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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK12]Introduction
In the RAN1#109-e meeting, the main evaluation methodologies and assumptions for NR full duplex were discussed and agreed, detailed agreements are listed in Annex A [1]. However, some issues remain to be further discussed. In this contribution, we provide our view on these issues, and the assumptions used in our simulations, followed by our simulation results based on the updated evaluation assumptions.
2. Evaluation methodology and assumptions
There were some previous studies on dynamic TDD including deployment scenarios and simulation assumptions which are provided in TR 38.828 [2]. It is reasonable to reuse the system-level simulation assumptions in TR 38.828 as a starting point for efficiency. Proper modifications for the simulation assumptions can be done by taking the realistic deployment scenarios and feasible enablers to support SBFD/dynamic TDD into account. The overall simulation assumptions used in this evaluation are shown Table B-1 in Annex B.
[bookmark: _Ref102059445][bookmark: _Ref53483663][bookmark: _Hlk53838279]Proposal 1: For SBFD and dynamic TDD evaluation, system-level simulation assumptions in TR 38.828 can be used as a starting point.
[bookmark: _Ref111189758]Proposal 2：For NR duplex evolution, system-level simulation assumptions and parameters in Table B-1 in Annex can be considered.
2.1. [bookmark: _Hlk54103374]Adjacent-channel co-existence scenario
[bookmark: _Hlk110871386]In last RAN1 meeting, it was agreed to evaluation the SBFD in the adjacent-channel co-existence scenarios (Deployment Case 4). In this case, two operators using different carriers are considered and the two carriers are adjacent carriers. One operator uses legacy TDD operation (static TDD operation) for the corresponding cells, while the other operator uses SBFD operation with the same SBFD subband configuration among the cells. There are some remaining issues for this scenario. 
The first is UE outdoor/indoor distribution proportion. In our view, for Urban Macro and Dense Urban scenarios, the general UE distribution assumption in TR 38.802 can be considered, i.e., 80% indoor UEs and 20% outdoor UEs. 
The second is the grid shift between two networks, e.g., 0%, 100%. We consider a 100% grid-shifted deployment of gNB among multiple operators to avoid strong co-location interference. The deployment of gNB is shown in Figure 1, where the red dots indicate SBFD gNBs and the blue dots indicate legacy gNBs.


[bookmark: _Ref102058719]Figure 1. Multiple operators Layout for UMa or 1-layer DU
The third is whether Indoor Hotspot and Dense Urban Micro layer are also evaluated for deployment case 4. In our view, for SBFD evaluation in deployment case 4, at least Indoor Hotspot can be also considered for FR1 and FR2. The deployment method of gNB for InH as discussed in 52.6GHz can be reused, as shown in Figure 2.
[image: ]
[bookmark: _Ref102058748][bookmark: _Ref111202654]Figure 2. Multiple operators Layout for InH
[bookmark: _Ref111189759][bookmark: _Ref102059457]Proposal 3: For SBFD Deployment Case 4, at least consider the following scenarios for evaluation from RAN1 perspective:
· 80% indoor UEs and 20% outdoor UEs in Urban Macro and Dense Urban Macro layer
· The grid shift is 100% between two operators
· Indoor Hotspot can also be considered for FR1 and FR2.
2.2. Traffic model
In last RAN1 meeting, it was agreed that for SBFD and dynamic/flexible TDD evaluation, at least FTP3 is considered, but the details of traffic model such as packet size, traffic load and ratio of DL/UL traffic have not been decided. For packet size, we consider both small packet size i.e., 0.1Mbytes and large packet size i.e., 0.5Mbytes for the evaluation to check the performance impacts with different packet sizes caused by different NR duplex schemes. Secondly, for traffic load, both low load and medium load should be evaluated with high priority and high load can be optionally evaluated. The detailed traffic configuration is shown in Table 1. 
[bookmark: _Ref102058906][bookmark: _Ref54384991]Table 1. Traffic configuration for evaluation of NR duplex enhancement
	Traffic model
	Packet size
	arrival rate λ
	Traffic load
	Ratio of DL/UL traffic

	FTP3
	0.1Mbytes
	Based on traffic load
	Low:25%
Medium:50%
[high:80%, optional]
	{2:1}
{4:1}
[{1:1}, optional]

	
	0.5Mbytes
	
	
	


[bookmark: _Ref102059459]Proposal 4: For NR duplex evolution, traffic configuration in Table 1 can be considered as the starting point.
2.3. LOS probability of cross-link
In last RAN1 meeting, some companies proposed that reusing the LOS probability of gNB-to-UE channel for the LOS probability between gNB-gNB channel may not be appropriate. However, no decision has been made.
For gNB-gNB, we evaluate the UPT performance for SBFD deployment case 1 for InH scenario, with two different LOS propagation assumptions: reusing the LOS probability for the gNB-to-UE or updating the LOS probability as 100% for gNB-gNB channel model. The test results are shown in Table 2 and Table 3. According to the results, we can observe that there is no significant performance difference between reusing LOS probability formula of gNB-to-UE and setting all gNB-to-gNB link to LOS propagation in the InH scenario. Hence, we propose to reuse the LOS probability formula of gNB-to-UE for gNB-to-gNB for InH scenario.
For UE-to-UE, it is noted that in InH scenario, the antenna height of UE may be similar to the antenna height of gNB. Therefore, we propose to reuse the LOS probability formula of gNB-to-UE for UE-to-UE at least for InH scenario.
Table 2. DL UPT in Indoor Hotspot scenario
	Configuration
	case
	Mean (Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	FR1
	All LOS
	547.04
	201.20
	570.61
	788.14

	
	Reuse formula
	542.67
	196.54
	563.01
	786.97

	FR2
	All LOS
	1047.38
	302.15
	1085.80
	1576.64

	
	Reuse formula
	1037.04
	295.11
	1066.34
	1576.44



Table 3 UL UPT in Indoor Hotspot scenario
	Configuration
	case
	Mean (Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	FR1
	All LOS
	194.84
	94.37
	229.53
	234.72

