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1	Introduction
RAN1 and RAN4 have concluded release 18 study item on Duplex Evolution. All the coexistence simulations performed in both RAN WGs are summarized below.
RAN1 has simulated the following deployment case and scenarios for adjacent channel co-existence [1]
SBFD 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 static TDD operation while the other operator uses SBFD operation with the same SBFD sub-band configuration. 
Following scenarios are considered:
FR1
-	1-layer scenario
-	Urban Macro, considering 0% and 100% grid shift between two networks.
-	FR2-1 
-	1-layer scenario
-	Dense Urban Macro layer, considering 0% and 100% grid shift between two networks.
RAN1 conclusions are given below based on the above adjacent channel co-existence deployment case and scenarios [1].
For SBFD deployment case 4 (FR1) with 0% grid shift, and the total capability of spatial isolation and digital isolation for co-site inter-sector CLI is no less than 93 dB, spatial isolation for co-site adjacent-channel CLI is no less than 93dB, and SBFD with XXXXX slot format and large packet size are assumed, 
· For the SBFD operator, semi-static SBFD provides performance improvement for UL at low and medium load levels but suffers from degradation for DL for all load levels 
· {-11.54%, -13.46%, -13.37%} / {-39.64%, -50.44%, -68.58%} for mean/5% DL UPT loss of SBFD operator
· {21.09%, 18.52%, -27.10%} / {47.60%, 0%, -19.36%} for mean/5% UL UPT gain/loss of SBFD operator
· For the legacy TDD operator, regarding the performance impact of semi-static SBFD to legacy TDD of another operator, there may be limited or large degradation for UL and DL performance
·  {-6.46%, -6.73%, -5.22%} / {-29.43%, -39.73%, -53.81%} for mean/5% DL UPT loss of legacy TDD operator
· {-16.16%, -24.42%, -27.10%} / {-16.18%, 0%, 0%} for mean/5% UL UPT loss of legacy TDD operator

For SBFD deployment case 4 (FR1) with 0% grid shift, and the total capability of spatial isolation and digital isolation for co-site inter-sector CLI is no less than 93 dB, spatial isolation for co-site adjacent-channel CLI is no less than 93dB, and SBFD with XXXXU slot format and large packet size are assumed, 
· For the SBFD operator, semi-static SBFD provides performance improvement for UL but suffer from degradation for DL for all load levels
· {-22.97%, -21.22%, -26.20%} / {-27.07%, -52.53%, -65.36%} for mean/5% DL UPT loss of SBFD operator
· {59.89%, 26.32%, 23.29%} / {168.31%, 37.37%, 24.69%} for mean/5% UL UPT gain of SBFD operator
· For the legacy TDD operator, regarding the performance impact of semi-static SBFD to legacy TDD of another operator, there may be limited improvement and degradation for UL and DL performance
· {-0.45%, -2.12%, -3.39%} / {-1.52%, -2.25%, -4.86%} for mean/5% DL UPT loss of legacy TDD operator
· {-0.01%, 0.04%, 0.13%} / {0.07%, 0.10%, 2.08%} for mean/5% UL UPT gain/loss of legacy TDD operator

For SBFD deployment case 4 (FR1) with 0% grid shift, and the total capability of spatial isolation and digital isolation for co-site inter-sector CLI is equal to 93 dB, spatial isolation for co-site adjacent-channel CLI is equal to 93 dB, and SBFD with XXXXX slot format and large packet size are assumed, 
· For the SBFD operator, semi-static SBFD provides performance improvement for UL at low load level but suffers from degradation for DL for all load levels
· {-0.6%, -5.70%, -12.29%} / {3.34%, -10.72%, -23.48%} for mean/5% DL UPT gain/loss of SBFD operator
· {3.50%, -36.04%, -55.59%} / {114.57%, -18.46%, -69.36%} for mean/5% UL UPT gain/loss of SBFD operator
· For the legacy TDD operator, regarding the performance impact of semi-static SBFD to legacy TDD of another operator, there may be limited or large degradation for UL and DL performance
· {-0.44, -3.39%, -4.45%} / {-1.25%, -6.93%, -7.97%} for mean/5% DL UPT loss of legacy TDD operator
· {-7.43%, -30.66%, -39.94%} / {-16.18%, -46.23%, -49.99%} for mean/5% UL UPT loss of legacy TDD operator

