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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK12]Introduction
[bookmark: _Hlk54103374]In RAN1#112bis-e meeting, the evaluation methodologies and assumptions for NR full duplex were discussed and agreed, detailed agreements are listed in Annex A [1]. In this contribution, we provide our simulation results and the related assumptions used in our duplex simulations.
2. Performance evaluation results
[bookmark: _Hlk118388887]Based on the agreements in last RAN1 meeting, the overall simulation assumptions used in this evaluation are shown in Table B-1 in Annex B. 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 the agreements in last RAN1 meeting.
· Antenna array: Two options were agreed to be used for evaluation and comparison between SBFD and legacy TDD. We used the option 2 which is the total number of antenna elements for SBFD is two times of that for legacy TDD in our simulation. 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.
· [bookmark: OLE_LINK1]Packet size: Some parameter combinations is agreed as high priority for SBFD deployment case 1. For traffic model, the asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL (small packet size) and the asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL (large packet size) are recommended. In our evaluation, both large packet size and small packet size for DL/UL is evaluated. Moreover, UL and DL are simulated simultaneously, and each UE is assigned both UL traffic and DL traffic.
In the following, we evaluate the performances for the SBFD deployment case 1, and dynamic TDD in Indoor Hotspot scenario, Urban Macro scenario and Dense Urban scenario in FR1. For Indoor Hotspot scenario, the evaluation results for frame structure#3 (XXXXX) can be found in Section 2.1.1, the evaluation results for frame structure#2 (XXXXU) can be found in Section 2.1.2. For Urban Macro scenario, the evaluation results for frame structure#3 (XXXXX) can be found in Section 2.2.1, the evaluation results for frame structure#2 (XXXXU) can be found in Section 2.2.2. For Dense Urban scenario, the evaluation results for frame structure#3 (XXXXX) can be found in Section 2.3.1, the evaluation results for frame structure#2 (XXXXU) can be found in Section 2.3.2. The evaluation results for dynamic SBFD and dynamic TDD in different adjustment periodicities can be found in Section 2.4.
2.1. [bookmark: OLE_LINK3]Indoor Hotspot scenario
2.1.1. Frame structure#3 (XXXXX)
For SBFD and dynamic TDD with frame structure#3 in Indoor Hotspot scenario in FR1, the following schemes are evaluated:
	Scheme 1-1 (baseline)
	Baseline legacy TDD operation with UL/DL configuration of Frame structure #1 DDDSU (S slot: 12D:2S:0U)

	Scheme 1-2 (semi-static SBFD)
	Semi-static SBFD operation with 20% UL subband resource in X slot, with Frame structure #3 (XXXXX)

	Scheme 1-3 (dynamic SBFD)
	Dynamic SBFD operation with adaptation among {Full DL, Full UL, SBFD operation with 20% UL subband resource} in X slot, with Frame structure#3 (XXXXX). The X slot is determined based on the required resources for DL/UL traffic transmission per 5 slots. 
· Note that for Scheme 1-3, the SBFD pattern in frequency domain (SBFD operation with 20% UL subband resource) is semi-statically configured. Scheme 1-3 is to imitate the scheme that dynamic determination on whether to apply the SBFD pattern in the X slot.

	Scheme 1-4 (dynamic TDD)
	Dynamic TDD operation with adaptation among {Full DL, Full UL, S slot (DL: GAP: UL) = (6:2:6)} in F slot, with configuration FFFFF, where F slots are determined based on the required resources for DL/UL traffic transmission per 5 slots


1. 
2. 
2.1. 
2.1.1.1. Small packet size
In this section, for Indoor Hotspot scenario in FR1, the asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL is evaluated with different level of RUs. In previous RAN1 meeting, it was agreed that the DL/UL arrival rate for legacy TDD is selected to reach a target DL/UL traffic load. Based on the test results, following traffic models are adopted for all the evaluation schemes. Note the traffic models are used for the evaluation of frame structure#2(XXXXU) in Section 2.1.2.1.

	Low RU 
(DL/UL type-2 RU < 10%)
	Packet size: 4Kbytes for DL and 1Kbytes for UL
DL arrival rate: 160 packets/sec
UL arrival rate: 160 packets/sec 
Note: Under this configuration, the DL type-2 RU is 8.35% and UL type-2 RU is 9.59% in scheme 1-1.

	Medium RU
(DL/UL type-2 RU ~ [20%-30%])
	Packet size: 4Kbytes for DL and 1Kbytes for UL
DL arrival rate: 450 packets/sec
UL arrival rate: 480 packets/sec 
Note: Under this configuration, the DL type-2 RU is 25.15% and UL type-2 RU is 25.71% in scheme 1-1.

	High RU
(DL/UL type-2 RU >= 50%)
	Packet size: 4Kbytes for DL and 1Kbytes for UL
DL arrival rate: 800 packets/sec
UL arrival rate: 1000 packets/sec
Note: Under this configuration, the DL type-2 RU is 52.08% and UL type-2 RU is 53.45% in scheme 1-1.



The performance gain of DL/UL average-UPT for evaluation schemes compared to baseline scheme in indoor hotspot scenario are shown in Figure 1 to Figure 3. The corresponding DL/UL average-UPT, DL/UL per packet (option 1) and per user (option 2) latency, DL/UL type 1 and type 2 RU can be found in the summary of the evaluation results of SBFD. Based on the evaluation results, the following can be observed.
For DL, semi-static SBFD can achieve performance gain with low load, but has performance degradation with medium and high load, the gain of DL average-UPT decreases with the increase of traffic load. Due to the relatively small size of packets, a packet almost only needs one HARQ for transmission. Hence, the latency of packet is mainly composed of two components: the time to compete for resources and the time for the HARQ to be correctly received. Since slot U in legacy TDD is also become to slot X, UE has more transmission opportunities. In addition, due to the UL resource in the X slot, the feedback delay of HARQ-ACK can be reduced. In result, for incorrectly transmitted TBs, they can be retransmitted faster. However, since DL resources in slot X are smaller than DL resources in slot D, resource competition may result in additional delay. In addition, the UE support only half-duplex current, UL HARQ scheduling can also affect the UE's DL HARQ scheduling, causing additional delay. Compared with legacy TDD, the performance of 95% DL delay in semi-static SBFD is better, but as the load increases, the performance of 95% DL delay in semi-static SBFD become worse and worse. Hence, the DL performance decreases with the increase of traffic load.
For UL, semi-static SBFD can achieve greatly performance with low, medium and high load. Similar to the DL packet, a UL packet also requires only one HARQ to transmission. The UL resources in the X slot can be used to transmit UL traffic packet and SR, the time to compete for resources of UL packets can be significance reduced. In addition, The UL resources in the X slot also provide faster retransmission opportunities for incorrectly transmitted HARQs. 
For dynamic SBFD and dynamic TDD, since the packet arrival rate is high and the traffic load changes dramatically, the dynamic adjustment algorithm cannot accurately predict the traffic load changes, which makes the resource adjustment and the traffic load not match well, which may bring additional delay. Further shortening the adjustment periodicities or optimizing the dynamic adjustment algorithm, dynamic FD and dynamic TDD may achieve better performance. Similar to the semi-static SBFD, dynamic SBFD can also has significant gains in the uplink request scheduling process compared with legacy TDD or dynamic TDD.
As discussed above, the following observations can be obtained.
Observation 1: For FR 1 InH and asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXX (Scheme 1-2) achieves 2.66% DL average-UPT gain with low load, but has 2.89% and 12.06% DL average-UPT degradation with medium and high load. The gain of DL average-UPT decreases with the increase of traffic load.
· Semi-static SBFD with XXXXX (Scheme 1-2) achieves 185.66%, 185.69% and 175.55% UL average-UPT gain with low, medium, and high load.
· Dynamic SBFD with XXXXX (Scheme 1-3) achieves 1.64% DL average-UPT gain with low load, but has 3.91% and 15.67% DL average-UPT degradation with medium and high load. The gain of DL average-UPT decreases with the increase of traffic load.
· Dynamic SBFD with XXXXX (Scheme 1-3) achieves 156.72%, 162.50% and 112.73% UL average-UPT gain in low, medium, and high load.
· Dynamic TDD with FFFFF (Scheme 1-4) achieves 15.73%, 14.93% and 10.92% DL average-UPT gain in low, medium and high load. The gain of DL average-UPT decreases with the increase of traffic load.
· Dynamic TDD with FFFFF (Scheme 1-4) achieves 10.71%, 13.27% and 16.14% UL average-UPT gain in low, medium and high load. The gain of DL average-UPT increases with the increase of traffic load.
Observation 2: For FR 1 InH and asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL, compared to dynamic TDD (scheme 1-4), dynamic SBFD (scheme 1-3) can obtain a significant UL gain with low, medium and high load.
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Figure 1. Low RU for both UL and DL (<10%)
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Figure 2. Medium RU for both UL and DL (20%-30%)
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Figure 3. High RU for both UL and DL (>=50%)
2.1.1.2. Large packet size
In this section, for Indoor Hotspot scenario in FR1, the asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL is evaluated with different level of RUs. In previous RAN1 meeting, it was agreed that the DL/UL arrival rate for legacy TDD is selected to reach a target DL/UL traffic load. Based on the test results, following traffic models are adopted for all the evaluation schemes. Note the traffic models are used for the evaluation of frame structure#2(XXXXU) in Section 2.1.2.2, and also used for the evaluation in Section 2.4.

	Low RU 
(DL/UL type-2 RU < 10%)
	Packet size: 0.5Mbytes for DL and 0.125Mbytes for UL
DL arrival rate: 1.6 packets/sec
UL arrival rate: 2.1 packets/sec 
Note: Under this configuration, the DL type-2 RU is 9.16% and UL type-2 RU is 9.75% in scheme 1-1.

	Medium RU
(DL/UL type-2 RU ~ [20%-30%])
	Packet size: 0.5Mbytes for DL and 0.125Mbytes for UL
DL arrival rate: 3.8 packets/sec
UL arrival rate: 5.0 packets/sec 
Note: Under this configuration, the DL type-2 RU is 26.01% and UL type-2 RU is 26.34% in scheme 1-1.