	
	Reuse formula
	193.84
	89.83
	229.40
	234.73

	FR2
	All LOS
	264.88
	85.52
	266.11
	427.78

	
	Reuse formula
	265.68
	85.85
	267.19
	428.06



[bookmark: _Ref111189762]Proposal 5: For NR duplex evolution, the LOS probability formula of gNB-to-UE for gNB-to-gNB and UE-to-UE channel model can be reused at least for InH scenario.
2.4. Evaluation scenario for dynamic/flexible TDD
According to previous study, dynamic DL/UL resource assignments is more suitable for indoor scenarios compared to Macro-to-Macro scenario.  
For indoor scenarios, both Indoor office deployment i.e., Indoor-to-Indoor and HetNet deployment i.e., Indoor-to-Macro can be considered. For the HetNet scenario, Macro cell provides the coverage and capacity for UEs and deploys a DL heavy TDD UL/DL configuration and Indoor gNB is generally deployed in factory with a UL heavy TDD UL/DL configuration. A typical HetNet scenario is depicted in Figure 3. It should be noted that all macro cells have the same TDD UL/DL configuration while all indoor cells have the same TDD configuration. The different UL/DL configurations can be configured between macro cell layer and indoor cell layer. 
[image: ]
[bookmark: _Ref102050571]Figure 3: Dynamic TDD: macro cell with DL heavy config. and indoor network with UL heavy config.
For adjacent-channel coexistence case between dynamic TDD and legacy TDD, some evaluations have been executed in Rel-16 with assumption of full buffer traffic. On the other hand, 0% grid shift, i.e., co-sited operators, was not evaluated. In Rel-18 dynamic TDD, for adjacent-channel coexistence case evaluation, it should focus on the FTP traffic and 0% grid shift case to avoid the repeated investigation.  
[bookmark: _Ref102051708][bookmark: _Ref111189764]Proposal 6: For evaluation of dynamic/flexible TDD, consider the following scenarios for evaluation:
· Indoor office with TDD UL/DL configuration that can be updated per [X] slot(s). 
· where X≥1, and can be reported by companies.
· HetNet with Urban Macro and Indoor office deployed in the same carrier or adjacent carriers, where Macro gNBs use DL dominant semi-static TDD UL/DL configuration and Indoor gNBs use dynamic TDD UL/DL assignment.
3. Performance evaluation results
Based on the discussion in section 2 and the agreements in last RAN1 meeting, some updated evaluation results in terms of DL/UL UPT and DL/UL latency for FR1 in Indoor Hotspot deployment scenario are presented in Table 5 to Table 34. Figure 4 to Figure 9 present the corresponding CDF of received SINR. Besides, in the evaluations, following models and assumptions are adopted.
· Channel modeling: In this evaluation, for gNB-to-UE, UE-to-gNB and gNB-to-gNB, both large-scale fading and small-scale fading are modeled. For UE-to-UE, only large-scale fading is modeled according to TR 38.901.
· Guard band: Based on the minimum guard band defined in TS 38.101-1 and TS 38.101-2, the guard band between downlink and uplink resource in the same slot is 3 PRBs for FR1 and 7 PRBs for FR2 in the preliminary evaluation. Considering in-band emissions (IBE), the performance of the DL resources close to the boundary of UL subband may be relatively poor, and it may be necessary to consider a larger guard band to ensure the transmission performance of the resources around the UL subband edge. Before RAN1 receives RAN4’s reply LS, the proper guard band size can be discussed preferably aligned among companies.
· Antenna array: In last RAN1 meeting, it was agreed that there are two options can be used for evaluation and comparison between SBFD and legacy TDD. We evaluated both options in our simulation for deployment case 1. The details of gNB antenna configurations for the two options are shown in the “gNB antenna configuration” column in Table B-1 in Annex B. Moreover, in our simulation, the number of antenna elements used for transmission or reception in a slot will not be changed even if gNB does not perform simultaneous downlink transmission and uplink reception in the slot.
· Interference modelling: In last RAN1 meeting, various interference types that may occur in evaluation on NR full duplex were identified to ensure common understanding. However, the modeling details for some interferences have not yet to be determined. The interference models we used in our simulation are shown in Table 4.
Table 4. The details of interference modelling in our simulations
	Index
	Name
	Details

	1
	gNB self-interference (SI)
	For self-interference cancellation at gNB side, 65dBc for spatial isolation is considered. In addition, the 45dBc ACLR of gNB is used for frequency isolation.

	2
	gNB-UE co-channel intra-subband interference
	Typical DL intra-cell/inter-cell interference

	3
	UE-gNB co-channel intra-subband interference
	Typical UL intra-cell/inter-cell interference

	4
	(inter-cell) inter-site gNB-gNB co-channel intra-subband CLI
	

	5
	(inter-cell) co-site inter-sector co-channel intra-subband CLI
	65dBc loss for spatial isolation is considered.

	6
	(inter-cell) UE-UE co-channel intra-subband CLI
	

	7
	(inter-cell) inter-site gNB-gNB co-channel inter-subband CLI
	Since gNB does not have an in-band emissions (IBE) modelling that used in UE side, the ACLR of gNB is used.

	8
	(inter-cell) co-site inter-sector co-channel inter-subband CLI
	Similar to SI modelling.

	9
	(intra-cell/inter-cell) UE-UE co-channel inter-subband CLI
	The IBE is used to determine the interference falling into the non-allocated resource blocks for all component carriers.

	10
	gNB-gNB adjacent-channel CLI
	ACLR of gNB and ACS of gNB are used.

	11
	UE-UE adjacent-channel CLI
	ACLR of UE and ACS of UE are used.

	12
	gNB-UE adjacent-channel interference 
	ACLR of gNB and ACS of UE are used.

	13
	UE-gNB adjacent-channel interference
	ACLR of UE and ACS of gNB are used.



In the following, we evaluate the performance for the SBFD deployment case 1, SBFD deployment case 2 and dynamic/flexible TDD in Indoor Hotspot scenario. 
3.1. SBFD deployment case 1
For SBFD deployment case 1, the following schemes are evaluated,

Baseline:
· Scheme 1-1: Baseline legacy TDD operation with UL/DL configuration of DDDSU (S slot: 12D:2S:0U).

SBFD operation schemes: 
· Scheme 1-2:  Frame structure#2 (XXXXU), 20% UL subband resource in X slot, the total number of antenna elements for SBFD is the same as that for legacy TDD.
· Scheme 1-3:  Frame structure#3 (XXXXX), 20% UL subband resource in X slot, the total number of antenna elements for SBFD is the same as that for legacy TDD.
· Scheme 1-4: Frame structure#2 (XXXXU), 20% UL subband resource in X slot, the total number of antenna elements for SBFD is two times of that for legacy TDD.
· Scheme 1-5: Frame structure#3 (XXXXX), 20% UL subband resource in X slot, the total number of antenna elements for SBFD is two times of that for legacy TDD
3.1.1. Small packet size
For small packet (0.1Mbytes), Table 5, Table 6 show the DL and UL UPT performance while Table 7 and Table 8 show the DL and UL latency. In Table 9, RU is also provided. From the results, we have the following observations. Compare to baseline, the UL UPT have been significantly improved in scheme 1-2 and 1-4, due to more UL resources are available for SBFD compared to the baseline. Correspondingly, as there are less DL resources for SBFD scheme 1-2 and 1-4 compared to baseline, some DL UPT degradation is observed. The DL/UL resources ratio of scheme 1-3 and 1-5 is the same as the baseline. In addition, to ensure the same actual number of antennas used for transmission or reception between SBFD operation and the baseline, the number of antenna element for SBFD scheme 1-5 is two times of the baseline. Then, for SBFD scheme 1-3, the actual number of antennas used for transmission or reception is half compared to the baseline. For SBFD, since there are UL resources in each slot, the transmission delay of UL packets can be reduced. Besides, the reduced transmission delay of UL carrying HARQ-ACK can also be beneficial for DL performance. Hence, when the DL/UL resource ratio, the actual number of antennas used for transmission or reception are the same between the baseline and SBFD scheme 1-5, SBFD scheme 1-5 can slightly improve both the DL and UL UPT. Comparing scheme 1-2 and scheme 1-4, or scheme 1-3 and 1-5, we can find that SBFD with two times antenna element number achieve better DL and UL UPT compared to SBFD with the same antenna element number, especially DL UPT.
[bookmark: _Ref111190085]Observation 1: For FR1 InH, FTP traffic with small packet size (0.1Mbyte) in deployment case 1,
· Compared to legacy TDD with DDDSU, SBFD with XXXXU having more UL resources can significantly improve the UL UPT, accordingly, some DL UPT is degraded.
· Compared to legacy TDD with DDDSU, SBFD with XXXXX with the same DL/UL resource ratio can slightly improve the DL and UL UPT with two times antenna element number.
· With the same frame structure, SBFD with two times antenna element number of that for legacy TDD achieve better DL and UL UPT compared to SBFD with the same antenna element number of that for legacy TDD.
Table 5. DL UPT for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	packet size 0.1 Mbytes
24 packet/s arrival rate for DL
6 packet/s arrival rate for UL
	Scheme 1-1
	414.52
	262.7
	431.8
	529.56