For SBFD deployment case 4 (FR1) with 0% grid shift, and the total capability of spatial isolation and digital isolation for co-site inter-sector CLI is equal to 93 dB, spatial isolation for co-site adjacent-channel CLI is equal to 93dB, and SBFD with XXXXU slot format and large packet size are assumed, 
· For the SBFD operator, semi-static SBFD provides performance improvement for UL but suffers from degradation for DL for all load levels
· {-23.27%, -29.59%, -40.53%} / {-23.08%, -38.52%, -49.36%} for mean/5% DL UPT loss of SBFD operator
· {88.87%, 68.41%, 34.44%} / {168.31%, 37.37%, 24.69%} for mean/5% UL UPT gain of SBFD operator
· For the legacy TDD operator, regarding the performance impact of semi-static SBFD to legacy TDD of another operator, there may be limited improvement or degradation for UL and DL performance
· {-0.45%, -2.12%, -3.39%} / {-1.52%, -2.25%, -4.86%} for mean/5% DL UPT loss of legacy TDD operator
· {-0.01%, 0.04%, 0.13%} / {0.07%, 0.10%, 2.08%} for mean/5% UL UPT gain/loss of legacy TDD operator

For SBFD deployment case 4 (FR1) with 100% grid shift, and the total capability of spatial isolation and digital isolation for co-site inter-sector CLI is no less than 93 dB, and SBFD with XXXXX slot format and large packet size are assumed, 
· For the SBFD operator, semi-static SBFD provides performance improvement for UL for low and medium load levels but suffers from degradation for DL for all load levels 
· {-0.85%, -5.76%, -10.65%} / {-3.79%, -13.28%, 22.06%} for mean/5% DL UPT loss of SBFD operator
· {21.64%, 13.37%, -11.43%} / {32.42%, 10.67%, -3.28%} for mean/5% UL UPT gain/loss of SBFD operator
· For the legacy TDD operator, regarding the performance impact of semi-static SBFD to legacy TDD of another operator, there may be limited or large degradation for UL and DL performance
· {-0.35%, -3.31%, -5.38%} / {-2.64%, -9.41%, -7.68%} for mean/5% DL UPT loss of legacy TDD operator
· {-13.50%, -21.26, -16.74%} / {-24.39%, -0.53%, -0.90%} for mean/5% UL UPT loss of legacy TDD operator

For SBFD deployment case 4 (FR1) with 100% grid shift, and the total capability of spatial isolation and digital isolation for co-site inter-sector CLI is no less than 93 dB, and SBFD with XXXXU slot format and large packet size are assumed, 
· For the SBFD operator, semi-static SBFD provides performance improvement for UL but suffers from degradation for DL for all load levels
· {-22.30%, -24.57%, -25.84%} / {-21.49%, -31.46%, -51.80%} for mean/5% DL UPT loss of SBFD operator
· {90.01%, 94.07%, 36.70%} / {94.35%, 58.67%, 38.16%} for mean/5% UL UPT gain of SBFD operator
· For the legacy TDD operator, regarding the performance impact of semi-static SBFD to legacy TDD of another operator, there may be limited improvements or degradation for UL and DL performance
· {-0.30%, -1.61%, -3.21%} / {-0.16%, -3.59%, -3.92%} for mean/5% DL UPT loss of legacy TDD operator
· {0%, 0%, 0%} / {2.39%, 1.56%, 0.03%} for mean/5% UL UPT gain of legacy TDD operator

For SBFD deployment case 4 (FR1) with 100% grid shift, and the total capability of spatial isolation and digital isolation for co-site inter-sector CLI is equal to 93 dB, and SBFD with XXXXX slot format and large packet size are assumed, 
· For the SBFD operator, semi-static SBFD provides performance improvement for both UL and DL for low load levels but suffers from degradation for both UL and DL for medium and high load levels
· {3.11%, -5.76%, -10.65%} / {2.27%, -13.28%, -22.06%} for mean/5% DL UPT gain/loss of SBFD operator
· {9.77%, -30.95%, -65.59%} / {89.73%, -17.62%, -53.26%} for mean/5% UL UPT gain/loss of SBFD operator
· For the legacy TDD operator, regarding the performance impact of semi-static SBFD to legacy TDD of another operator, there may be limited or large degradation for UL and DL performance
· {-0.35%, -2.94%, -4.37%} / {-1.40%, -7.02%, -6.72%} for mean/5% DL UPT loss of legacy TDD operator
· {-6.75%, -26.88%, -37.96%} / {-12.59%, -44.22%, -50.22%} for mean/5% UL UPT loss of legacy TDD operator