	High RU
(DL/UL type-2 RU >= 50%)
	Packet size: 0.5Mbytes for DL and 0.125Mbytes for UL
DL arrival rate: 7.5 packets/sec
UL arrival rate: 9.5 packets/sec
Note: Under this configuration, the DL type-2 RU is 66.59% and UL type-2 RU is 59.30% in scheme 1-1.



The performance gain of DL/UL average-UPT for evaluation schemes compared to baseline in indoor hotspot scenario are shown in Figure 4 to Figure 6. The corresponding DL/UL average-UPT, DL/UL per packet (option 1) and per user (option 2) latency, DL/UL type 1 and type 2 RU can be found in the summary of the evaluation results of SBFD. Based on the evaluation results, the following can be observed.
For DL, semi-static SBFD can achieve performance gain with low, medium and high load. Since there are UL resources in the X slot, the reduced feedback delay of HARQ-ACK can be beneficial for the DL performance.
For UL, semi-static SBFD can achieve performance gain with low, medium and high load. The UL resources in the X slot can be used to transmit UL traffic or SR, the transmission delay of UL packets can be significant reduced.
For dynamic SBFD, it can achieve performance gain with low, medium and high in both DL and UL, especially in UL. In dynamic SBFD, if the traffic load for a certain direction e.g., DL in the cell becomes heavy, the gNB can assign more resources for this direction e.g., disable the UL subband in X slot for subsequent data transmission to ensure better service for users in the cell. Because there are far more DL resources than UL resources, the dynamic resources adjustment is more effective for UL than DL. Like the semi-static SBFD, in dynamic SBFD, UL resources in the X slot is beneficial for the DL performance because of the faster retransmission HARQ feedback. 
For dynamic TDD, like the dynamic SBFD, it can also achieve performance gain with low, medium and high load in both DL and UL, especially in UL. In dynamic TDD, the phenomenon of fast HARQ feedback retransmission is not obvious.
As discussed above, the following observations can be obtained.
Observation 3: For FR 1 InH and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXX (Scheme 1-2) achieves 3.62%, 1.11% and 12.82% DL average-UPT gain with low, medium, and high load.
· Semi-static SBFD with XXXXX (Scheme 1-2) achieves 15.02% ,12.51% and 13.89% UL average-UPT gain with low, medium, and high load.
· Dynamic SBFD with XXXXX (Scheme 1-3) achieves 13.19%, 11.36% and 18.73% DL average-UPT gain with low, medium, and high load.
· Dynamic SBFD with XXXXX (Scheme 1-3) achieves 140.12%, 108.32% and 79.78% UL average-UPT gain in low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
· Dynamic TDD with FFFFF (Scheme 1-4) achieves 5.62%, 6.78% and 11.67% DL average-UPT gain in low, medium and high load. The gain of DL average-UPT increase with the increases of traffic load.
· Dynamic TDD with FFFFF (Scheme 1-4) achieves 135.94%, 98.48% and 67.57% UL average-UPT gain in low, medium and high load. The gain of UL average-UPT decreases with the increase of traffic load.
Observation 4: For FR 1 InH and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to semi-static SBFD (scheme 1-2), dynamic SBFD (scheme 1-3) can achieve higher performance in both DL and UL, especially in UL significant gain can be obtained.
Observation 5: For FR 1 InH and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to dynamic TDD (scheme 1-4), dynamic SBFD (scheme 1-3) can achieve higher performance in both DL and UL.
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Figure 4. Low RU for both UL and DL (<10%)
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Figure 5. Medium RU for both UL and DL (20%-30%)
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Figure 6. High RU for both UL and DL (>=50%)
2.1.2. Frame structure#2 (XXXXU)
For SBFD and dynamic TDD with frame structure#2 in Indoor Hotspot scenario in FR1, the following schemes are evaluated. The baseline scheme (legacy TDD with DDDSU) is scheme 1-1 as in section 2.1.1.

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

	Scheme 2-2 (semi-static SBFD)
	Semi-static SBFD operation with 20% UL subband resource in X slot, with Frame structure #3 (XXXXU)

	Scheme 2-3 (dynamic SBFD)
	Dynamic SBFD operation with adaptation among {Full DL, Full UL, SBFD operation with 20% UL subband resource} in X slot, with Frame structure#3 (XXXXU). The X slot is determined based on the required resources for DL/UL traffic transmission per 5 slots. 
· Note that for Scheme 2-3, the SBFD pattern in frequency domain (SBFD operation with 20% UL subband resource) is semi-statically configured. Scheme 2-3 is to imitate the scheme that dynamic determination on whether to apply the SBFD pattern in the X slot.

	Scheme 2-4 (dynamic TDD)
	Dynamic TDD operation with adaptation among {Full DL, Full UL, S slot (DL: GAP: UL) = (6:2:6)} in F slot, with configuration FFFFU, where F slots are determined based on the required resources for DL/UL traffic transmission per 5 slots


2.1.2.1. Small packet size
The gain of DL/UL average-UPT between evaluation schemes and baseline for indoor hotspot scenario are shown in Figure 7 to Figure 9. The corresponding DL/UL average-UPT, DL/UL per packet (option 1) and per user (option 2) latency, DL/UL type 1 and type 2 RU can be found in the summary of the evaluation results of SBFD. Based on the evaluation results, the following can be observed.
For DL, the performance degradation occurred in semi-static SBFD and dynamic SBFD with low/medium/high load. In this frame structure configuration, no SBFD DL subband in the slots that correspond to UL slots in legacy TDD, which cause the different UL/DL resource ratio between legacy TDD and semi-static SBFD. Under this configuration, the DL resources reduction cause the DL performances lost in all traffic load. Especially in high load, the impact of resource reduction is more serve. 
Different from DL, the increase in UL resources also brings significant UL gain in all traffic load, with the increase of load, the benefit of increasing UL resources become more obvious. 
Meanwhile, the dynamic SBFD and dynamic TDD can reduce the DL performance lost caused by DL resource reduction compared to legacy TDD. It can even achieve performance gain with low, medium and high RU in dynamic TDD, the main reason is the symbol of DL bundle in S slot in dynamic TDD is less than legacy TDD, this can be beneficial for the DL performance in dynamic TDD with small packet. Compared with legacy TDD, the performance of 5% DL delay in dynamic TDD is much better. Moreover, the ratio of UL traffic load to UL resources (UL type 2 RU) is smaller than that of DL traffic load to DL resources (DL type 2 RU) in semi-static SBFD, dynamic adjustment schemes tend to dynamically allocate resources for DL transmissions. In this way, the UL performance of semi-static SBFD is affected.
As discussed above, the following observations can be obtained.
Observation 6: For FR 1 InH and asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXU (Scheme 2-2) has 6.24%, 12.76% and 22.12% DL average-UPT degradation with low, medium and high load. The gain of DL average-UPT decreases with the increase of traffic load.
· Semi-static SBFD with XXXXU (Scheme 2-2) achieves 132.55%, 140.85% and 152.31% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT increases with the increase of traffic load.
· Dynamic SBFD with XXXXU (Scheme 2-3) has 1.61%, 3.06% and 5.30% DL average-UPT degradation with low load. The gain of DL average-UPT decreases with the increases of traffic load.
· Dynamic SBFD with XXXXU (Scheme 2-3) achieves 64.49%, 49.07% and 48.72% UL average-UPT gain in low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
· Dynamic TDD with FFFFU (Scheme 2-4) achieves 11.12%, 11.61% and 8.29% DL average-UPT gain in low, medium and high load.
· Dynamic TDD with FFFFU (Scheme 2-4) achieves 7.56%, 13.85% and 21.65% UL average-UPT gain in low, medium and high load. The gain of UL average-UPT increases with the increase of traffic load.
Observation 7: For FR 1 InH and asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL, compared to dynamic TDD (scheme 2-4), dynamic SBFD (scheme 2-3) can obtain a significant UL gain with low, medium and high load.
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Figure 7. Low RU for both UL and DL (<10%)
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Figure 8. Medium RU for both UL and DL (20%-30%)
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Figure 9. High RU for both UL and DL (>=50%)
2.1.2.2. Large packet size
The gain of DL/UL average-UPT between evaluation schemes and baseline for indoor hotspot scenario are shown in Figure 10 to Figure 12. The corresponding DL/UL average-UPT, DL/UL per packet (option 1) and per user (option 2) latency, DL/UL type 1 and type 2 RU can be found in the summary of the evaluation results of SBFD. Based on the evaluation results, the following can be observed.
For DL, the performance degradation occurred in all the evaluation case with low/medium/high load. In this frame structure configuration, no SBFD DL subband in the slots that correspond to UL slots in legacy TDD, which cause the different UL/DL resource ratio between legacy TDD and semi-static SBFD. Under this configuration, the DL resources reduction cause the DL performances lost in all traffic load. Especially in high load, the impact of resource reduction is more serve. 
Different from DL, the increase in UL resources also brings significant UL gain in all traffic load, with the increase of load, the benefit of increasing UL resources become more obvious. 
Meanwhile, the dynamic SBFD and dynamic TDD can reduce the DL performance lost caused by DL resource reduction compared to legacy TDD, and further obtain significant performance gain in UL.
As discussed above, the following observations can be obtained.
Observation 8: For FR 1 InH and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXU (Scheme 2-2) has 18.66%, 22.07% and 24.55% DL average-UPT degradation with low, medium and high load. The gain of DL average-UPT decreases with the increase of traffic load.
· Semi-static SBFD with XXXXU (Scheme 2-2) achieves 91.40%, 96.24% and 116.58% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT increases with the increase of traffic load.
· Dynamic SBFD with XXXXU (Scheme 2-3) has 6.81%, 8.13% and 5.82% DL average-UPT degradation with low, medium, and high load. 
· Dynamic SBFD with XXXXU (Scheme 2-3) achieves 138.22%, 107.09% and 73.75% UL average-UPT gain in low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
· Dynamic TDD with FFFFU (Scheme 2-4) has 18.46%, 19.37% and 24.89% DL average-UPT gain in low, medium and high load. The gain of DL average-UPT increases with the increase of traffic load.
· Dynamic TDD with FFFFU (Scheme 2-4) achieves 134.19%, 102.79% and 75.06% UL average-UPT gain in low, medium and high load. The gain of UL average-UPT increases with the increase of traffic load.
Observation 9: For FR 1 InH and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to semi-static SBFD (scheme 2-2), dynamic SBFD (scheme 2-3) can achieve higher performance in both DL and UL, except UL UPT with high load.
Observation 10: For FR 1 InH and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to dynamic TDD (scheme 2-4), dynamic SBFD (scheme 2-3) can achieve higher performance in both DL and UL, except UL UPT with high load.
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Figure 10. Low RU for both UL and DL (<10%)
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Figure 11. Medium RU for both UL and DL (20%-30%)
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Figure 12. High RU for both UL and DL (>=50%)
2.2. Urban Macro scenario
In Urban Macro or Dense Urban Macro layer scenarios, some UE are clustered in the same building due to the introduction of “UE clustering” distribution, resulting in a very large CL of U2U channel. In SBFD, the U2U inter-subband CLI is strong even when frequency isolation is taken into account. To avoid this excessive CLI interference affecting the system performance, we made a simple restriction on our scheduling. When two UE are not in the same cluster, the CL of U2U channel will decrease significantly due to the penetration loss of external wall. Therefore, in our scheduling, UE in the same cluster will be prevented from transmitting and receiving at the same time. This scheduling restriction is applied in both Urban Macro or Dense Urban Macro layer scenarios.
2.2.1. Frame structure#3 (XXXXX)
For SBFD and dynamic TDD with frame structure#3 in Urban Macro scenario in FR1, the following schemes are evaluated:
	Scheme 1-1 (baseline)
	Baseline legacy TDD operation with UL/DL configuration of Frame structure #1 DDDSU (S slot: 12D:2S:0U)