	
	Scheme 1-2
	261.48
	113.08
	247.67
	494.51

	
	Scheme 1-3
	341.96
	169.61
	324.92
	583.82

	
	Scheme 1-4
	327.18
	176.82
	302.14
	512.04

	
	Scheme 1-5
	418.34
	236.03
	395.65
	587.81

	
	Scheme 1-5 vs. 1-1
	0.92%
	-10.15%
	-8.37%
	11.00%



Table 6. UL UPT for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	packet size 0.1 Mbytes
24 packet /s arrival rate for DL
6 packet/s arrival rate for UL
	Scheme 1-1
	159.49
	155.52
	159.74
	162.92

	
	Scheme 1-2
	290.2
	273.19
	291.47
	302.74

	
	Scheme 1-3
	158.35
	144.42
	159.49
	167.4

	
	Scheme 1-4
	297.62
	289.06
	298.06
	304.66

	
	Scheme 1-5
	164.35
	156.62
	165.1
	168.85

	
	Scheme 1-5 vs. 1-1
	3.05%
	0.71%
	3.36%
	3.64%



Table 7. DL latency for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (ms)
	5%(ms)
	50%(ms)
	95%(ms)

	packet size 0.1 Mbytes
24 packet /s arrival rate for DL
6 packet /s arrival rate for UL
	Scheme 1-1
	2.54
	1.69
	2.40
	3.83

	
	Scheme 1-2
	5.17
	1.87
	4.27
	10.54

	
	Scheme 1-3
	3.36
	1.50
	3.03
	6.51

	
	Scheme 1-4
	3.57
	1.78
	3.36
	6.12

	
	Scheme 1-5
	2.51
	1.50
	2.39
	4.17



Table 8. UL latency for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (ms)
	5%(ms)
	50%(ms)
	95%(ms)

	packet size 0.1 Mbytes
24 packet /s arrival rate for DL
6 packet /s arrival rate for UL
	Scheme 1-1
	5.38
	5.22
	5.36
	5.57

	
	Scheme 1-2
	3.07
	2.84
	3.03
	3.43

	
	Scheme 1-3
	5.57
	5.12
	5.50
	6.27

	
	Scheme 1-4
	2.93
	2.81
	2.92
	3.09

	
	Scheme 1-5
	5.28
	5.06
	5.24
	5.65



Table 9. RU (RU = (number of occupied resources for a given link direction) / (total resources)) for FR1 in Indoor Hotspot scenario
	Configuration
	Case
	DL
	UL

	packet size 0.1 Mbytes
24 packet /s arrival rate for DL
6 packet /s arrival rate for UL
	Scheme 1-1
	24.78%
	3.95%

	
	Scheme 1-2
	35.67%
	3.94%

	
	Scheme 1-3
	33.05%
	4.14%

	
	Scheme 1-4
	28.41%
	3.88%

	
	Scheme 1-5
	26.59%
	3.98%


InH, FR 1, packet size 0.1 Mbytes, 24 packet/s arrival rate for DL, 6 packet/s arrival rate for UL
[image: ][image: ]
Figure 4. CDF of received SINR
3.1.2. Large packet size
For large packet (0.5Mbytes), Table 10, Table 11 show the DL and UL UPT performance while Table 12 and Table 13 show the DL and UL latency. Table 14 provides the RU. From the results, we have following observations: similar to small packet in deployment case 1, the UL UPT have been significantly improved, but there is DL UPT degradation in scheme 1-2 and 1-4 due to more UL resources for SBFD compared to baseline. Unlike the small packet, compared to baseline, there is a slight decrease in the UL UPT for scheme 1-5. Based on our further testing, this is because when the packet becomes larger, to send one packet, on an average, SBFD scheme 1-5 takes longer time than the baseline scheme, the gain of faster start UL transmission in SBFD becomes very small, which is different for small packet. 
[bookmark: _Ref111190087]Observation 2: For FR1 InH, FTP traffic with large packet size (0.5Mbyte) in deployment case 1,
· Compared to legacy TDD with DDDSU, SBFD with XXXXU with the increased UL resources can significantly improve the UL UPT, accordingly, some DL UPT degradation is observed.
· Compared to legacy TDD with DDDSU, SBFD with XXXXX with the same DL/UL resource ratio achieve higher DL UPT and slightly lower UL UPT, with two times antenna element number.
· With the same frame structure, SBFD with two times antenna element number of that for legacy TDD achieve better DL and UL UPT compared to SBFD with the same antenna element number of that for legacy TDD.
Table 10. DL UPT for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	packet size 0.5 Mbytes
4.8 packet/s arrival rate for DL
1.2 packet/s arrival rate for UL
	Scheme 1-1
	510.99
	315.07
	509.93
	675.5

	
	Scheme 1-2
	312.57
	143.12
	303.2
	493.02

	
	Scheme 1-3
	461.33
	261.25
	461.12
	646.03

	
	Scheme 1-4
	393.01
	229.28
	402.06
	515.9

	
	Scheme 1-5
	557.3
	394.8
	573.12
	656.04

	
	Scheme 1-5 vs. 1-1
	9.06%
	25.31%
	12.39%
	-2.88%


Table 11. UL UPT for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	packet size 0.5 Mbytes
4.8 packet/s arrival rate for DL
1.2 packet/s arrival rate for UL
	Scheme 1-1
	207.51
	199.7
	207.51
	214.52

	
	Scheme 1-2
	359.49
	339.6
	360.48
	375.58

	
	Scheme 1-3
	190.35
	177.34
	191.19
	200.89

	
	Scheme 1-4
	366.01
	350.19
	366.9
	378.75

	
	Scheme 1-5
	196.22
	187.23
	196.45
	203.74

	
	Scheme 1-5 vs. 1-1
	-5.44%
	-6.24%
	-5.33%
	-5.03%



Table 12. DL latency for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (ms)
	5%(ms)
	50%(ms)
	95%(ms)

	packet size 0.5 Mbytes
4.8 packet/s arrival rate for DL
1.2 packet/s arrival rate for UL
	Scheme 1-1
	10.29
	6.76
	9.57
	16.32

	
	Scheme 1-2
	20.64
	9.76
	18.08
	41.46

	
	Scheme 1-3
	11.83
	7.02
	10.91
	19.77

	
	Scheme 1-4
	13.96
	9.09
	12.88
	23.73

	
	Scheme 1-5
	8.76
	6.85
	8.31
	12.48



Table 13. UL latency for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (ms)
	5%(ms)
	50%(ms)
	95%(ms)

	packet size 0.5 Mbytes
4.8 packet/s arrival rate for DL
1.2 packet/s arrival rate for UL
	Scheme 1-1
	20.99
	19.72
	20.94
	22.34

	
	Scheme 1-2
	12.11
	11.24
	12.03
	13.21

	
	Scheme 1-3
	23.64
	21.83
	23.45
	25.89

	
	Scheme 1-4
	11.77
	11.09
	11.72
	12.58

	
	Scheme 1-5
	22.72
	21.29
	22.66
	24.26



Table 14. RU (RU = (number of occupied resources for a given link direction) / (total resources)) for FR1 in Indoor Hotspot scenario
	Configuration
	Case
	DL
	UL

	packet size 0.5 Mbytes
4.8 packet/s arrival rate for DL
1.2 packet/s arrival rate for UL
	Scheme 1-1
	25.09%
	3.88%

	
	Scheme 1-2
	31.71%
	3.88%

	
	Scheme 1-3
	27.59%
	4.00%

	
	Scheme 1-4
	25.05%
	3.89%

	
	Scheme 1-5
	22.07%
	3.88%


InH, FR 1, packet size 0.5 Mbytes, 4.8 packet/s arrival rate for DL, 2.4 packet/s arrival rate for UL
[image: ][image: ]
Figure 5. CDF of received SINR
3.2. SBFD Deployment case 2
For SBFD deployment case 2, the following schemes are simulated,

Baseline:
· Scheme 2-1: Baseline legacy TDD operation with UL/DL configuration of DDDSU (S slot: 12D:2S:0U).