For SBFD deployment case 4 (FR1) with 100% grid shift, and the total capability of spatial isolation and digital isolation for co-site inter-sector CLI is equal to 93 dB, and SBFD with XXXXU slot format and large packet size are assumed, 
· For the SBFD operator, semi-static SBFD provides performance improvement for UL for all load levels but suffers from degradation for DL for all load levels
· {-24.13%, -24.72%, -25.84%} / {-15.39%, -17.56%, -33.07%} for mean/5% DL UPT loss of SBFD operator
· {101.42%, 95.42%, 36.70%} / {120.78, 58.67%, 38.16%} for mean/5% UL UPT gain of SBFD operator
· For the legacy TDD operator, regarding the performance impact of semi-static SBFD to legacy TDD of another operator, there may be limited degradation for DL performance and limited improvement or degradation for UL performance
·  {-0.30%, -1.61%, -3.21%} / {-0.16%. -3.59%, -3.92%} for mean/5% DL UPT loss of legacy TDD operator
· {0%, 0%, 0%} / {2.39%, 1.56%, -3.00%} for mean/5% UL UPT gain/loss of legacy TDD operator
RAN1 concluded that DL/UL UPT gain and loss at least come from the following reasons
· In case of using SBFD with XXXXX slot format, the UL UPT gain at least comes from more UL transmission opportunities for semi-static SBFD compared to legacy TDD, and the DL UPT gain at least comes from the more DL transmission opportunities for semi-static SBFD compared to legacy TDD. 
· In case of using SBFD with XXXXU or DXXXU slot format, the UL UPT gain at least comes from more UL resources and more UL transmission opportunities for semi-static SBFD compared to legacy TDD, and the DL UPT loss for SBFD at least comes from less DL resources for semi-static SBFD compared to legacy TDD. 
· The UL UPT loss at least comes from inter-site gNB-gNB CLI and co-site inter-sector gNB-gNB CLI for Urban Macro and Dense Urban Macro layer. The impact of co-site inter-sector gNB-gNB CLI depends on co-site inter-sector CLI suppression capability. Also, the UL UPT loss at least comes from noise figure increase due to higher blocker power.
· For SBFD deployment case 4, for the SBFD operator, the UL UPT loss at least comes from inter-site adjacent-channel gNB-gNB CLI and co-site adjacent-channel gNB-gNB CLI for Urban Macro and Dense Urban Macro layer. The impact of co-site adjacent-channel gNB-gNB CLI depends on co-site adjacent-channel CLI suppression capability. Also, the UL UPT loss at least comes from noise figure increase due to higher blocker power by adjacent-channel CLI.
· For SBFD deployment case 4, for the legacy TDD operator in the case of XXXXX slot format, adjacent channel gNB-gNB CLI causes loss.
· The DL UPT loss at least comes from UE-to-UE CLI. 
In RAN4 #109, an agreement was reached under [1].  Under section 11.3, Adjacent Channel co-existence evaluation results and conclusions were captured.
The co-existence cases are described in Table 11.1-2 below, and they were performed for each scenario listed in Table 11.1-1. The detailed assumptions associated with these scenarios and cases can be found in Annex E.
Table 11.1-1: Adjacent channel co-existence scenarios
	Scenario
	FR
	Aggressor
	Victim

	1
	FR1
	Urban Macro
	Urban Macro

	2
	FR1
	Urban Hotspot
	Urban Hotspot

	3
	FR1
	Indoor
	Indoor

	4
	FR1
	Urban Macro
	Micro

	5
	FR1
	Micro
	Micro

	6
	FR2-1
	Urban Macro
	Urban Macro

	71
	FR2-1
	Urban Hotspot
	Urban Hotspot

	8
	FR2-1
	Urban Dense
	Urban Dense

	9
	FR2-1
	Indoor
	Indoor

	Note 1: This scenario has been down-selected.



Table 11.1-2: Adjacent channel co-existence cases
	Case
	Aggressor
	Victim
	Slot allocation
Aggressor                                        Victim

	1
	SBFD
	TDD DL
	[image: ]           [image: ]

	2
	SBFD
	TDD UL
	[image: ]           [image: ]

	3
	TDD DL
	SBFD
	[image: ]           [image: ]

	4
	TDD UL
	SBFD
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	Note: Case 3 and Case 4 are down-selected for Scenario 4.