	Scheme 1-2 (semi-static SBFD)
	Semi-static SBFD operation with 20% UL subband resource in X slot, with Frame structure #3 (XXXXX)


3. 
4. 
4.1. 
2.2.1.1. Small packet size
In this section, for Urban Macro scenario in FR1, the asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL is evaluated with different level of RUs. In previous RAN1 meeting, it was agreed that the DL/UL arrival rate for legacy TDD is selected to reach a target DL/UL traffic load. Based on the test results, following traffic models are adopted for all the evaluation schemes. Note the traffic models are used for the evaluation of frame structure#2(XXXXU) in Section 2.2.2.1.

	Low RU 
(DL/UL type-2 RU < 10%)
	Packet size: 4Kbytes for DL and 1Kbytes for UL
DL arrival rate: 40 packets/sec
UL arrival rate: 20 packets/sec
Note: Under this configuration, the DL type-2 RU is 8.07% and UL type-2 RU is 9.10% in scheme 1-1.

	Medium RU
(DL/UL type-2 RU ~ [20%-30%])
	Packet size: 4Kbytes for DL and 1Kbytes for UL
DL arrival rate: 140 packets/sec
UL arrival rate: 100 packets/sec 
Note: Under this configuration, the DL type-2 RU is 31.48% and UL type-2 RU is 32.55% in scheme 1-1.

	High RU
(DL/UL type-2 RU >= 50%)
	Packet size: 4Kbytes for DL and 1Kbytes for UL
DL arrival rate: 280 packets/sec
UL arrival rate: 280 packets/sec
Note: Under this configuration, the DL type-2 RU is 64.04% and UL type-2 RU is 64.46% in scheme 1-1.



The performance gain of DL/UL average-UPT for evaluation schemes compared to baseline scheme in indoor hotspot scenario is shown in Figure 13. The corresponding DL/UL average-UPT, DL/UL per packet (option 1) and per user (option 2) latency, DL/UL type 1 and type 2 RU can be found in the summary of the evaluation results of SBFD. Based on the evaluation results, the following can be observed.
For DL, compare to legacy TDD, U2U inter-subband CLI greatly impacts DL performance in semi-static SBFD, especially for cell-edge UE. Due to the UL resource in the X slot, the feedback delay of HARQ-ACK can be reduced. In result, for incorrectly transmitted TBs, they can be retransmitted faster. Hence, some cell-center UEs with high SINR may obtain some benefits, as shown as 95% DL average-UPT in Figure 13. 
For UL, since there are UL resources in X slot that can be used to transmit UL, the scheduling delay and transmission time of UL packets can be greatly reduced, compared to legacy TDD. On the other hand, due to limited UE uplink transmission power, transmission bandwidth for UL may be limited to ensure the target received power at gNB. In case of SBFD, the UL resources with smaller bandwidth and more uplink transmission opportunities in X slot are beneficial to improve uplink performance. Meanwhile, SBFD may suffer from the C2C inter-subband CLI. Thus, in semi-static SBFD, performance degradation of cell-edge UE can be observed. In addition, the gain of UL average-UPT decreases with the increase of traffic load due to increased interference.
As discussed above, the following observations can be obtained.
Observation 11: For FR 1 UMa and asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXX (Scheme 1-2) has 39.37%, 32.59% and 34.10% DL average-UPT degradation with low, medium and high load.
· Semi-static SBFD with XXXXX (Scheme 1-2) achieves 65.27%, 33.31% and 23.01% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
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[bookmark: OLE_LINK2]Figure 13.  DL and UL Average-UPT for different traffic loads
2.2.1.2. Large packet size
In this section, for Urban Macro scenario in FR1, the asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL is evaluated with different level of RUs. In previous RAN1 meeting, it was agreed that the DL/UL arrival rate for legacy TDD is selected to reach a target DL/UL traffic load. Based on the test results, following traffic models are adopted for all the evaluation schemes. Note the traffic models are used for the evaluation of frame structure#2(XXXXU) in Section 2.2.2.2.

	Low RU 
(DL/UL type-2 RU < 10%)
	Packet size: 0.5Mbytes for DL and 0.125Mbytes for UL
DL arrival rate: 0.4 packets/sec
UL arrival rate: 0.4 packets/sec 
Note: Under this configuration, the DL type-2 RU is 10.47% and UL type-2 RU is 11.39% in scheme 1-1.

	Medium RU
(DL/UL type-2 RU ~ [20%-30%])
	Packet size: 0.5Mbytes for DL and 0.125Mbytes for UL
DL arrival rate: 1.1 packets/sec
UL arrival rate: 1.8 packets/sec 
Note: Under this configuration, the DL type-2 RU is 29.79% and UL type-2 RU is 34.39% in scheme 1-1.

	High RU
(DL/UL type-2 RU >= 50%)
	Packet size: 0.5Mbytes for DL and 0.125Mbytes for UL
DL arrival rate: 2.6 packets/sec
UL arrival rate: 5.0 packets/sec
Note: Under this configuration, the DL type-2 RU is 68.84% and UL type-2 RU is 66.77% in scheme 1-1.



The performance gain of DL/UL average-UPT for evaluation schemes compared to baseline in indoor hotspot scenario is shown in Figure 14. The corresponding DL/UL average-UPT, DL/UL per packet (option 1) and per user (option 2) latency, DL/UL type 1 and type 2 RU can be found in the summary of the evaluation results of SBFD. Based on the evaluation results, the following can be observed.
For DL and UL, there is similar observation from the result of large packet size as the small packet size case. 
As discussed above, the following observations can be obtained.
Observation 12: For FR 1 UMa and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXX (Scheme 1-2) has 46.20%, 37.66% and 23.58% DL average-UPT degradation with low, medium, and high load.
· Semi-static SBFD with XXXXX (Scheme 1-2) achieves 76.16%, 21.95% and 2.22% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
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Figure 14. DL and UL Average-UPT for different traffic loads
2.2.2. Frame structure#2 (XXXXU)
For SBFD and dynamic TDD with frame structure#2 in Urban Macro scenario in FR1, the following schemes are evaluated. The baseline scheme (legacy TDD with DDDSU) is scheme 1-1 as in section 2.2.1.

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

	Scheme 2-2 (semi-static SBFD)
	Semi-static SBFD operation with 20% UL subband resource in X slot, with Frame structure #3 (XXXXU)


2.2.2.1. Small packet size
The gain of DL/UL average-UPT between evaluation schemes and baseline for indoor hotspot scenario is shown in Figure 15. The corresponding DL/UL average-UPT, DL/UL per packet (option 1) and per user (option 2) latency, DL/UL type 1 and type 2 RU can be found in the summary of the evaluation results of SBFD. Based on the evaluation results, the following can be observed.
For DL, in this frame structure configuration, there is less DL resource for SBFD compared to legacy TDD, which cause the different UL/DL resource ratio between legacy TDD and semi-static SBFD, resulting in a performance loss in DLno SBFD DL subband in the slots that correspond to UL slots in legacy TDD, which cause the different UL/DL resource ratio between legacy TDD and semi-static SBFD, resulting in a greater loss of performance.
For UL, the increase in UL resources also brings significant UL gain in all traffic load, with the increase of load, the benefit of increasing UL resources become more obvious.
As discussed above, the following observations can be obtained.
Observation 13: For FR 1 InH and asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXU (Scheme 2-2) has 47.86%, 39.26% and 41.57% DL average-UPT degradation with low, medium and high load.
· Semi-static SBFD with XXXXU (Scheme 2-2) achieves 52.61%, 43.60% and 29.52% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
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Figure 15. DL and UL Average-UPT for different traffic loads
2.2.2.2. Large packet size
The gain of DL/UL average-UPT between evaluation schemes and baseline for indoor hotspot scenario is shown in Figure 16. The corresponding DL/UL average-UPT, DL/UL per packet (option 1) and per user (option 2) latency, DL/UL type 1 and type 2 RU can be found in the summary of the evaluation results of SBFD. Based on the evaluation results, the following can be observed.
For DL, the DL resources reduction cause loss of DL performances compared to baseline. On the contrary, for UL, the increase in UL resources also brings significant UL gain in all traffic load, especially for UE in cell center.
As discussed above, the following observations can be obtained.
Observation 14: For FR 1 UMa and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXU (Scheme 2-2) has 54.59%, 51.62% and 44.73% DL average-UPT degradation with low, medium and high load.
· Semi-static SBFD with XXXXU (Scheme 2-2) achieves 110.05%, 71.69% and 70.03% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
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Figure 16. DL and UL Average-UPT for different traffic loads
2.3. Dense Urban Macro layer scenario
2.3.1. Frame structure#3 (XXXXX)
For SBFD and dynamic TDD with frame structure#3 in Dense Urban Macro layer scenario in FR1, the following schemes are evaluated:
	Scheme 1-1 (baseline)
	Baseline legacy TDD operation with UL/DL configuration of Frame structure #1 DDDSU (S slot: 12D:2S:0U)

	Scheme 1-2 (semi-static SBFD)
	Semi-static SBFD operation with 20% UL subband resource in X slot, with Frame structure #3 (XXXXX)


5. 
6. 
6.1. 
2.3.1.1. Small packet size
In this section, for Dense Urban Macro layer scenario in FR1, the asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL is evaluated with different level of RUs. In previous RAN1 meeting, it was agreed that the DL/UL arrival rate for legacy TDD is selected to reach a target DL/UL traffic load. Based on the test results, following traffic models are adopted for all the evaluation schemes. Note the traffic models are used for the evaluation of frame structure#2(XXXXU) in Section 2.3.2.1.