SBFD operation scheme: 
· Scheme 2-2:  Flexible SBFD operation with (XXXXX), the total number of antenna elements for SBFD is two times of that for legacy TDD.
· The sub-band size for the flexible SBFD is determined based on the required resources for DL/UL traffic transmission per Y slot(s), in our simulation, Y=5.  
3.2.1. Small packet size
For small packet (0.1Mbytes), Table 15, Table 16 show the DL and UL UPT performance, Table 17 and Table 18 show the DL and UL latency. Table 19 provides the RU. From the results, we have following observations. In deployment case 2, if the traffic load for a certain direction in the cell becomes heavy, the gNB will assign more resources for this direction for subsequent data transmission to ensure better service for users in the cell. Hence, compared to legacy TDD with DDDSU, SBFD with flexible sub-band size can achieve higher DL UPT and significantly improve the UL UPT with two times antenna element.
[bookmark: _Ref111190089]Observation 3: For FR1 InH, FTP traffic with small packet size (0.1Mbyte) in deployment case 2,
· Compared to legacy TDD with DDDSU, SBFD with flexible sub-band size can significantly improve the UL UPT and also achieve higher DL UPT with two times antenna element.
Table 15. DL UPT for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	packet size 0.1 Mbytes
24 packet/s arrival rate for DL
6 packet/s arrival rate for UL
	Scheme 2-1
	414.52
	262.70
	431.80
	529.56

	
	Scheme 2-2
	430.24
	294.38
	447.1
	517

	
	gain
	3.79%
	12.06%
	3.54%
	-2.37%



Table 16. UL UPT for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	packet size 0.1 Mbytes
24 packet /s arrival rate for DL
6 packet /s arrival rate for UL
	Scheme 2-1
	159.49
	155.52
	159.75
	162.92

	
	Scheme 2-2
	323.32
	309.79
	323.74
	335.74

	
	gain
	102.72%
	99.20%
	102.65%
	106.08%



Table 17. DL latency for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (ms)
	5%(ms)
	50%(ms)
	95%(ms)

	packet size 0.1 Mbytes
24 packet /s arrival rate for DL
6 packet /s arrival rate for UL
	Scheme 2-1
	2.54
	1.69
	2.40
	3.83

	
	Scheme 2-2
	2.50
	1.93
	2.36
	3.56



Table 18. UL latency for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (ms)
	5%(ms)
	50%(ms)
	95%(ms)

	packet size 0.1 Mbytes
24 packet /s arrival rate for DL
6 packet /s arrival rate for UL
	Scheme 2-1
	5.38
	5.22
	5.36
	5.57

	
	Scheme 2-2
	2.73
	2.61
	2.71
	2.84



Table 19. RU (RU = (number of occupied resources for a given link direction) / (total resources)) for FR1 in Indoor Hotspot scenario
	Configuration
	Case
	DL
	UL

	packet size 0.1 Mbytes
24 packet /s arrival rate for DL
6 packet /s arrival rate for UL
	Scheme 2-1
	24.78%
	3.95%

	
	Scheme 2-2
	23.82%
	3.99%


InH, FR 1, packet size 0.1 Mbytes, 24 packet/s arrival rate for DL, 6 packet/s arrival rate for UL
[image: ][image: ]
Figure 6. CDF of received SINR
3.2.2. Large packet size
For large packet (0.5Mbytes), Table 20, Table 21 show the DL and UL UPT performance, Table 22 and Table 23 show the DL and UL latency. In Table 24, RU is provided. From the results, we have following observations. Similar to the small packet in deployment case 2, the gNB can flexibly adjust the ratio of DL and UL resources, which significantly improve both the DL and UL UPT. Compared with small packet, the packet arrival rate of large packet is lower, which leads to more stable traffic load in the cell, therefore, the flexible adjustment is more accurate and can obtain higher gain.
[bookmark: _Ref111190090]Observation 4: For FR1 InH, FTP traffic with large packet size (0.5Mbyte) in deployment case 2,
· Compared to legacy TDD with DDDSU, SBFD with flexible sub-band size can significantly improve both the DL and UL UPT.
· Compared to SBFD in deployment case 2 with small packet size, larger performance gain for DL and UL UPT over legacy TDD can be obtained.
Table 20. DL UPT for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	packet size 0.5 Mbytes
4.8 packet/s arrival rate for DL
1.2 packet/s arrival rate for UL
	Scheme 2-1
	510.99
	315.07
	509.93
	675.50

	
	Scheme 2-2
	648.36
	452.96
	668.02
	775.56

	
	gain
	26.88%
	43.76%
	31.00%
	14.81%



Table 21. UL UPT for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	packet size 0.5 Mbytes
4.8 packet/s arrival rate for DL
1.2 packet/s arrival rate for UL
	Scheme 2-1
	207.51
	199.70
	207.51
	214.52

	
	Scheme 2-2
	667.71
	641.72
	669.89
	689.45

	
	gain
	221.77%
	221.34%
	222.82%
	221.39%



Table 22. DL latency for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (ms)
	5%(ms)
	50%(ms)
	95%(ms)

	packet size 0.5 Mbytes
4.8 packet/s arrival rate for DL
1.2 packet/s arrival rate for UL
	Scheme 2-1
	10.29
	6.76
	9.57
	16.32

	
	Scheme 2-2
	7.71
	5.95
	7.28
	10.89



Table 23. UL latency for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (ms)
	5%(ms)
	50%(ms)
	95%(ms)

	packet size 0.5 Mbytes
4.8 packet/s arrival rate for DL
1.2 packet/s arrival rate for UL
	Scheme 2-1
	20.99
	19.72
	20.94
	22.34

	
	Scheme 2-2
	6.34
	6.05
	6.31
	6.73



Table 24. RU (RU = (number of occupied resources for a given link direction) / (total resources)) for FR1 in Indoor Hotspot scenario
	Configuration
	Case
	DL
	UL

	packet size 0.5 Mbytes
4.8 packet/s arrival rate for DL
1.2 packet/s arrival rate for UL
	Scheme 2-1
	25.09%
	3.88%

	
	Scheme 2-2
	22.40%
	3.91%


InH, FR 1, packet size 0.5 Mbytes, 4.8 packet/s arrival rate for DL, 2.4 packet/s arrival rate for UL
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Figure 7. CDF of received SINR
3.3. [bookmark: _Hlk110952994]Dynamic/flexible TDD
For dynamic/flexible TDD, the following evaluation scheme is simulated,

Baseline:
· Scheme 3-1: Baseline legacy TDD operation with UL/DL configuration of DDDSU (S slot: 12D:2S:0U).