A summary of these conclusions is summarized below:
Case 1: aggressor SBFD DU victim NR TDD DL. For TDD DL throughput degradation was observed only at cell edge in scenario 2, for different grid shifts and BS Tx power. For scenarios 1, 5, 6, 8 and 9 no DL throughput was observed for either average or at cell edge.
Case 2: aggressor SBFD DU victim NR TDD UL.  For TDD UL, significant degradation was observed for scenarios 1,2, 4, and 5. No degradation was observed for scenarios 3 and 9. While TDD UL throughput degradation was observed for scenarios 6 and 8 at cell edge, no strong degradation was observed for the average throughput.
Case 3: aggressor NR TDD DL victim SBFD DL. No observed throughput degradation on the SBFD DL for both average throughput and cell edge throughput.
Case 3: aggressor NR TDD DL victim SBFD UL. For FR1, scenarios 1 and 6, SBFD UL throughput degradation is observed only for cell edge throughput, and minor degradation but acceptable to some companies for average throughput. For scenario 2 in FR1, SBFD UL throughput degradation is observed at cell edge throughput and average throughput. Under scenarios 5 and 8, Under FR1 Urban micro 38dBm Tx power assumption, no degradation on the SBFD UL is observed for both cell edge throughput and average throughput. Throughput loss is observed with higher BS Tx power (46dBm). For FR2-1, Under FR1 Urban micro 38dBm Tx power assumption, no degradation on the SBFD UL is observed for both cell edge throughput and average throughput. Throughput loss is observed with higher BS Tx power (46dBm). No degradation was observed in the rest of the scenarios.
Case 4: aggressor NR TDD UL victim SBFD DL. No degradation was observed for FR1 and FR2-1 for scenarios 1, 3, 5, 6, 8, and 9. For FR1, scenario 2 some companies’ results show SBFD DL throughput degradation is observed only for cell edge throughput due to inter-UE CLI. However, more companies show that there is no observed degradation for cell edge throughput and cell average throughput.
[bookmark: _Hlk151994947]Case 4 aggressor NR TDD UL victim SBFD UL. For SBFD UL for both average and cell edge throughput, no degradation in throughput was observed.
Based on these conclusions, we would like to make recommendations regarding critical objectives to be added to the WID to assure fair co-existence between SBFD networks and legacy TDD networks
2	SBFD operation in Legacy TDD UL symbols
RAN1 deployment case 4 coexistence simulation scenarios with slot format XXXXX and RAN4 simulations for case 2 reveal significant impact on the TDD UL in legacy networks, if SBFD is enabled in the adjacent channel networks in slots that coincide with UL slots of legacy TDD networks. This degradation is observed for average as well as 5% UPT and this is due to adjacent channel gNB-gNB CLI, as concluded in RAN1.
Observation 1: A significant legacy TDD UL throughput degradation is observed when the SBFD operation is in the legacy UL symbols as compared to the case when the SBFD operation is allowed only in the legacy DL TDD symbols.
To prevent this coexistence problem in the networks, SBFD shall not be enabled in the slots that are designated as UL in TDD configurations.
Proposal 1 For the normative phase, SBFD operation shall not be considered in the legacy TDD UL symbols.
We had made a similar proposal in RAN Plenary #101 under [2].
3	SBFD operation in Legacy TDD DL symbols
RAN1 and RAN4 simulations revealed in some scenarios there is degradation observed in the reception of TDD downlink traffic by cell edge UEs when SBFD is enabled in the slots that coincide with DL slots of the legacy networks.  This degradation is due to UE-to-UE CLI, as concluded in RAN1 [1].  
Observation 2:  Throughput degradation was observed at the cell edge in some scenarios when SBFD is enabled in the slots that coincide with the DL slot of the legacy TDD network. 
In section 11.3.5 of TR 38.858 [1], an agreement was made that for the cases where no throughput degradation has been observed assuming SBFD-capable BS and SBFD-aware UE having the same ACLR or ACS as legacy TDD BS and UE, no additional coexistence measures are required for SBFD deployment. On the other hand, for other cases where throughput degradation has been observed, interference mitigation techniques will need to be considered.
Proposal 2: In the normative phase, interference mitigation techniques shall be considered, at least for the cases that present throughput degradation in legacy TDD DL. 
4	Dynamic/Flexible TDD