	Low RU 
(DL/UL type-2 RU < 10%)
	Packet size: 4Kbytes for DL and 1Kbytes for UL
DL arrival rate: 40 packets/sec
UL arrival rate: 20 packets/sec 
Note: Under this configuration, the DL type-2 RU is 5.25% and UL type-2 RU is 4.93% in scheme 1-1.

	Medium RU
(DL/UL type-2 RU ~ [20%-30%])
	Packet size: 4Kbytes for DL and 1Kbytes for UL
DL arrival rate: 140 packets/sec
UL arrival rate: 100 packets/sec 
Note: Under this configuration, the DL type-2 RU is 20.48% and UL type-2 RU is 23.02% in scheme 1-1.

	High RU
(DL/UL type-2 RU >= 50%)
	Packet size: 4Kbytes for DL and 1Kbytes for UL
DL arrival rate: 280 packets/sec
UL arrival rate: 280 packets/sec
Note: Under this configuration, the DL type-2 RU is 43.59% and UL type-2 RU is 56.52% in scheme 1-1.



The performance gain of DL/UL average-UPT for evaluation schemes compared to baseline scheme in indoor hotspot scenario is shown in Figure 17. The corresponding DL/UL average-UPT, DL/UL per packet (option 1) and per user (option 2) latency, DL/UL type 1 and type 2 RU can be found in the summary of the evaluation results of SBFD. Based on the evaluation results, the following can be observed.
For DU, there is performance loss in DL due to the effect of U2U inter-subband CLI. In UL, the uplink performance can be improved since more transmission opportunities in UL. However, the C2C inter-subband CLI has impact on the cell-edge performance, especially when the load increases, the uplink performance will decrease more obviously.
As discussed above, the following observations can be obtained.
Observation 15: For FR 1 Dense Urban Macro layer and asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXX (Scheme 1-2) has 28.51%, 28.92% and 33.81% DL average-UPT degradation with low, medium and high load.
· Semi-static SBFD with XXXXX (Scheme 1-2) achieves 134.78%, 98.27% and 57.18% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
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Figure 17. DL and UL Average-UPT for different traffic loads
2.3.1.2. Large packet size
In this section, for Dense Urban Macro layer scenario in FR1, the asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL is evaluated with different level of RUs. In previous RAN1 meeting, it was agreed that the DL/UL arrival rate for legacy TDD is selected to reach a target DL/UL traffic load. Based on the test results, following traffic models are adopted for all the evaluation schemes. Note the traffic models are used for the evaluation of frame structure#2(XXXXU) in Section 2.3.2.2.

	Low RU 
(DL/UL type-2 RU < 10%)
	Packet size: 0.5Mbytes for DL and 0.125Mbytes for UL
DL arrival rate: 0.4 packets/sec
UL arrival rate: 0.4 packets/sec 
Note: Under this configuration, the DL type-2 RU is 5.88% and UL type-2 RU is 4.62% in scheme 1-1.

	Medium RU
(DL/UL type-2 RU ~ [20%-30%])
	Packet size: 0.5Mbytes for DL and 0.125Mbytes for UL
DL arrival rate: 1.1 packets/sec
UL arrival rate: 1.8 packets/sec 
Note: Under this configuration, the DL type-2 RU is 17.96% and UL type-2 RU is 21.49% in scheme 1-1.

	High RU
(DL/UL type-2 RU >= 50%)
	Packet size: 0.5Mbytes for DL and 0.125Mbytes for UL
DL arrival rate: 2.6 packets/sec
UL arrival rate: 5.0 packets/sec
Note: Under this configuration, the DL type-2 RU is 49.11% and UL type-2 RU is 59.14% in scheme 1-1.



The performance gain of DL/UL average-UPT for evaluation schemes compared to baseline in indoor hotspot scenario is shown in Figure 18. The corresponding DL/UL average-UPT, DL/UL per packet (option 1) and per user (option 2) latency, DL/UL type 1 and type 2 RU can be found in the summary of the evaluation results of SBFD. Based on the evaluation results, the following can be observed.
For DL and UL, there is similar observation from the result of large packet size as the small packet size case. 
As discussed above, the following observations can be obtained.
Observation 16: For FR 1 Dense Urban Macro layer and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXX (Scheme 1-2) has 38.53%, 42.46% and 30.83% DL average-UPT degradation with low, medium, and high load.
· Semi-static SBFD with XXXXX (Scheme 1-2) achieves 87.45% and 25.58% UL average-UPT gain with low and medium load, but has 28.42% UL average-UPT degradation with high load. The gain of UL average-UPT decreases with the increase of traffic load.
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Figure 18. DL and UL Average-UPT for different traffic loads

2.3.2. Frame structure#2 (XXXXU)
For SBFD and dynamic TDD with frame structure#2 in Dense Urban Macro layer scenario in FR1, the following schemes are evaluated. The baseline scheme (legacy TDD with DDDSU) is scheme 1-1 as in section 2.3.1.

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

	Scheme 2-2 (semi-static SBFD)
	Semi-static SBFD operation with 20% UL subband resource in X slot, with Frame structure #3 (XXXXU)


2.3.2.1. Small packet size
The gain of DL/UL average-UPT between evaluation schemes and baseline for indoor hotspot scenario is shown in Figure 19. The corresponding DL/UL average-UPT, DL/UL per packet (option 1) and per user (option 2) latency, DL/UL type 1 and type 2 RU can be found in the summary of the evaluation results of SBFD. Based on the evaluation results, the following can be observed.
For DL and UL, there is similar observation from the result of DU Macro layer as the UMa case. 
As discussed above, the following observations can be obtained.
Observation 17: For FR 1 Dense Urban Macro layer and asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXU (Scheme 2-2) has 31.89%, 36.71% and 39.68% DL average-UPT degradation with low, medium and high load.
· Semi-static SBFD with XXXXU (Scheme 2-2) achieves 128.81%, 91.73% and 64.12% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
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Figure 19. DL and UL Average-UPT for different traffic loads
2.3.2.2. Large packet size
The gain of DL/UL average-UPT between evaluation schemes and baseline for indoor hotspot scenario is shown in Figure 20. The corresponding DL/UL average-UPT, DL/UL per packet (option 1) and per user (option 2) latency, DL/UL type 1 and type 2 RU can be found in the summary of the evaluation results of SBFD. Based on the evaluation results, the following can be observed.
For DL and UL, there is similar observation from the result of DU Macro layer as the UMa case.
As discussed above, the following observations can be obtained.
Observation 18: For FR 1 Dense Urban Macro layer and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXU (Scheme 2-2) has 50.92%, 56.24% and 50.80% DL average-UPT degradation with low, medium and high load.
· Semi-static SBFD with XXXXU (Scheme 2-2) achieves 120.74%, 54.52% and 34.80% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
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Figure 20. DL and UL Average-UPT for different traffic loads

2.4. Performance comparison on different adjustment periodicities for dynamic SBFD and dynamic TDD
In dynamic SBFD and dynamic TDD, radio resources are dynamically adjusted periodically to match the traffic load of UL and DL. The random arrival of FTP packets may cause large changes in the UL and DL traffic loads. To better match UL and DL traffic loads, we can further shorten the resource adjustment periodicity. The following schemes in Indoor Hotspot scenario in FR1 are evaluated:
	Scheme 3-1
	Dynamic SBFD operation with adaptation among {Full DL, Full UL, SBFD operation with 20% UL subband resource} in X slot, with Frame structure#3 (XXXXU). The X slot is determined based on the required resources for DL/UL traffic transmission per 5 slots. 

	Scheme 3-2
	Dynamic SBFD operation with adaptation among {Full DL, Full UL, SBFD operation with 20% UL subband resource} in X slot, with Frame structure#3 (XXXXU). The X slot is determined based on the required resources for DL/UL traffic transmission per slot. 