Dynamic/flexible TDD scheme: 
· Scheme 3-2:  Dynamic/flexible TDD operation with configuration FFFFF and 5-slot adjustment periodicity.
3.3.1. Small packet size
For small packet (0.1Mbytes), Table 25, Table 26 show the DL and UL UPT performance, Table 27 and Table 28 show the DL and UL latency. Table 29 provides the RU. From the results, we have following observations. Similar to small packet in deployment case 2, dynamically adjusting transmission resources can provide significant performance gains, especially for UL transmissions.
[bookmark: _Ref111190092]Observation 5: For FR1 InH, FTP traffic with small packet size (0.1Mbyte) in dynamic/flexible TDD,
· Compared to legacy TDD with DDDSU, Dynamic/flexible TDD operation can achieve slightly higher DL UPT and significantly improve the UL UPT.
Table 25. DL UPT for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	packet size 0.1 Mbytes
24 packet/s arrival rate for DL
6 packet/s arrival rate for UL
	Scheme 3-1
	414.52
	262.7
	431.8
	529.56

	
	Scheme 3-2
	417.07
	254.99
	421.68
	548.98

	
	gain
	0.62%
	-2.93%
	-2.34%
	3.67%



Table 26. UL UPT for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	packet size 0.1 Mbytes
24 packet /s arrival rate for DL
6 packet /s arrival rate for UL
	Scheme 3-1
	159.49
	155.52
	159.75
	162.92

	
	Scheme 3-2
	287.3
	278.56
	287.56
	294.69

	
	gain
	80.14%
	79.12%
	80.01%
	80.88%



Table 27. DL latency for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (ms)
	5%(ms)
	50%(ms)
	95%(ms)

	packet size 0.1 Mbytes
24 packet /s arrival rate for DL
6 packet /s arrival rate for UL
	Scheme 3-1
	2.54
	1.69
	2.40
	3.83

	
	Scheme 3-2
	3.04
	1.72
	3.00
	4.59



Table 28. UL latency for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (ms)
	5%(ms)
	50%(ms)
	95%(ms)

	packet size 0.1 Mbytes
24 packet /s arrival rate for DL
6 packet /s arrival rate for UL
	Scheme 3-1
	5.38
	5.22
	5.36
	5.57

	
	Scheme 3-2
	3.12
	2.99
	3.10
	3.30



Table 29. RU (RU = (number of occupied resources for a given link direction) / (total resources)) for FR1 in Indoor Hotspot scenario
	Configuration
	Case
	DL
	UL

	packet size 0.1 Mbytes
24 packet /s arrival rate for DL
6 packet /s arrival rate for UL
	Scheme 3-1
	24.78%
	3.95%

	
	Scheme 3-2
	24.67%
	3.93%


InH, FR 1, packet size 0.1 Mbytes, 24 packet/s arrival rate for DL, 6 packet/s arrival rate for UL
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Figure 8. CDF of received SINR
3.3.2. Large packet size
For large packet (0.5Mbytes), Table 30 and Table 31 show the DL and UL UPT performance while Table 32 and Table 33 show the DL and UL latency. Table 34 provides RU. From the results, we have following observations. Similar to large packet in deployment case 2, not only flexible resource adjustments bring gains, but also the stable traffic load in the cell make the effect of dynamic adjustment better.
[bookmark: _Ref111190093]Observation 6: For FR1 InH, FTP traffic with large packet size (0.5Mbyte) in dynamic/flexible TDD,
· Compared to legacy TDD with DDDSU, dynamic/flexible TDD can significantly improve the UL UPT.
· Compared to dynamic/flexible TDD with small packet size, larger performance gain for DL and UL UPT over legacy TDD can be obtained.
Table 30. DL UPT for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	packet size 0.5 Mbytes
4.8 packet/s arrival rate for DL
1.2 packet/s arrival rate for UL
	Scheme 3-1
	510.99
	315.07
	509.93
	675.5

	
	Scheme 3-2
	595.14
	381.9
	600.68
	776.1

	
	gain
	16.47%
	21.21%
	17.80%
	14.89%



Table 31. UL UPT for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (Mbps)
	5%(Mbps)
	50%(Mbps)
	95%(Mbps)

	packet size 0.5 Mbytes
4.8 packet/s arrival rate for DL
1.2 packet/s arrival rate for UL
	Scheme 3-1
	207.51
	199.7
	207.51
	214.52

	
	Scheme 3-2
	630.1
	574.42
	633.58
	667.76

	
	gain
	203.65%
	187.64%
	205.33%
	211.28%



Table 32. DL latency for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (ms)
	5%(ms)
	50%(ms)
	95%(ms)

	packet size 0.5 Mbytes
4.8 packet/s arrival rate for DL
1.2 packet/s arrival rate for UL
	Scheme 3-1
	10.29
	6.76
	9.57
	16.32

	
	Scheme 3-2
	8.82
	5.87
	8.39
	12.96



Table 33. UL latency for FR1 in Indoor Hotspot scenario
	Configuration
	Scheme
	Mean (ms)
	5%(ms)
	50%(ms)
	95%(ms)

	packet size 0.5 Mbytes
4.8 packet/s arrival rate for DL
1.2 packet/s arrival rate for UL
	Scheme 3-1
	20.99
	19.72
	20.94
	22.34

	
	Scheme 3-2
	7.91
	6.97
	7.76
	9.31



Table 34. RU (RU = (number of occupied resources for a given link direction) / (total resources)) for FR1 in Indoor Hotspot scenario
	Configuration
	Case
	DL
	UL

	packet size 0.5 Mbytes
4.8 packet/s arrival rate for DL
1.2 packet/s arrival rate for UL
	Scheme 3-1
	25.09%
	3.88%

	
	Scheme 3-2
	24.16%
	3.91%


InH, FR 1, packet size 0.5 Mbytes, 4.8 packet/s arrival rate for DL, 2.4 packet/s arrival rate for UL
[image: ][image: ]
Figure 9. CDF of received SINR
4. Conclusion
In this contribution, we provide our views on NR duplex evolution, and give our simulation results with the following observations and proposals:
Observation 1: For FR1 InH, FTP traffic with small packet size (0.1Mbyte) in deployment case 1,
· Compared to legacy TDD with DDDSU, SBFD with XXXXU having more UL resources can significantly improve the UL UPT, accordingly, some DL UPT is degraded.
· Compared to legacy TDD with DDDSU, SBFD with XXXXX with the same DL/UL resource ratio can slightly improve the DL and UL UPT with two times antenna element number.
· With the same frame structure, SBFD with two times antenna element number of that for legacy TDD achieve better DL and UL UPT compared to SBFD with the same antenna element number of that for legacy TDD.
Observation 2: For FR1 InH, FTP traffic with large packet size (0.5Mbyte) in deployment case 1,
· Compared to legacy TDD with DDDSU, SBFD with XXXXU with the increased UL resources can significantly improve the UL UPT, accordingly, some DL UPT degradation is observed.
· Compared to legacy TDD with DDDSU, SBFD with XXXXX with the same DL/UL resource ratio achieve higher DL UPT and slightly lower UL UPT, with two times antenna element number.
· With the same frame structure, SBFD with two times antenna element number of that for legacy TDD achieve better DL and UL UPT compared to SBFD with the same antenna element number of that for legacy TDD.
Observation 3: For FR1 InH, FTP traffic with small packet size (0.1Mbyte) in deployment case 2,
· Compared to legacy TDD with DDDSU, SBFD with flexible sub-band size can significantly improve the UL UPT and also achieve higher DL UPT with two times antenna element.
Observation 4: For FR1 InH, FTP traffic with large packet size (0.5Mbyte) in deployment case 2,
· Compared to legacy TDD with DDDSU, SBFD with flexible sub-band size can significantly improve both the DL and UL UPT.
· Compared to SBFD in deployment case 2 with small packet size, larger performance gain for DL and UL UPT over legacy TDD can be obtained.
Observation 5: For FR1 InH, FTP traffic with small packet size (0.1Mbyte) in dynamic/flexible TDD,
· Compared to legacy TDD with DDDSU, Dynamic/flexible TDD operation can achieve slightly higher DL UPT and significantly improve the UL UPT.
Observation 6: For FR1 InH, FTP traffic with large packet size (0.5Mbyte) in dynamic/flexible TDD,
· Compared to legacy TDD with DDDSU, dynamic/flexible TDD can significantly improve the UL UPT.
· Compared to dynamic/flexible TDD with small packet size, larger performance gain for DL and UL UPT over legacy TDD can be obtained.