In RAN1, dynamic/flexible TDD was studied and a new scheme “dynamic SBFD” was also proposed by some companies at the later stage of the Rel-18 study item. For the latter, no conclusions/recommendations are drawn in TR 38.858. Moreover, for both schemes, all the work focused on the single operator case, while the practically significant case of two operators in adjacent frequency bands was not addressed.  All the observations/conclusions and recommended enhancements were aimed at mitigating “co-channel” interference—as opposed to “adjacent channel” interference.  Thereby, in our perspective, the study of dynamic/flexible TDD or dynamic SBFD is not complete from the standpoint of combating or limiting adjacent channel CLI in legacy TDD networks.
Some companies support enabling SBFD in symbols that are declared as “flexible” in TDD configuration.  This SBFD variant was not studied in adjacent channel coexistence scenario in RAN1.
Observation 3: In RAN1, dynamic/flexible TDD and either dynamic SBFD or SBFD on flexible symbols were not studied in the practical deployment scenario of two operators in adjacent bands, whereby the RAN1 study does not cover potential performance degradation due to adjacent channel CLI.
In RAN4, an agreement (section 13.2 of [1]) was made that since RAN4 did not conduct any studies with Dynamic TDD during Rel-18 SI phase, the recommendations made under Rel-16 and captured in TR38.828 should still be valid.  The recommendations made in section 6.3.1.1 of TR 38.828 [3] were as follow:
-	Concerning Urban Macro to Urban Macro scenario in FR1, “Performance degradation was observed from the BS-to-BS interference for macro-to-macro scenario, which suggests that dynamic TDD should not be operated in such scenarios.”
-	Concerning an indoor network and a macro network scenario in FR1 and vice versa, “Performance degradations were not observed from operating dynamic TDD between an indoor network and a macro network and vice versa if there is sufficient isolation between them. No significant impact from operating dynamic TDD for the indoor scenario was observed if the BS and UE powers are similar and the operator’s coordinate so that base station positions are offset. If higher BS power is assumed, some throughput degradation in the indoor scenario was observed due to BS-to-BS interference. The observations imply that dynamic TDD can be used in indoors if care is taken.”
Observation 4: The recommendations for dynamic TDD in TR38.828 are still valid and should be taken into consideration. Any mitigation techniques of dynamic TDD to address adjacent channel interference can apply to dynamic SBFD as well as SBFD operation in symbols configured as flexible.
Based on the above recommendation of Rel-16 TR, we believe that dynamic/flexible TDD, as well as dynamic SBFD and SBFD on flexible symbols, will cause comparable degradation in case of non-coordinating adjacent networks (e.g., two operators in adjacent frequency bands).  We believe that the study of dynamic/flexible TDD as well as dynamic SBFD and SBFD on flexible symbols is not complete in Rel-18 SI, at least with respect to managing adjacent channel CLI.
Proposal 3:  At least adjacent channel coexistence between two operators shall be considered as a minimum if there is normative work on dynamic TDD or dynamic SBFD.
________________________________________________________________________
5	Conclusions
Observation 1: For legacy TDD operations a larger throughput degradation is observed when SBFD operation is allowed in the legacy TDD UL slot as compared to the case when SBFD operation is allowed only in the legacy TDD DL slots. 
Observation 2:  Throughput degradation was observed at the cell edge in some scenarios when SBFD is enabled in the slots that coincide with the DL slot of the legacy TDD network. 
Observation 3: In RAN1, dynamic/flexible TDD and either dynamic SBFD or SBFD on flexible symbols were not studied in the practical deployment scenario of two operators in adjacent bands, whereby the RAN1 study does not cover potential performance degradation due to adjacent channel CLI.
Observation 4: The recommendations for dynamic TDD in TR38.828 are still valid and should be taken into consideration. Any mitigation techniques of dynamic TDD to address adjacent channel interference can apply to dynamic SBFD as well as SBFD operation in symbols configured as flexible.
Based on these observations and the RAN4 SI conclusions we propose the following objectives to be added to the Rel-19 SBFD WID
Proposal 1:  For normative phase, SBFD operation shall not be considered in the legacy TDD UL slot.

Proposal 2: In the normative phase, interference mitigation techniques need to be considered, at least for the cases that present throughput degradation in legacy TDD DL. 
Proposal 3: At least adjacent channel coexistence between two operators shall be considered as a minimum if there is normative work on dynamic TDD or dynamic SBFD.
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