	Scheme 3-3
	Dynamic TDD operation with adaptation among {Full DL, Full UL, S slot (DL: GAP: UL) = (6:2:6)} in F slot, with configuration FFFFU, where F slots are determined based on the required resources for DL/UL traffic transmission per 5 slots

	Scheme 3-4
	Dynamic TDD operation with adaptation among {Full DL, Full UL, S slot (DL: GAP: UL) = (6:2:6)} in F slot, with configuration FFFFU, where F slots are determined based on the required resources for DL/UL traffic transmission per slot



For Scheme 3-2 and Scheme 3-4, an X slot or F slot may be determined as DL slot, SBFD/S slot or UL slot according to the required resources for DL and UL per slot. To enable the scheduling for UL in case of an X slot or F slot which is determined as UL, 1-symbol for PDCCH and 2-symbol for DL/UL gap are reserved at the beginning of the X slot or F slot. This may result in less resources for the UL transmission in the X slot or F slot which is determined as UL compared to Scheme 3-1 and Scheme 3-3.
In this section, the asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL is evaluated with different level of RUs. The DL/UL average-UPT for each evaluation schemes in indoor hotspot scenario with different level of RUs are shown in Figure 21 to Figure 23. 
Based on the evaluation results, it can be observed that, as the adjustment periodicity decreases, the DL/UL average-UPT performance further improves for dynamic SBFD and dynamic TDD.
Observation 19: For FR 1 InH and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, as the adjustment periodicity decreases, the DL/UL average-UPT performance further improves for dynamic SBFD and dynamic TDD.
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Figure 21. Low RU for both UL and DL (<10%)
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Figure 22. Medium RU for both UL and DL (20%-30%)
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Figure 23. High RU for both UL and DL (>=50%)
3. 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 FR 1 InH and asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXX (Scheme 1-2) achieves 2.66% DL average-UPT gain with low load, but has 2.89% and 12.06% DL average-UPT degradation with medium and high load. The gain of DL average-UPT decreases with the increase of traffic load.
· Semi-static SBFD with XXXXX (Scheme 1-2) achieves 185.66%, 185.69% and 175.55% UL average-UPT gain with low, medium, and high load.
· Dynamic SBFD with XXXXX (Scheme 1-3) achieves 1.64% DL average-UPT gain with low load, but has 3.91% and 15.67% DL average-UPT degradation with medium and high load. The gain of DL average-UPT decreases with the increase of traffic load.
· Dynamic SBFD with XXXXX (Scheme 1-3) achieves 156.72%, 162.50% and 112.73% UL average-UPT gain in low, medium, and high load.
· Dynamic TDD with FFFFF (Scheme 1-4) achieves 15.73%, 14.93% and 10.92% DL average-UPT gain in low, medium and high load. The gain of DL average-UPT decreases with the increase of traffic load.
· Dynamic TDD with FFFFF (Scheme 1-4) achieves 10.71%, 13.27% and 16.14% UL average-UPT gain in low, medium and high load. The gain of DL average-UPT increases with the increase of traffic load.
Observation 2: For FR 1 InH and asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL, compared to dynamic TDD (scheme 1-4), dynamic SBFD (scheme 1-3) can obtain a significant UL gain with low, medium and high load.
Observation 3: For FR 1 InH and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXX (Scheme 1-2) achieves 3.62%, 1.11% and 12.82% DL average-UPT gain with low, medium, and high load.
· Semi-static SBFD with XXXXX (Scheme 1-2) achieves 15.02% ,12.51% and 13.89% UL average-UPT gain with low, medium, and high load.
· Dynamic SBFD with XXXXX (Scheme 1-3) achieves 13.19%, 11.36% and 18.73% DL average-UPT gain with low, medium, and high load.
· Dynamic SBFD with XXXXX (Scheme 1-3) achieves 140.12%, 108.32% and 79.78% UL average-UPT gain in low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
· Dynamic TDD with FFFFF (Scheme 1-4) achieves 5.62%, 6.78% and 11.67% DL average-UPT gain in low, medium and high load. The gain of DL average-UPT increase with the increases of traffic load.
· Dynamic TDD with FFFFF (Scheme 1-4) achieves 135.94%, 98.48% and 67.57% UL average-UPT gain in low, medium and high load. The gain of UL average-UPT decreases with the increase of traffic load.
Observation 4: For FR 1 InH and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to semi-static SBFD (scheme 1-2), dynamic SBFD (scheme 1-3) can achieve higher performance in both DL and UL, especially in UL significant gain can be obtained.
Observation 5: For FR 1 InH and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to dynamic TDD (scheme 1-4), dynamic SBFD (scheme 1-3) can achieve higher performance in both DL and UL.
Observation 6: For FR 1 InH and asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXU (Scheme 2-2) has 6.24%, 12.76% and 22.12% DL average-UPT degradation with low, medium and high load. The gain of DL average-UPT decreases with the increase of traffic load.
· Semi-static SBFD with XXXXU (Scheme 2-2) achieves 132.55%, 140.85% and 152.31% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT increases with the increase of traffic load.
· Dynamic SBFD with XXXXU (Scheme 2-3) has 1.61%, 3.06% and 5.30% DL average-UPT degradation with low load. The gain of DL average-UPT decreases with the increases of traffic load.
· Dynamic SBFD with XXXXU (Scheme 2-3) achieves 64.49%, 49.07% and 48.72% UL average-UPT gain in low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
· Dynamic TDD with FFFFU (Scheme 2-4) achieves 11.12%, 11.61% and 8.29% DL average-UPT gain in low, medium and high load.
· Dynamic TDD with FFFFU (Scheme 2-4) achieves 7.56%, 13.85% and 21.65% UL average-UPT gain in low, medium and high load. The gain of UL average-UPT increases with the increase of traffic load.
Observation 7: For FR 1 InH and asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL, compared to dynamic TDD (scheme 2-4), dynamic SBFD (scheme 2-3) can obtain a significant UL gain with low, medium and high load.
Observation 8: For FR 1 InH and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXU (Scheme 2-2) has 18.66%, 22.07% and 24.55% DL average-UPT degradation with low, medium and high load. The gain of DL average-UPT decreases with the increase of traffic load.
· Semi-static SBFD with XXXXU (Scheme 2-2) achieves 91.40%, 96.24% and 116.58% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT increases with the increase of traffic load.
· Dynamic SBFD with XXXXU (Scheme 2-3) has 6.81%, 8.13% and 5.82% DL average-UPT degradation with low, medium, and high load. 
· Dynamic SBFD with XXXXU (Scheme 2-3) achieves 138.22%, 107.09% and 73.75% UL average-UPT gain in low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
· Dynamic TDD with FFFFU (Scheme 2-4) has 18.46%, 19.37% and 24.89% DL average-UPT gain in low, medium and high load. The gain of DL average-UPT increases with the increase of traffic load.
· Dynamic TDD with FFFFU (Scheme 2-4) achieves 134.19%, 102.79% and 75.06% UL average-UPT gain in low, medium and high load. The gain of UL average-UPT increases with the increase of traffic load.
Observation 9: For FR 1 InH and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to semi-static SBFD (scheme 2-2), dynamic SBFD (scheme 2-3) can achieve higher performance in both DL and UL, except UL UPT with high load.
Observation 10: For FR 1 InH and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to dynamic TDD (scheme 2-4), dynamic SBFD (scheme 2-3) can achieve higher performance in both DL and UL, except UL UPT with high load.
Observation 11: For FR 1 UMa and asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXX (Scheme 1-2) has 39.37%, 32.59% and 34.10% DL average-UPT degradation with low, medium and high load.
· Semi-static SBFD with XXXXX (Scheme 1-2) achieves 65.27%, 33.31% and 23.01% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
Observation 12: For FR 1 UMa and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXX (Scheme 1-2) has 46.20%, 37.66% and 23.58% DL average-UPT degradation with low, medium, and high load.
· Semi-static SBFD with XXXXX (Scheme 1-2) achieves 76.16%, 21.95% and 2.22% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
Observation 13: For FR 1 InH and asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXU (Scheme 2-2) has 47.86%, 39.26% and 41.57% DL average-UPT degradation with low, medium and high load.
· Semi-static SBFD with XXXXU (Scheme 2-2) achieves 52.61%, 43.60% and 29.52% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
Observation 14: For FR 1 UMa and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXU (Scheme 2-2) has 54.59%, 51.62% and 44.73% DL average-UPT degradation with low, medium and high load.
· Semi-static SBFD with XXXXU (Scheme 2-2) achieves 110.05%, 71.69% and 70.03% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
Observation 15: For FR 1 Dense Urban Macro layer and asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXX (Scheme 1-2) has 28.51%, 28.92% and 33.81% DL average-UPT degradation with low, medium and high load.
· Semi-static SBFD with XXXXX (Scheme 1-2) achieves 134.78%, 98.27% and 57.18% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
Observation 16: For FR 1 Dense Urban Macro layer and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXX (Scheme 1-2) has 38.53%, 42.46% and 30.83% DL average-UPT degradation with low, medium, and high load.
· Semi-static SBFD with XXXXX (Scheme 1-2) achieves 87.45% and 25.58% UL average-UPT gain with low and medium load, but has 28.42% UL average-UPT degradation with high load. The gain of UL average-UPT decreases with the increase of traffic load.
Observation 17: For FR 1 Dense Urban Macro layer and asymmetric packet size with 4Kbytes for DL and 1Kbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXU (Scheme 2-2) has 31.89%, 36.71% and 39.68% DL average-UPT degradation with low, medium and high load.
· Semi-static SBFD with XXXXU (Scheme 2-2) achieves 128.81%, 91.73% and 64.12% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
Observation 18: For FR 1 Dense Urban Macro layer and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, compared to legacy TDD with DDDSU (scheme 1-1)
· Semi-static SBFD with XXXXU (Scheme 2-2) has 50.92%, 56.24% and 50.80% DL average-UPT degradation with low, medium and high load.
· Semi-static SBFD with XXXXU (Scheme 2-2) achieves 120.74%, 54.52% and 34.80% UL average-UPT gain with low, medium, and high load. The gain of UL average-UPT decreases with the increase of traffic load.
Observation 19: For FR 1 InH and asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, as the adjustment periodicity decreases, the DL/UL average-UPT performance further improves for dynamic SBFD and dynamic TDD.
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Annex A – Agreements in RAN1 #112bis-e
Working Assumption
· Updated proposal 4-1-2a in section 8 of R1-2303945

Agreement
Confirm the previous working assumption in RAN1#112 meeting as below.
Working Assumption:
For co-site inter-sector co-channel inter-subband CLI modelling, before receiving RAN4’s reply on the value of , RAN1 assume the following only for evaluation:
· FR1:
· 75dB for spatial isolation (RAN4 typical value).
· 93dB for spatial isolation (RAN4 best value).
· 100dB for spatial isolation 
· FR2:
· 88dB for spatial isolation (RAN4 typical value).
· 98dB for spatial isolation (RAN4 best value).
· 105dB for spatial isolation 
· In addition to spatial isolation and frequency isolation, companies can use digital cancelation and report the value, e,g., 10dB. Above does not imply that RAN1 assumes or does not assume digital cancelation is feasible.
· The feasibility of these values is up to RAN4. These values can be revisited based on further RAN4 inputs.
· The 100dB/105dB isolation values for FR1 and FR2 are not from RAN4, but based on RAN4 input that some companies have proposed that isolating material could be added between sectors to increase the isolation. RAN4 has not yet discussed the details whether such approaches can be applied to outdoor sites.