Proposal 1: For SBFD and dynamic TDD evaluation, system-level simulation assumptions in TR 38.828 can be used as a starting point.
Proposal 2：For NR duplex evolution, system-level simulation assumptions and parameters in Table B-1 in Annex can be considered.
Proposal 3: For SBFD Deployment Case 4, at least consider the following scenarios for evaluation from RAN1 perspective:
· 80% indoor UEs and 20% outdoor UEs in Urban Macro and Dense Urban Macro layer
· The grid shift is 100% between two operators
· Indoor Hotspot can also be considered for FR1 and FR2.
Proposal 4: For NR duplex evolution, traffic configuration in Table 1 can be considered as the starting point.
Proposal 5: For NR duplex evolution, the LOS probability formula of gNB-to-UE for gNB-to-gNB and UE-to-UE channel model can be reused at least for InH scenario.
Proposal 6: For evaluation of dynamic/flexible TDD, consider the following scenarios for evaluation:
· Indoor office with TDD UL/DL configuration that can be updated per [X] slot(s). 
· where X≥1, and can be reported by companies.
· HetNet with Urban Macro and Indoor office deployed in the same carrier or adjacent carriers, where Macro gNBs use DL dominant semi-static TDD UL/DL configuration and Indoor gNBs use dynamic TDD UL/DL assignment.
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Annex A – Agreements in RAN1 #109-e
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.

Agreement
For SBFD Deployment Case 1, at least consider the following scenarios for evaluation:
· For FR1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· FFS: UE outdoor/indoor proportion, clustering, etc
· Optional: Dense Urban with 1-layer or 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· FFS: Rural
· For FR2-1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· FFS: UE outdoor/indoor proportion, clustering, etc
· Optional: Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)
· FFS: Whether FR2-2 is considered or not in Rel-18.
Note: For optional scenarios, they can be captured in TR and it is up to each company to provide the results. The results can be used to draw conclusion/recommendation depending on the number of companies providing the results.

Agreement
Regarding gNB self-interference modelling for system level simulation purpose, consider introducing ratio of self-interference (RSI) to represent the overall self-interference suppression capability of gNB by means of spatial isolation, subband frequency isolation, digital interference cancellation and beamform nulling/isolation, etc. RSI also takes into account the impact of Tx/Rx antenna element gain on self-interference. The RSI, denoted as ,  can be defined as the ratio of the total power transmitted by gNB across all transmit chains on a frequency unit m (e.g., subband/RB/subcarrier m) in a SBFD carrier to the residual self-interference received by the same gNB on a single receiver chain on a different frequency unit n (e.g., another subband/RB/subcarrier n) in the same SBFD carrier.
· FFS: Model for link level simulations and relevant questions to ask RAN4
· FFS: details of gNB self-interference modelling using RSI in SLS. As one example based on per-RB-RSI, the gNB self-interference on a single receiver chain at UL RB n can be modelled as
· , wherein,
· 
· is the gNB self-interference on a single receiver chain at UL RB n caused by DL transmission on DL RB m.
· m is the DL RB index in DL subbands.
·  is gNB’s DL transmission power across all transmit chains at RB m (in dBm).
·  is the per-RB-RSI. 
· FFS: consider a statistical clutter model based on statistics of clutter strength and AoA.
· The following should be asked to RAN4:
· What is the value range of RSI  for each frequency range, and under what assumptions on the self-interference suppression means the value range of RSI is provided?
· RAN1 understands the RSI can be described per subband, per RB, or per subcarrier depending on the granularity of the frequency unit, and it is up to RAN4 to provide the RSI in which granularity.
· Whether it is possible for RAN4 to provide RAN1 the respective capabilities of different self-interference suppression means? e.g., is it possible to provide the separate estimates for spatial isolation, subband frequency isolation, beamform nulling/isolation, and digital cancellation, etc., as below?
·  +… 
·  denotes the spatial isolation.
·  denotes the suband frequency isolation between the Tx frequency unit m and the Rx frequency unit n.
·  denotes the beamform nulling or beam isolation.
·  denotes the digital cancellation capability.
· Whether it is possible to simplify the RSI as frequency flat model, and under which condition(s) the dependency of the RSI on frequency can be ignored?
· The feasibility of provided value range of RSI regarding factors such as blocking, AGC, etc.
· Does RSI have any dependency with the following factors or any other factors? What are the dependencies?
· gNB’s antenna aspects, e.g., the assumed antenna architecture, the number of transmit chains and receive chains, etc.
· Frequency aspects, e.g., the frequency distance between the Tx frequency unit m and the Rx frequency unit n, the number of RBs allocated for DL transmission, etc.
· Beam aspects, e.g., Tx/Rx beam-pair for FR1/FR2 especially for clutter echo, etc.
· Note: RAN1’s consideration on the frequency locations and sizes of SBFD DL subband and SBFD UL subband assumed in SBFD operation can be provided to RAN4.

Agreement
For discussion of gNB-gNB and UE-UE co-channel inter-subband CLI modelling in system level simulation, RAN1 understands at least the following two aspects need to be considered:
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs to the non-allocated RBs in the same carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in the presence of the unwanted signals at the non-allocated RBs. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)
The following questions should be asked to RAN4: 
· Whether it is feasible to consider the above two aspects for gNB-gNB and UE-UE co-channel inter-subband CLI modelling in system level simulation? Are there any other aspects should also be taken into account?
· For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of gNB-gNB link, where the DL frequency unit m and UL frequency unit n are in the same carrier and non-overlapping in frequency, and assuming the aggressor gNB transmits on the DL frequency unit m and the victim gNB receives on the UL frequency unit n, 
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 1 (defined above) at the gNB transmitter?
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 2 (defined above) at the gNB receiver?
· How to model the above interferences for the following two cases:
· inter-site gNB-gNB co-channel inter-subband CLI
· co-site inter-sector co-channel inter-subband CLI
· For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of UE-UE link, where the DL frequency unit m and UL frequency unit n are in the same carrier and non-overlapping in frequency, and assuming the aggressor UE transmits on the UL frequency unit n and the victim UE receives on the DL frequency unit m, 
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 1 (defined above) at the UE transmitter?
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?
FFS: Usage of the above model provided by RAN4 in the evaluation

