stations higher.
As compared to the no ACI scenario the following is observed:
· TDD UL with 100% grid shift reports 20.7% and 3.7%UL throughput increase at 5th percentile and on average.
· SBFD with 100% grid shift reports 100% of UL throughput degradation at 5th and on average.
· SBFD with 10% grid shift reports 100% of UL throughput degradation at 5th and on average.
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[bookmark: _Ref142665865]Figure 9. Comparison of UL SINR at 5th and 50th percentiles, UL throughput at 5th and average UL throughput for Case 2 UMa-to-UMi scenario 

Observation 12: For Case 2 UMa-to-UMi scenario, the TDD UL performance is completely damaged when SBFD acts at the aggressor technology. The reason is the combination of strong BS-to-BS ACI and modest ACS capabilities at the UMi base station.

Based on the results shown above, we conclude with the following general proposals:
Proposal 9: RAN4 should carefully consider allowing SBFD operation during UL legacy slots since it is shown to degrade the performance to high extent.
Proposal 10: The dependency of the grid shift in the UL performance is quite relevant and therefore companies should report their coexistence studies for others grid shift offset rather than 100%.
3.3 Case 3 – SBFD DL as victim
This set of results analyze the coexistence for the Case 3. We evaluate here the performance degradation of a network using SFBD while the aggressor network uses either TDD DL or TDD UL. The focus here is on the DL performance of SBFD.
3.3.1 FR1 Urban Macro scenario
Figure 10 shows the DL performance of SBFD when coexists with either TDD DL or TDD UL. The figure also includes the case where there is no adjacent channel interference. In general, the performance degradation is not very high. The larger differences in performance are found at the 5th percentile, where TDD DL shows the worse performance as compared to TDD UL. This is expected since, due to the power difference between BS and UEs, one can expect more ACI coming from DL TDD transmissions than UL TDD transmissions. In other words, the BS-to-UE ACI power is larger than the UE-to-UE ACI power. The grid offset impact is not visible in this scenario. 
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[bookmark: _Ref142657134]Figure 10. Comparison of DL SINR at 5th and 50th percentiles, DL throughput at 5th percentile and average throughput for Case 3 Urban Macro scenario 
As compared to the no ACI scenario the following is observed:
· TDD DL with 100% grid shift reports 4.6% and 1.6% DL throughput degradation at 5th and 50th percentile.
· TDD UL with 100% grid shift reports 0.2% and 0.2% DL throughput degradation at 5th percentile and 50th percentile.
· TDD DL with 10% grid shift reports 4.8% and 2.1% DL throughput degradation at 5th and 50th percentile.
· TDD UL with 10% grid shift reports 2.3% and 0.7% DL throughput degradation at 5th percentile and 50th percentile.
Observation 13: For Case 3 Urban Macro scenario, the DL performance of SBFD is impacted less than 5% regardless of whether TDD DL or TDD UL is the aggressor network.

3.3.2 FR1 Urban Hotspot scenario
Figure 11 shows the DL performance of SBFD when coexists with either TDD DL or TDD UL. The figure also includes the case where there is no adjacent channel interference. First, we observe that there is no DL throughput at the 5th percentile for any of the considered scenarios.  This due to: i) high coupling loss for the indoor UEs, ii) even without ACI, the UE-to-UE co-channel interference is present. On the comparison between TDD DL and TDD UL, we observed that TDD UL is showing worse performance due to the presence of UE-to-UE ACI from nearby UEs in the same cluster. The effect of the grid shift is minor in this case. On the comparison with the previous scenario, we observe slightly more degradation due to the UE clustering, i.e., higher UE-to-UE ACI.
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[bookmark: _Ref142941345]Figure 11. Comparison of DL SINR at 5th and 50th percentiles, DL throughput at 5th percentile and average throughput for Case 3 Urban Hotspot scenario 
 