Agreement
For Deployment case 3-2 (2-layer Scenario B), update Indoor-TRP to outdoor UE channel model as below.
	Large-scale channel parameters
	Indoor TRP to Outdoor UE: 
· Option 1:
· UMi-Street canyon in TR 38.901 (hBS =3 m)
· Option 2:
· For Indoor office layer: InH-Office in TR 38.901
· For Indoor factory layer: InF in TR 38.901
· For both options, O2I penetration loss between indoor TRP and outdoor UE follows Table A.2.1-12 in TR38.802 ( is the distance between the indoor TRP and the building boundary along the direction from Indoor TRP to outdoor UE. The  may be different for different indoor-TRP-outdoor-UE links associated with the same indoor TRP)

	Fast fading parameters
	Indoor TRP to Outdoor UE: 
· Option 1:
· UMi-Street canyon in TR 38.901. ASD and ZSD statistics updated to be the same as ASA and ZSA
· Option 2:
· For Indoor office layer: InH-Office (NLOS) in TR 38.901
· For Indoor factory layer: InF (NLOS) in TR 38.901



Agreement
For link level evaluation of coverage performance, MPL, MCL and MIL as defined in TR38.830 are used as the performance metrics.

Agreement
LLS for other purpose besides coverage performance evaluation is left up to companies’ interests.

Agreement
Update the previous agreement in RAN1#112 meeting as below.
For SLS in RAN1, if only large scale fading is modelled and small scale fading is not modelled for UE-UE co-channel channel model, the power of UE-UE co-channel inter-subband CLI experienced by the victim UE on each receiver chain at DL RB n can be modelled as

where
·  is the power of UE-UE co-channel inter-subband CLI from aggressor UE  to victim UE  on each receiver chain at one DL RB n (linear value).
·  is UL transmission power of UE  across all transmit chains over the allocated UL RBs (linear value)
·  is the coupling loss between UE  and UE  (linear value), accounting for analog beamforming at the aggressor UE and victim UE
·  is the total number of UL RBs in the UL subband
·  is in linear scale. For the value of , it is up to RAN4. Companies can report the value used in their simulation before receiving RAN4’s further input.
· , wherein,
· For SBFD Subband configuration with {DUD} pattern,  can be ignored
[image: Text
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·  is UL transmission power of UE  across all transmit chains per RB (linear value). , and  is the number of UL RBs allocated for UL transmission of UE .
·  is the Transmission Bandwidth Configuration, referring to Table 5.3.2-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1.
·  for FR1 with 100MHz transmission bandwidth and 30kHz SCS
·  for FR2-1 with 200MHz transmission bandwidth and 120kHz SCS
·  is the starting frequency offset between the allocated UL RBs and the measured non-allocated RB (e.g. ∆RB = 1 or ∆RB = -1 for the first adjacent RB outside of the allocated UL RBs)
· EVM is the limit specified in Table 6.4.2.1-1 in TS 38.101-1 for FR1 and in TS 38.101-2 for FR2-1 for the modulation format used in the allocated RBs.
Include the above in the LS to RAN4 to inform them of the agreement and to check if the RAN1 agreement is in line with RAN4’s understanding.

Agreement
Regarding SLS for the potential enhancements of CLI handling for SBFD and dynamic/flexible TDD in AI 9.3.3, 
· The basic evaluation methodologies and assumptions for SBFD and dynamic/flexible TDD agreed in AI 9.3.1 are used.
· If additional scheme-specific assumptions are needed for some enhancement schemes, it is up to companies to report the scheme-specific assumptions.
Agreement
For evaluation of SBFD and dynamic/flexible TDD, the maximum BS transmit power for legacy TDD in FR2-1 are modified as below.
	FR2-1

	Dense Urban Macro layer
	· Option-1: 30 dBm for both 100MHz and 200MHz.
· Option-2: 40 dBm for both 100MHz and 200MHz.

	Dense Urban Micro layer
	· 30 dBm for both 100MHz and 200MHz. 

	Indoor hotspot
	· 23 dBm for both 100MHz and 200MHz. 



Agreement
Confirm the following working assumption made in RAN1#112 meeting with modifications.
Working assumption:
For SLS in RAN1, if both large-scale and small-scale fading are modelled for UE-UE co-channel channel model, the UE-UE co-channel inter-subband CLI signal across all Rx chains at DL RB  at victim UE can be modeled as:
 where,
·  is the first part of UE-UE co-channel inter-subband CLI across all Rx chains at DL RB , caused by power leakage at aggressor UE,
·  is the  channel matrix between aggressor UE and victim UE at DL RB , the beamforming of the aggressor UE and the victim UE can be taken into account by 
·  is the number of Rx chains and  is the number of Tx chains
·  is the  normalized wideband UL digital precoder of the aggressor UE, .
· ,
·  , , is modelled as white Gaussian noise
·  has the same meaning as in the agreement for the case only large-scale fading is modelled
·  is modelled as frequency flat

· , , is modelled as white Gaussian noise
· 
·  is the  channel matrix between aggressor UE and victim UE at UL RB , the analog beams of the aggressor UE and the victim gNB can be taken into account by ,
·  is the  normalized wideband UL digital precoder of the aggressor UE, 
·  is the symbol transmitted at UL RB  at aggressor UE with transmission power for each layer as .
·  has the same meaning as in the agreement for the case only large-scale fading is modelled
·  is the total number of UL RBs in the UL subbands,
·  is in linear scale. For the value of , it is up to RAN4. Companies can report the value used in their simulation before receiving RAN4’s further input.

Working Assumption:
For SLS of duplex evaluation in RAN1, the BS noise figure is modelled as piece wise linear based on the total received power (P) as

· For FR1, A = -43dBm, B = -25dBm, C = 5dB, D = 14dB
· P is in dB scale. The linear value of total received power is the linear sum of all received power, including wanted signal, co-channel and adjacent-channel UE-gNB interference, self-interference, co-channel and adjacent-channel co-site inter-sector interference and co-channel and adjacent-channel inter-site gNB-gNB interference.
· adjacent-channel interference is only used for SBFD deployment case 4
· If P is larger than B, the receiver will be blocked.
· Send LS to RAN4 to ask the following questions:
· Whether the above values of A, B, C and D can be used for all the BS classes in FR1? If not, what are the values of A, B, C and D for each of BS classes in FR1?
· Whether fixed noise figure can be used for FR2-1 in RAN1 evaluation? If not, what are the values of A, B, C and D for BS classes in FR2-1?
· The feasibility and applicable scenarios of improved noise figure, e.g., by introducing additional interference reduction techniques like subband filtering.
· Before receiving further RAN4 inputs, the fixed noise figure is used in RAN1 evaluation as below.
· Dense Urban Macro layer: 10dB for FR2-1
· Dense Urban Micro layer: 10dB for FR2-1
· Indoor: 10dB for FR2-1
· Before receiving further RAN4 inputs, the piece-wise noise figure can be used for all scenarios in FR1 in RAN1 evaluation

Agreement
For LLS coverage evaluation, RAN1 should consider self-interference, co-site inter-sector interference, inter-site gNB-gNB co-channel inter-subband CLI and UE-gNB interference in TDD system and SBFD system. 
Option-1
· The modelling method is as below:
· For TDD UL slot, additive white Gaussian noise with variance of  is generated, where 
·  is UE-gNB interference and  is noise (in linear scale).
· For SBFD slot, additive white Gaussian noise with variance of  is generated, where 
· , , ,  are self-interference, co-site inter-sector interference, inter-site gNB-gNB co-channel inter-subband CLI and UE-gNB interference (in linear scale), respectively
· Companies to report the details of deriving  and . Some examples are as below:
· Example-1:  and  are derived based on a certain assumption of the topology of gNBs and UEs ( is derived based on 1dB desense and   is derived based on  as agreed in last meeting). In this example, the interference is pre-receiver interference.
· Note: link budget analysis can be applied in this example
· Example-2:  is derived based on statistic in SLS, and then  is used in LLS to increase the Gaussian noise power in SBFD symbol compared to TDD UL symbol. In this example, the interference is post-receiver interference.
· Example-3:  and  can be derived based on statistic in SLS. In this example, the interference is post-receiver interference.
· Companies to report the RU assumption for the interference.
· Note: For simplicity, the interference is independently updated/generated in each slot.
· Note: Companies are encouraged to report whether and how channel estimation and interference estimation will be impacted by  and .
· Based on the modelling method, the following high-level evaluation method can be used as an example for coverage performance evaluation:
· Step 1: For legacy TDD system, assume the SNR in UL only slot is , perform LLS to get the required SNR () with which UE can achieve a certain bit rate in UL
· Step 2: For SBFD system with frame structure XXXXU, assume the SNR in UL only slot is  and the SNR in SBFD slot is . Perform LLS to get the required SNR () with which UE can achieve a certain bit rate in UL for a given SBFD coverage enhancement scheme (e.g., SBFD with PUSCH repetition type A, etc.)
· Step 3: Use Link budget template to obtain MPL, MCL and MIL for legacy TDD and SBFD.
· For legacy TDD, the required SNR () obtained in Step 1 is used to calculate MPL, MCL, MIL.
· For SBFD, the required SNR () obtained in Step 2 is used to calculate MPL, MCL, MIL.
Option-2
· The UE-gNB interference and inter-site gNB-gNB co-channel inter-subband CLI in LLS coverage evaluation are explicitly modelled based on a given topology of aggressor UEs and gNBs. The UE-gNB and gNB-gNB fast fading channels are explicitly modelled in LLS. The signal model is as follows
·   
·  is the received signal vector at the victim gNB
·  is the channel matrix from target UE to gNB,  is the transmitted signal of the target user
· , , are the channel matrix and transmitted signal of the UE in the same cell as the target user 
·  and  are the channel matrix and transmitted signal of the UEs in the adjacent cell
· ,  and  are the channel matrix, the precoding matrix, and leakage CLI signal from aggressor gNB  to the victim gNB. 
· The power of the signal and interference is included in the channel marix respectively
·  and  are the self-interference vector of the co-site sectors and the thermal noise signal vector on the receiving antennas
· Companies to report the topology of gNBs and UEs to derive the detailed signals and interferences above. One example is as below
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· Based on the above modelling, the following high-level evaluation method can be used as an example for coverage performance evaluation:
· Step 1: For legacy TDD system, perform LLS to get the required SNR () with which UE can achieve a certain bit rate in UL
· Step 2: For SBFD system with frame structure XXXXU, perform LLS to get the required SNR () with which UE can achieve a certain bit rate in UL for a given SBFD coverage enhancement scheme (e.g., SBFD with PUSCH repetition type A, etc.)
· Step 3: Use Link budget template to obtain MPL, MCL and MIL for legacy TDD and SBFD.
· For legacy TDD, the required SNR () obtained in Step 1 is used to calculate MPL, MCL, MIL.
· For SBFD, the required SNR () obtained in Step 2 is used to calculate MPL, MCL, MIL.