Agreement
· At least the following metrics are considered for SBFD and dynamic/flexible TDD evaluation.
· DL/UL UPT or user throughput (CDF or {mean, 5%, 50%, 95%}) using SLS
· Latency (CDF or {mean, 5%, 50%, 95%}) using SLS
· Resource utilization using SLS
· DL/UL received SINR using SLS
· Coverage metric
· FFS: MPL to achieve a certain bit rate in UL and DL
· FFS: definitions of the above metrics
· FFS: other metrics

Agreement
Regarding traffic model for SBFD and dynamic/flexible TDD evaluation, at least FTP3 is considered. Performance evaluation comparison between different duplex modes (e.g., legacy static TDD vs. SBFD) should be performed based on the same amount of input traffic.
· FFS: other traffic models, e.g., XR, VoIP
· FFS: Packet size, traffic load, ratio of DL/UL traffic
· FFS: additionally consider different amount of input traffic at least for adjacent-channel coexistence studies

Agreement
For discussion for duplex evolution study (all agenda items), consider the following as RAN1’s common understanding:
· Co-channel interference: The interference is from the aggressor to the victim in the same carrier.
· Co-channel intra-subband interference: The interference is caused by transmission of the aggressor on a set of contiguous RBs in a carrier to reception of the victim on the same set of contiguous RBs in the same carrier.
· Co-channel inter-subband interference: The interference is caused by transmission of the aggressor in a first set of contiguous RBs in a carrier to reception of the victim in a second set of contiguous RBs in the same carrier, where the two contiguous RB sets are non-overlapping in frequency.
· Adjacent channel interference: The interference is from the aggressor in carrier#1 to the victim in carrier#2, where the carrier#1 and carrier#2 are adjacent carriers.
Note 1: ‘Co-channel’ here means ‘co-carrier’. ‘Adjacent-channel’ here means ‘adjacent-carrier’.

Agreement
For discussion for duplex evolution study (all agenda items), consider the following as the common understanding in RAN1 on the definition of interference types for SBFD operation:
· gNB self-interference (SI): Interference caused by DL transmission on a set of DL RBs in a carrier to UL reception on a set of UL RBs in the same carrier at the gNB side, where the two RB sets are non-overlapping in frequency.
· gNB-UE co-channel intra-subband interference: This is the same as the legacy DL interference type in legacy TDD network with static TDD UL/DL configuration.
· UE-gNB co-channel intra-subband interference: This is the same as the legacy UL interference type in legacy TDD network with static TDD UL/DL configuration.
· (inter-cell) inter-site gNB-gNB co-channel intra-subband CLI: CLI caused by DL transmission of the aggressor gNB on a set of RBs in one carrier to UL reception of the victim gNB in a different site on the same set of RBs in the same carrier.
· (inter-cell) co-site inter-sector co-channel intra-subband CLI: CLI caused by DL transmission of the aggressor gNB on a set of RBs in one carrier to UL reception of the victim gNB in another sector of the same site on the same set of RBs in the same carrier.
· (inter-cell) UE-UE co-channel intra-subband CLI: CLI caused by UL transmission of the aggressor UE on a set of RBs in one carrier to DL reception of the victim UE on the same set of RBs in the same carrier. 
· (inter-cell) inter-site gNB-gNB co-channel inter-subband CLI: CLI caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to UL reception of the victim gNB in a different site on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.
· (inter-cell) co-site inter-sector co-channel inter-subband CLI: CLI caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to UL reception of the victim gNB in another sector of the same site on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.
· (intra-cell/inter-cell) UE-UE co-channel inter-subband CLI: CLI caused by UL transmission of the aggressor UE on a first set of RBs in a carrier to DL reception of the victim UE on a second set of RBs in the same cell or neighboring cell in the same carrier, where the two RB sets are non-overlapping in frequency.
· gNB-gNB adjacent-channel CLI: CLI caused by DL transmission of the aggressor gNB in a carrier to UL reception of the victim gNB in another adjacent carrier.
· This includes adjacent-channel CLI between gNBs in the same and different sectors of the same site, i.e., co-site intra and inter-sector adjacent-channel CLI.
· UE-UE adjacent-channel CLI: CLI caused by UL transmission of the aggressor UE in a carrier to DL reception of the victim UE in another adjacent carrier.
Note: Some of the interferences may not be used according to the deployment scenarios, e.g, whether the SBFD subband configurations are the same or different across gNBs.
Note: This does not imply we need to consider all the above interference types in evaluation for SBFD.

Agreement
Regarding gNB-gNB and UE-UE adjacent-channel CLI modelling for system level simulation, RAN1 understands at least the following aspects need to be considered:
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs in one carrier to the non-allocated RBs in the adjacent carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in one carrier in the presence of the unwanted signals at the non-allocated RBs in the adjacent carrier. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)
The following questions should be asked to RAN4: 
· Whether it is feasible to consider the above two aspects for gNB-gNB and UE-UE adjacent-channel CLI modelling in system level simulation? Are there any other aspects should also be taken into account?
· For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of gNB-gNB link, where the DL frequency unit m and UL frequency unit n are in adjacent carriers and non-overlapping in frequency, and assuming the aggressor gNB transmits on the DL frequency unit m and the victim gNB receives on the UL frequency unit n, 
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 1 (defined above) at the gNB transmitter?
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 2 (defined above) at the gNB receiver?
· How to model the above interferences for the following cases:
· the two gNBs are from the same sector of the same site in adjacent carriers, i.e., co-site co-sector gNB-gNB adjacent-channel CLI
· the two gNBs are from different sectors of the same site in adjacent carriers, i.e., co-site inter-sector gNB-gNB adjacent-channel CLI
· the two gNBs are from different sites in adjacent carriers, i.e., inter-site gNB-gNB adjacent-channel CLI
· Whether it is feasible to define a similar interference ratio as BS-BS ACIR in TR38.828 but in the subband of the adjacent carrier, with finer granularity (e.g., per subband or per RB), to represent the overall effect of the Aspect 1 and Aspect 2 described above? 
· For example, whether it is feasible to define gNB-gNB-adjacent-channel-per-RB/subband interference ratio as the ratio of the power transmitted by the aggressor gNB on DL frequency unit m to the interference received by the victim gNB on UL frequency unit n? If it is feasible, then what is the value range of the gNB-gNB-adjacent-channel-per-RB/subband interference ratio for each frequency range?
· For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of UE-UE link, where the DL frequency unit m and UL frequency unit n are in adjacent carriers and non-overlapping in frequency, and assuming the aggressor UE transmits on the UL frequency unit n and the victim UE receives on the DL frequency unit m, 
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 1 (defined above) at the UE transmitter?
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?
· Whether it is feasible to define a similar interference ratio as UE-UE ACIR in TR38.828 but in the subband of the adjacent carrier, with finer granularity (e.g., per subband or per RB), to represent the overall effect of the Aspect 1 and Aspect 2 described above? 
· For example, whether it is feasible to define UE-UE-adjacent-channel-per-RB/subband interference ratio as the ratio of the power transmitted by the aggressor UE on UL frequency unit n to the interference received by the victim UE on DL frequency unit m? If it is feasible, then what is the value range of the UE-UE-adjacent-channel-per-RB/subband interference ratio for each frequency range?
· FFS: How to make use of the interference model in RAN1

Agreement
For SBFD evaluation, consider the following for SBFD subband configurations:
· SBFD Subband configuration#1 with {DUD} pattern, which means one SBFD slot consists of one UL subband at the center of the channel bandwidth and two DL subbands at two sides of the channel bandwidth.
· SBFD Subband configuration#2 with {DU} pattern, which means one SBFD slot consists of one UL subband at one side of the channel bandwidth and one DL subband at the other side of the channel bandwidth.
· Use the following parameters for description of SBFD subband configuration in evaluation assumptions:
· ND: the number of RBs in one DL subband
· NU: the number of RBs in one UL subband
· NG: the number of RBs in one guard band between one UL subband and one DL subband

Agreement
For performance evaluation and comparison between baseline legacy TDD operation and SBFD operation under SBFD Deployment Case 1 (Non-coexistence case with single SBFD subband configuration), consider the following alternatives:
· Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
· Alt 4 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#3 (XXXXX), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
· Alt 1 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#1 (DXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
· Alt 3 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDSUU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
· FFS: whether dynamic TDD can optionally be used for legacy TDD for comparison.