As compared to the no ACI scenario the following is observed:
· TDD DL with 100% grid shift reports 2.6% DL throughput degradation on average.
· TDD UL with 100% grid shift reports 6.5% DL throughput degradation on average.
· TDD DL with 10% grid shift reports 2.6% DL throughput degradation on average.
· TDD UL with 10% grid shift reports 7.6% DL throughput degradation on average.
Observation 14: For Case 3 Urban Hotspot scenario, the DL performance of SBFD is impacted no more than 8% when TDD UL is the aggressor and 3% when TDD DL is the aggressor.
3.4 Case 4 – SBFD UL as victim
This set of results analyze the coexistence for the Case 4. We evaluate here the performance degradation of a network using SFBD while the aggressor network uses either TDD DL or TDD UL. The focus here is on the UL performance of SBFD.
3.4.1 FR1 Urban macro scenario 
Figure 12 shows the UL performance of SBFD when coexists with either TDD DL or TDD UL. The figure also includes the case where there is no adjacent channel interference. Results show that the UL SBFD performance is quite impacted when TDD DL is the aggressor network. The case in which TDD UL is the aggressor, the degradation is kept low. This is due to the power imbalance between base stations and UE which results in higher BS-to-BS ACI power than the UE-to-BS ACI. Same trends are shown for the 5th and 50th percentiles. Regarding the grid offset, its effect is more visible for the aggressor TDD DL, showing a degradation of 10 dB for 10% grid shift offset. This brings the 5th percentile throughput of the victim SBFD network to 0.
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[bookmark: _Ref142658349]Figure 12. Comparison of UL SINR at 5th and 50th percentiles, UL throughput at 5th percentile and average throughput for Case 4 Urban Macro scenario 
As compared to the no ACI scenario the following is observed:
· TDD DL with 100% grid shift reports 32.2% and 14.5% UL throughput degradation at 5th and on average.
· TDD UL with 100% grid shift reports 0.7% and 0.9% UL throughput at degradation 5th percentile and on average.
· TDD DL with 10% grid shift reports 100% and 42.6% UL throughput degradation at 5th and on average.
· TDD UL with 10% grid shift reports 6.5% and 2.7% UL throughput degradation at 5th percentile and on average.
Observation 15: For Case 4 Urban Macro scenario, the UL performance of SBFD is compromised specially when TDD DL is the aggressor. The impact of the BS-to-BS ACI and the dependency with the grid offset is clear from the results.

3.4.2 FR1 Urban Hotspot scenario 

Figure 13 shows the UL performance of SBFD when coexists with either TDD DL or TDD UL. The figure also includes the case where there is no adjacent channel interference. Results are quite similar to the Urban Macro scenario. The main different is that now the baseline case has lower UL SINR due to the differences in the indoor-to-outdoor ratio. Thus, the TDD DL shows the worst coexistence case and the coexistence problem increases the smaller is the grid shift. 
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[bookmark: _Ref142941575]Figure 13. Comparison of UL SINR at 5th and 50th percentiles, UL throughput at 5th percentile and average throughput for Case 4 Urban Macro scenario
As compared to the no ACI scenario the following is observed:
· TDD DL with 100% grid shift reports 19% UL throughput degradation on average.
· TDD UL with 100% grid shift reports 0.3% UL throughput degradation on average.
· TDD DL with 10% grid shift reports 47.6% UL throughput degradation on average.
· TDD UL with 10% grid shift reports 0.7% UL throughput degradation on average.

Observation 16: For Case 4 Urban Hotspot scenario, the UL performance of SBFD is compromised specially when TDD DL is the aggressor. The impact of the BS-to-BS ACI and the dependency with the grid offset is clear from the results.