Agreement
Regarding the Case 4 and Case 5 of schemes for PUSCH LLS coverage evaluation, two options are considered:
· Option 1 (baseline): joint channel estimation is applied only for the same symbol type
· Option 2: joint channel estimation is applied across SBFD and non-SBFD slots

Agreement
Adopt the following evaluation assumptions for LLS for coverage performance evaluation.
Table X-1: General parameters for FR1
	Parameter
	Value

	Scenario and frequency
	Urban Macro: 4GHz

	Frame structure for TDD
	TDD: DDDSU (S: 10D:2G:2U)
SBFD: XXXXU, where X denotes SBFD slot.
· For SBFD slot, {DUD} pattern is assumed.
· 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <104, 55, 5>

	Target data rates for eMBB
	UL 1Mbps

	Pathloss model (select from LoS or NLoS)
	gNB-UE: NLOS
gNB-gNB (if modelled in LLS): LOS: NLOS = 3:1

	BWP
	100MHz

	Channel model for link-level simulation
	gNB-UE: TDL-C, CDL-C
Note: Company can provide simulation results based on either TDL channel or CDL model 
Note: Companies can report gNB-gNB channel model if modelled in LLS.

	Delay spread
	300ns
Note: Other values can be reported by companies.

	UE velocity
	3km/h for indoor

	Number of antenna elements for BS
	SBFD antenna configuration option-2,
-	192 antenna elements 
-	(M,N,P,Mg,Ng) = (12,8,2,1,1)
-	(optional) 128 antenna elements 
-	(M,N,P,Mg,Ng) = (8,8,2,1,1)
-	Note: it is the same for both SBFD and non-SBFD slots
Note: Companies to report the details if other antenna configurations are used.

	Number of TxRUs for BS
	gNB architectures to study:
SBFD antenna configuration option-2,
-	64 TxRUs
-	Note: it is the same for both SBFD and non-SBFD slots
Note: Companies to report the details if other antenna configurations are used.

gNB modelling in LLS for TDL:
-	Option 1: 2 or 4 gNB RF chains in LLS. 
-	Option 2 (Optional): Number of gNB RF chains = number of TXRUs in LLS. 
-	Companies can report if and how correlation is modelled.



Table X-2: Channel-specific parameters for PUSCH for FR1
	Parameter
	Value

	Frequency hopping 
	w/ or w/o frequency hopping

	BLER
	For eMBB, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.

	Number of UE transmit chains 
	1, 2 (optional) 

	DMRS configuration 
	For 3km/h: Type I, 1 or 2 DMRS symbol, no multiplexing with data.
For frequency hopping: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.
PUSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	Waveform
	DFT-s-OFDM

	SCS
	30kHz

	PUSCH duration	
	14 OS

	HARQ configuration 
	For eMBB, whether HARQ is adopted is reported by companies. 
The maximum number of HARQ transmission (limited by frame structure and latency requirements) can be reported by companies.

	PRBs/TBS/MCS for eMBB
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. Companies are encouraged to use 30 PRBs for 1Mbps as a starting point.
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.



Table X-3: General parameters for FR2
	Parameter
	Value

	Scenario and frequency
	Dense Urban Macro: 30GHz

	Frame structure for TDD
	TDD: DDDSU (S: 10D:2G:2U)
SBFD: XXXXU where X denotes SBFD slot.
· For SBFD slot, {DUD} pattern is assumed,
· 200MHz channel bandwidth and 120kHz SCS (132 PRB): < ND, NU, NG > = <52, 26, 1>

	Target data rates for eMBB
	UL: 5Mbps

	BWP
	100MHz 200MHz

	Pathloss model (select from LoS or NLoS)
	gNB-UE: NLOS
gNB-gNB (if modelled in LLS): LOS: NLOS = 3:1

	Channel model for link-level simulation
	gNB-UE: CDL- A, TDL-A
Note: Company can provide simulation results based on either TDL channel or CDL model
Note: Companies can report gNB-gNB channel model if modelled in LLS.

	Delay spread
	100ns
Note: Other values can be reported by companies.

	UE velocity
	30 km/h for outdoor

	Number of antenna elements for BS
	SBFD antenna configuration option-2,
256 antenna elements 
(M,N,P,Mg,Ng) = (16,8,2,1,1)
Note: it is the same for both SBFD and non-SBFD slots

	Number of TxRUs for BS
	2 
Note: Analog beamforming is assumed.

	Number of UE antenna elements
	8, one panel:(M, N, P) = (2,2,2)



Table X-4: Channel-specific parameters for PUSCH for FR2
	Parameter
	Value

	Frequency hopping
	w/ or w/o frequency hopping

	BLER
	For eMBB, 
w/ HARQ, 10% iBLER, Optional: companies report iBLER.
w/o HARQ, 10% iBLER.

	Number of UE Tx/Rx chains
	1T2R, 2T2R

	DMRS configuration
	For 30km/h: Type I, 2 or 3 DMRS symbol, no multiplexing with data.
For frequency hopping for PUSCH: Type I, 1 or 2 DMRS symbol for each hop, no multiplexing with data.
PUSCH/PDSCH mapping Type, the number of DMRS symbols and DMRS position(s) are reported by companies.

	Waveform
	DFT-s-OFDM 

	SCS
	120kHz.

	PUSCH duration	
	14 OS

	HARQ configuration
	For eMBB, whether HARQ is adopted is reported by companies. 
The maximum number of HARQ transmission (limited by frame structure and latency requirements) can be reported by companies.

	PRBs/TBS/MCS for eMBB
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. Companies are encouraged to use 30 26 PRBs for 5Mbps for PUSCH as a starting point.
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.



Agreement
For coverage performance evaluation for SBFD, the link budget template in Table A.3 in TR 38.830 is reused with the following modifications.
	(10) Number of receive antenna elements
	SBFD antenna configuration option-2,
FR1:
-	192 antenna elements 
-	 (M,N,P,Mg,Ng) = (12,8,2,1,1)
-	 (optional) 128 antenna elements 
-	 (M,N,P,Mg,Ng) = (8,8,2,1,1)
FR2:
-	256 antenna elements 
-	 (M,N,P,Mg,Ng) = (16,8,2,1,1)

Note: Companies to report the details if other antenna configurations are used.

	(10a) Number of receive TxRUs
	SBFD antenna configuration option-2,
FR1:
-	64 TxRUs
FR2:
-	2 TxRUs
Note: Companies to report the details if other antenna configurations are used.



Agreement
The following table is used to collect companies’ link level evaluation results for coverage performance.
· Each company can input multiple groups of evaluation results, and each group corresponds to one kind of key assumptions, e.g., coverage enhancement schemes for SBFD, traffic load, etc.
	PUSCH-FR1-Urban Macro/ PUSCH-FR2-Dense Urban Macro

	Company name
	TDD/SBFD
	Required SNR
	MCL
	MIL
	MPL
	Key assumptions

	Source 1
	TDD
	
	
	
	
	

	
	SBFD
	
	
	
	
	

	
	Gain
	
	
	
	
	

	Source X
	TDD
	
	
	
	
	

	
	SBFD
	
	
	
	
	

	
	Gain
	
	
	
	
	

	…
	TDD
	
	
	
	
	

	
	SBFD
	
	
	
	
	

	
	Gain
	
	
	
	
	



Agreement
Capture the following in Annex C.3 “SLS calibration results” in TR38.858.
· The SLS calibration results can be found in R1-2304212.
Agreement
Update the previous agreement in RAN1#111 meeting as below:
Regarding the modelling of inter-site gNB-gNB co-channel inter-subband CLI agreed in RAN1#110bis for the case that both large scale fading and small scale fading are modelled for gNB-gNB co-channel channel model, the second part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at one UL RB, caused by receiver selectivity at victim gNB, can be modelled as
 
· , , is modelled as white Gaussian noise
· 
·  is the  channel matrix between aggressor gNB and victim gNB at DL RB , the analog beams of the aggressor gNB and the victim gNB can be taken into account by ,
·  is the digital precoder at DL RB  at aggressor gNB, ,
·  is the symbol transmitted at DL RB  at aggressor gNB with transmission power for each layer as .
·  is the total number of DL RBs in the DL subbands.
· For FR1, the value range of  (in channel selectivity) recommended from RAN4 is {46dB, [62]dB}. The following two options are recommended to be used in RAN1 simulation. Companies to report the value of  used in their simulations.
· Option-1: 
· Option-2: 
· For FR2-1, RAN1 can assume  (in channel selectivity) is given by gNB ACS until further input is received from RAN4.
· Note:  is in linear scale.
Note: The piece wise BS noise figure model at least for FR1 should be used. FFS for FR2-1.