Agreement
For gNB-gNB co-channel/adjacent-channel channel model and UE-UE co-channel/adjacent-channel channel model in RAN1 SLS,
· Large scale fading (e.g., path loss, penetration loss, shadowing) should be modelled, and companies report whether small scale fading (e.g., fast fading including antenna gain) is also modelled in their simulation.
· Note: Antenna gain is calculated based on the gNB-gNB or UE-UE LOS direction instead on the multi-path directions if fast fading is not modeled.
· FFS: how to model realistic LOS probability for gNB-gNB and UE-UE channel model.
· FFS: How to set aligned channel model amongst companies for SLS calibration (if needed).

Agreement
For gNB-gNB channel model, reuse gNB-to-UE channel model in TR 38.901 with necessary modification
· Replacing the UE’s antenna height with gNB’s antenna height, updating the angular spread
· FFS: whether/how to update LOS probability.
· FFS: Other details and necessary modifications

Agreement
LS to RAN4 on interference modelling for duplex evolution is endorsed in R1-2205543.

Agreement
For SBFD simulation, consider 4GHz for FR1 and 30GHz for FR2-1.

Agreement
For evaluation of SBFD operation, BS uses separate panels for simultaneous downlink transmission and uplink reception, we can call it separate-Tx/Rx antenna array for description of evaluation assumption.
· Companies can report the separation of the Tx panel and Rx panel assumed in their simulation.
· Companies can report how the antenna elements are used for transmission or reception in a slot if BS does not perform simultaneous downlink transmission and uplink reception.

Agreement
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.

Agreement
For evaluation and comparison between SBFD and legacy TDD, assume the total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD. Regarding antenna elements, both of the two options can be used.
· Opt 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.
· Opt 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.
· Companies report which option is assumed in their simulation.

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

Annex B
[bookmark: _Hlk54274303]Table B-1. System-level simulation assumption for NR Full Duplex
	Parameters
	Value

	Scenario
	Urban Macro
	Dense Urban single layer
	Dense Urban single layer
	Indoor hotspot

	Layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around
	12 BSs per 120 m x 50 m

	Inter-BS distance
	500m
	200m
	20m

	Minimum UE-UE (2D) distance
	2m

	Carrier frequency
	4GHz
	30GHz
	4GHz
	30GHz

	Simulation bandwidth
	100MHz
	200MHz
	100MHz
	200MHz

	Subcarrier spacing
	30kHz
	60kHz
	30kHz
	60kHz

	SBFD subband configurations
	SBFD Subband configuration#2 with {DU} pattern
For FR1, (ND, NG, NU) = (216, 3, 54)
For FR2, (ND, NG, NU) = (206, 7, 51)

	Channel model [NOTE 1]
	TR 38.901 && TR 38.802

	BS Tx power
	49dBm
	43dBm
	24dBm
	23dBm

	UE Tx power
	23dBm
	22.4dBm
	23dBm
	22.4dBm

	UL power control
	P0 = -80, Alpha = 0.8
	P0 = -60, Alpha = 0.6

	BS receiver noise figure
	5dB
	10dB
	5dB
	10dB

	UE receiver noise figure
	9dB
	10dB
	9dB
	10dB

	UE distribution
	[bookmark: _Hlk110871742]80% indoor 3km/h and 20% outdoor 30km/h
	80% indoor 3km/h and 20% outdoor 30km/h
	100% indoor

	BS antenna height
	25m
	3m

	UE antenna height
	hUT = 3(nf1-1) +1.5
nf1 for outdoor UEs: 1
nf1 for indoor UEs: nf1~uniform (1, Nf1) where Nf1 = 1
	1.5m

	BS antenna element gain + connector loss
	5dBi
	3dBi
	3.5dBi
	3dBi

	BS antenna configurations
	TDD：(M,N,P,Mg,Ng;Mp,Np)= (8,8,2,1,1;2,8)
Option 1:(M,N,P,Mg,Ng;Mp,Np)= (4,8,2,1,1;1,8)
Option 2:(M,N,P,Mg,Ng;Mp,Np)= (8,8,2,1,1;2,8)
(dH, dV) =(0.5, 0.8)λ
	TDD:(M,N,P,Mg,Ng;Mp,Np)= (8,16,2,1,1;2,4)
Option 1:(M,N,P,Mg,Ng;Mp,Np)= (4,16,2,1,1;1,4)
Option 2:(M,N,P,Mg,Ng;Mp,Np)= (8,16,2,1,1;2,4)
(dH, dV)=(0.5, 0.5)λ
	TDD:(M,N,P,Mg,Ng;Mp,Np)= (4,4,2,1,1;4,4)
Option 1:
(M,N,P,Mg,Ng;Mp,Np)= (2,4,2,1,1;2,4)
Option 2:
(M,N,P,Mg,Ng;Mp,Np)= (4,4,2,1,1;4,4)
(dH, dV)=(0.5, 0.5)λ
	TDD:(M,N,P,Mg,Ng;Mp,Np)= (4,8,2,1,1;2,2)
Option 1:(M,N,P,Mg,Ng;Mp,Np)= (2,8,2,1,1;1,2)
Option 2:(M,N,P,Mg,Ng;Mp,Np)= (4,8,2,1,1;2,2)
(dH, dV)=(0.5, 0.5)λ

	Mechanic tilt
	102。
	96。
	90。
	180。

	Beam set at TRxP
	Azimuth angle φi = [0], Zenith angle θj = [90].
	Azimuth angle φi = [-67.5, -22.5, 22.5, 67.5], Zenith angle θj = [22.5, 67.5,112.5,147.5] [NOTE 2].
	Azimuth angle φi = [0], Zenith angle θj = [90].
	Azimuth angle φi = [-67.5, -22.5, 22.5, 67.5], Zenith angle θj = [45, 135] [NOTE 2].

	UE antenna gain
	0dBi
	3dBi
	0dBi
	3dBi

	UE antenna configurations
	(M,N,P,Mg,Ng;Mp,Np)= (1,2,2,1,1; 1,2)
	(M,N,P,Mg,Ng;Mp,Np)= (2,2,2,1,1; 2,2)
	(M,N,P,Mg,Ng;Mp,Np)= (1,2,2,1,1; 1,2)
	(M,N,P,Mg,Ng;Mp,Np)= (2,2,2,1,1; 2,2)

	UE beam set
	Azimuth angle φi = [0], Zenith angle θj = [90].

	receiver
	MMSE-IRC as the baseline receiver

	Handover margin
	3dB

	NOTE 1: For BS-to-BS, small scale fading is also modelled in the simulation, for UE-to-UE, only large scale fading is modelled.
NOTE 2: The candidates beams are determined by DFT Beam Selection.
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