4. Conclusion
In this contribution the following observations and proposals were made:
Observation 1: The Urban Hotspot scenario is quite relevant to understand the impact of UE-to-UE CLI.
Observation 2: The differences in ISD between the UMi and UMa networks in the UMa-to-UMi scenario leads to the minimum grid shift distance to be not always respected.
Observation 3: Urban macro scenario coexistence for Case 1 shows relative low performance degradation when TDD UL (aggressor baseline) and SBFD (aggressor) are compared. 
Observation 4: In urban macro scenario, Case 1, SBFD shows slightly better performance than TDD DL due to the assumptions constant power spectral density and non-existing UE-to-UE adjacent channel interference.
Observation 5: In urban macro scenario, Case 1, SBFD with “same size” (antenna configuration 1) or “same gain” (antenna configuration 2) does not affect drastically the coexistence performance
Observation 6: In Urban Hotspot scenario, Case 1, SBFD shows the worst coexistence case due to the high UE-to-UE adjacent channel interference between UEs in the same cluster.
Observation 7: In UMi-to-UMi scenario Case 1, the SBFD shows higher degradation than TDD DL due to the presence of UE-to-UE ACI. 
Observation 8: In UMa-to-UMi scenario Case 1, the TDD DL degradation due to the presence of TDD DL or SBFD in the adjacent channel is quite similar. 
Observation 9: For Case 2 urban macro scenario, the presence of BS-to-BS ACI is the main reason for the performance degradation when SBFD is the aggressor. 
Observation 10: For Case 2 Urban Hotspot scenario, the presence of BS-to-BS ACI is the main reason for the performance degradation when SBFD is the aggressor. Simulations show an UL degradation of up to 78%.
Observation 11: For Case 2 UMi-to-UMi scenario, the UL performance of TDD is compromised specially when SBFD is the aggressor. The impact of the BS-to-BS ACI and the dependency with the grid offset is clear from the results. Results show up to 75% UL throughput degradation.
Observation 12: For Case 2 UMa-to-UMi scenario, the TDD UL performance is completely damaged when SBFD acts at the aggressor technology. The reason is the combination of strong BS-to-BS ACI and modest ACS capabilities at the UMi base station.
Observation 13: For Case 3 Urban Macro scenario, the DL performance of SBFD is impacted less than 5% regardless of whether TDD DL or TDD UL is the aggressor network.
Observation 14: For Case 3 Urban Hotspot scenario, the DL performance of SBFD is impacted no more than 8% when TDD UL is the aggressor and 3% when TDD DL is the aggressor.
Observation 15: For Case 4 Urban Macro scenario, the UL performance of SBFD is compromised specially when TDD DL is the aggressor. The impact of the BS-to-BS ACI and the dependency with the grid offset is clear from the results.
Observation 16: For Case 4 Urban Hotspot scenario, the UL performance of SBFD is compromised specially when TDD DL is the aggressor. The impact of the BS-to-BS ACI and the dependency with the grid offset is clear from the results.

Proposal 1: Indoor-to-outdoor penetration losses are not calculated for pairs of indoor UEs deployed in the same cluster area. 
Proposal 2: The following is used to generate   for a UE-UE link associated with an indoor UE (the other UE could be an outdoor UE or an indoor UE in a different building) in order to calculate the inside loss component () of the UE-UE O2I building penetration loss.
· 

Proposal 3: For indoor UEs in different clusters, a single penetration loss component is calculated. The indoor distance used for the calculation depends on the 2D distance between the pair of UEs.
Proposal 4: Due to mismatches in the ISD between UMa and UMi, companies should report the SINR and throughput performance of the UMi (victim) center cell for the UMa-UMi scenario.
Proposal 5: Update the UE-to-UE path-loss model for the UMa-UMi scenario to follow the UMi equations from TR 38.803.
Proposal 6: RAN4 to confirm the coexistence simulation assumptions for the adjacent channel selectivity for each base station type.
Proposal 7: For coexistence simulation purposes, the following adjacent channel selectivity (ACS) values are assumed for each base station type:
· 50 dBc as baseline for wide area base stations. 
· 41 dBc as baseline for medium range base stations. 
· 38 dBc as baseline for local area base stations. 

Proposal 8: In scenarios with clusters of UEs, the impact of SBFD on the coexistence with TDD DL is clear and this should be documented in the TR.
Proposal 9: RAN4 should carefully consider allowing SBFD operation during UL legacy slots since it is shown to degrade the performance to high extent.
Proposal 10: The dependency of the grid shift in the UL performance is quite relevant and therefore companies should report their coexistence studies for others grid shift offset rather than 100%.
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