Working Assumption
For summary of companies’ SLS evaluation results for SBFD Deployment Case 4 in the TR, the following table-Y1 can be used as an example. 
Table-Y1: Summary of results for sub-case XX of SBFD Deployment Case 4.
	Simple description for the sub-case (e.g., 100dB inter-sector isolation, SBFD Alt2, Twice area&same TxRUs, DL: 4Kbytes, UL: 1Kbyte, …)

	Operator#1 (Static TDD is always used for both baseline TDD network and SBFD Deployment Case 4)

	
	DL and UL arrival rate for baseline static TDD (Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
(Coexisting with TDD in Operator#2)
	TDD
(Coexisting with SBFD in Operator#2)
	Comparison of two TDD
	TDD
(Coexisting with TDD in Operator#2)
	TDD
(Coexisting with SBFD in Operator#2)
	Comparison of two TDD
	TDD
(Coexisting with TDD in Operator#2)
	TDD
(Coexisting with SBFD in Operator#2)
	Comparison of two TDD

	DL Average-UPT (Mbps)
	Mean
	Source1: xx
Source2: xx
Source3: xx
	Source1: xx
Source2: xx
Source3: xx
	Source1: xx%
Source2: xx%
Source3: xx%
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	UL Average-UPT (Mbps)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	DL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	UL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	DL RU (%)
	Type-1
	
	
	
	
	
	
	
	
	

	
	Type-2
	
	
	
	
	
	
	
	
	

	UL RU (%)
	Type-1 
	
	
	
	
	
	
	
	
	

	
	Type-2 
	
	
	
	
	
	
	
	
	

	Operator#2 (Static TDD is used for baseline TDD network and SBFD is used for SBFD Deployment Case 4)

	
	DL and UL arrival rate for baseline static TDD (Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD
	Gain /Increase
	TDD
	SBFD
	Gain /Increase
	TDD
	SBFD
	Gain /Increase

	DL Average-UPT (Mbps)
	Mean
	Source1: xx
Source2: xx
Source3: xx
	Source1: xx
Source2: xx
Source3: xx
	Source1: xx%
Source2: xx%
Source3: xx%
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	UL Average-UPT (Mbps)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	DL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	UL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	DL RU (%)
	Type-1
	
	
	
	
	
	
	
	
	

	
	Type-2
	
	
	
	
	
	
	
	
	

	UL RU (%)
	Type-1 
	
	
	
	
	
	
	
	
	

	
	Type-2 
	
	
	
	
	
	
	
	
	

	Note:
- For UPT, the gain can be calculated as: Gain (%) = SBFD UPT / TDD UPT - 1
- For Latency, the increase can be calculated as: Increase (%) = SBFD latency / TDD latency - 1
- For RU, the increase can be calculated as: Increase (%) = SBFD RU (%) - TDD RU (%)



Working Assumption
For summary of companies’ SLS evaluation results for SBFD Deployment Case 3-2 in the TR, the following table-Y2 can be used as an example. 
Table-Y2: Summary of results for sub-case XX of SBFD Deployment Case 3-2.
	Simple description for the sub-case (e.g., SBFD Alt2, Twice area&same TxRUs, DL: 4Kbytes, UL: 1Kbyte, …)

	Layer-1 (Static TDD is always used for both baseline TDD network and SBFD Deployment Case 3-2)

	
	DL and UL arrival rate for baseline static TDD (Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
(with TDD in Layer-2)
	TDD
(with SBFD in Layer-2)
	Comparison of two TDD
	TDD
(with TDD in Layer-2)
	TDD
(SBFD in Layer-2)
	Comparison of two TDD
	TDD
(TDD in Layer-2)
	TDD
(SBFD in Layer-2)
	Comparison of two TDD

	DL Average-UPT (Mbps)
	Mean
	Source1: xx
Source2: xx
Source3: xx
	Source1: xx
Source2: xx
Source3: xx
	Source1: xx%
Source2: xx%
Source3: xx%
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	UL Average-UPT (Mbps)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	DL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	UL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	DL RU (%)
	Type-1
	
	
	
	
	
	
	
	
	

	
	Type-2
	
	
	
	
	
	
	
	
	

	UL RU (%)
	Type-1 
	
	
	
	
	
	
	
	
	

	
	Type-2 
	
	
	
	
	
	
	
	
	

	Layer-2 (Static TDD is used for baseline TDD network and SBFD is used for SBFD Deployment Case 3-2)

	
	DL and UL arrival rate for baseline static TDD (Type-2 RU: <10%, 20%-40% and ≥50%)

	
	DL: Low, UL: Low
	DL: Medium, UL: Medium
	DL: High, UL: High

	
	TDD
	SBFD
	Gain /Increase
	TDD
	SBFD
	Gain /Increase
	TDD
	SBFD
	Gain /Increase

	DL Average-UPT (Mbps)
	Mean
	Source1: xx
Source2: xx
Source3: xx
	Source1: xx
Source2: xx
Source3: xx
	Source1: xx%
Source2: xx%
Source3: xx%
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	UL Average-UPT (Mbps)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	DL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	UL Packet-Latency CDF (ms)
	Mean
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	

	DL RU (%)
	Type-1
	
	
	
	
	
	
	
	
	

	
	Type-2
	
	
	
	
	
	
	
	
	

	UL RU (%)
	Type-1 
	
	
	
	
	
	
	
	
	

	
	Type-2 
	
	
	
	
	
	
	
	
	

	Note:
- For UPT, the gain can be calculated as: Gain (%) = SBFD UPT / TDD UPT – 1
- For Latency, the increase can be calculated as: Increase (%) = SBFD latency / TDD latency – 1
- For RU, the increase can be calculated as: Increase (%) = SBFD RU (%) – TDD RU (%)



Agreement
Companies to report whether/how receiver blocking model is considered in link budget analysis or not.

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

	[bookmark: _Hlk115207630]Parameters
	values

	[bookmark: _Hlk115098035]Scenario
	Indoor hotspot
	Urban Macro
	Dense Urban Macro layer

	Layout
	12 BSs per 120 m x 50 m
	Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around

	Inter-BS distance
	20m
	500m
	200m

	Minimum BS-UE (2D) distance
	0m
	35m
	35m

	Minimum UE-UE (2D) distance
	1m
	1m
	1m

	Carrier frequency
	4GHz
	4GHz
	4GHz

	Simulation bandwidth
	100MHz
	100MHz
	100MHz

	Subcarrier spacing
	14 OFDM symbol slot
SCS = 30kHz
	14 OFDM symbol slot
SCS = 30kHz
	14 OFDM symbol slot
SCS = 30kHz

	< ND, NU, NG >
	DU pattern，<214, 54, 5>
	DU pattern，<214, 54, 5>
	DU pattern，<214, 54, 5>

	gNB-UE Channel model
	TRP-to-UE: InH-Office in TR 38.901
	Macro-to-UE: UMa in TR 38.901
	Macro-to-UE: UMa in TR 38.901

	gNB-gNB Channel model (large-scale)
	TRP-to-TRP: InH-Office in TR 38.901 (hUE =3m)
	Macro-to-Macro: UMa in TR 38.901 (hUE =25m)
	Macro-to-Macro: UMa in TR 38.901 (hUE =25m)

	gNB-gNB Channel model (small-scale)
	TRP-to-TRP: InH-Office in TR 38.901 (hUE=3m), ASA and ZSA statistics updated to be the same as ASD and ZSD
	Macro-to-Macro:  UMa in TR 38.901 (hUE =25m), ASA and ZSA statistics updated to be the same as ASD and ZSD
	Macro-to-Macro:  UMa in TR 38.901 (hUE =25m), ASA and ZSA statistics updated to be the same as ASD and ZSD

	UE-UE Channel model (large-scale)
	UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)
	UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m).
	UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m).

	BS Tx power
	24dBm
	53dBm
	44dBm

	UE drop
	10 users per TRP, uniform
	M=20, X=2, R=25
	M=20, X=2, R=20

	UE Tx power
	23dBm
	23dBm
	23dBm

	UL power control
	P0= -60 dBm, alpha = 0.6
	P0= -80 dBm, alpha = 0.8
	P0= -86 dBm, alpha = 0.9

	BS receiver noise figure
	5dB
	5dB
	5dB

	UE receiver noise figure
	9 dB
	9 dB
	9 dB

	UE distribution
	100% indoor
	20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
	20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h

	BS antenna height
	3m
	25m
	25m

	UE antenna height
	1.5m
	1.5m
	1.5m

	BS antenna element gain + connector loss
	5dBi, Table 10 in Report ITU-R M.2412
	Table 9 in Report ITU-R M.2412
	Table 9 in Report ITU-R M.2412

	BS antenna configurations
	For legacy TDD or dynamic TDD: = (4,4,2,1,1; 4,4)
= (0.5, 0.5) λ, +45°/-45° polarization
For SBFD, there are two panel groups, for each panel group:  = (4,4,2,1,1; 4,4)
= (0.5, 0.5) λ, +45°/-45° polarization
	For legacy TDD or dynamic TDD: = (8,8,2,1,1; 2,8)
= (0.5, 0.5) λ, +45°/-45° polarization
For SBFD, there are two panel groups, for each panel group:  = (8,8,2,1,1; 2,8)
= (0.5, 0.5) λ, +45°/-45° polarization
	For legacy TDD or dynamic TDD: = (8,8,2,1,1; 2,8)
= (0.5, 0.5) λ, +45°/-45° polarization
For SBFD, there are two panel groups, for each panel group:  = (8,8,2,1,1; 2,8)
= (0.5, 0.5) λ, +45°/-45° polarization

	Mechanic tilt
	180° in GCS (pointing to the ground)
	102° in GCS
	96° in GCS

	Beam set at TRxP
	Azimuth angle φi = [0], Zenith angle θj = [90].
	Azimuth angle φi = [0], Zenith angle θj = [90].
	Azimuth angle φi = [0], Zenith angle θj = [90].

	UE antenna gain
	0dBi
	0dBi
	0dBi

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

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

	Channel estimation
	Ideal
	Ideal
	Ideal

	UE processing capability
	UE processing capability 1
	UE processing capability 1
	UE processing capability 1

	receiver
	MMSE-IRC as the baseline receiver.
	MMSE-IRC as the baseline receiver.
	MMSE-IRC as the baseline receiver.

	Handover margin
	3dB
	3dB
	3dB

	UE attachment
	Based on RSRP from port 0
	Based on RSRP from port 0
	Based on RSRP from port 0

	DL/UL Modulation
	Up to 256QAM
	Up to 64QAM
	Up to 64QAM

	Transmission scheme
	SU-MIMO, maximum layers = 2
	SU-MIMO, maximum layers = 2
	SU-MIMO, maximum layers = 2

	Scheduling
	PF
	PF
	PF

	Note 1: SR was modeled in all case.
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