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Introduction

This contribution provides our view on the evaluation methodology for Duplexing Enhancements building on the agreements and discussion that took place until RAN1#112-bis-e and presents SBFD simulation results of Deployment Case 1 for the following scenarios: FR1 Urban Macro, FR1 and FR2-1 Dense Urban Macro layer, and FR1 and FR2-1 Indoor Office.
[bookmark: _Hlk510705081]Discussion on remaining issues for evaluation 
Discussion on UPT gain
Several SBFD radio frame configurations are considered for the SBFD RAN1 simulations as indicated in TR 38.858.
Based on the companies submitted performance results, it is noted that the gains of SBFD versus static TDD are quite dependent on the selected SBFD frame structure. For instance, the fact that Alt.2 frame structure contains a legacy UL slot increases the observed UL UPT as compared to Alt.4, even though the UL sub-band is designed to cover 20% of the channel bandwidth in both cases. This might not be very evident to the reader and therefore we would like to introduce a metric that fairly compares the results of SBFD XXXXU (Alt.2) and SBFD XXXXX (Alt.4) against static TDD by considering the UL RBs imbalance. 

In RAN1 #113 meeting, we have made following agreement. 
	Agreement
The following is agreed in principle with possibility for revision if necessary.
Capture the following in TR38.858 section 7.3.1 as summary of observations for indoor scenario (FR1) in SBFD deployment case 1:
<Omitted>
In case of using SBFD Alt 2 and large or small packet size, semi-static SBFD achieves significantly higher mean and 5% UL Average-UPT than legacy TDD for all load levels, where the gain at least comes from more UL resources and more UL transmission opportunities for semi-static SBFD compared to legacy TDD, and semi-static SBFD has lower mean and 5% DL Average-UPT than legacy TDD, where the loss for SBFD at least comes from less DL resources for semi-static SBFD compared to legacy TDD. Compared to semi-static SBFD with (Alt4), semi-static SBFD with (Alt2) achieves more mean and 5% UL Average-UPT gains but more mean and 5% DL Average-UPT losses, for both large packet size and small packet size.



Though the agreed observation includes the aspect that the UL UPT gain comes from the trade-off of DL loss or more UL resources, it is ambiguous to observe the overall performance accounting for both DL and UL. For providing clear gain and loss of SBFD, it is beneficial to consider a metric for the overall DL/UL performance.  

As an example of a new metric, we can consider “net UPT gain”, that normalizes the user perceived throughput by the effective resources:



Where the effective resources metric indicates the ratio of useful RBs in a TDD period for a given link direction and it is calculated as: 
-	Effective resource in UL or UL resource percentage per TDD period = (Number of UL RBs per cell per TDD period excluding guard bands and guard symbols) / (Total number of RBs per cell per TDD period including DL, UL, guard bands and guard symbols)
-	Effective resource in DL or DL resource percentage per TDD period = (Number of DL RBs per cell per TDD period excluding guard bands and guard symbols) / (Total number of RBs per cell per TDD period including DL, UL, guard bands and guard symbols)

Observation 1: There is no clear evaluation metric for the overall system performance with accounting for both DL/UL resource available. It is beneficial to consider net UPT gain metric to account the DL/UL resource differences between the different SBFD frame configurations

[bookmark: _Ref140579113]SBFD System-level simulation results for Deployment Case 1

[bookmark: _Ref140229810]FR1 Urban Macro scenario
Simulation results for SBFD deployment case 1 (single operator) UMa scenario are presented in the following based on the agreements up to RAN1#113 meeting. Table 1 below summarizes some of the key assumptions and parameter combinations applied in the simulations, while the remaining assumptions can be found in Appendix A.

[bookmark: _Ref140226563]Table 1: Parameter combinations assumed for FR1 UMa system-level performance evaluation
	Parameter
	Value
	Comments

	TDD/SBFD frame structure
	Alt-2 TDD DDDSU vs SBFD XXXXU
	High-priority cases agreed in RAN1. Alt-4 has same ratio of UL:DL resources as TDD, while Alt-2 has twice the amount of UL resources as in TDD (and 20% less DL resources)

	
	Alt-4 TDD DDDSU vs SBFD XXXXX
	

	FTP3 packet size
	Small 1: 4Kbytes for DL and 1Kbyte for UL
	High-priority cases agreed in RAN1

	
	Large: 0.5Mbyte for DL and 0.125 Mbyte for UL
	

	Inter-sector isolation
	Realistic: 75 dB isolation
	Understand the impact of inter-sector isolation, and real-life performance 

	
	Optimistic: 93 dB isolation
	

	SBFD antenna size
	Same gain as TDD (Twice area&same TxRUs)
	Including similar-size case for fair comparison between TDD and SBFD 

	
	Similar size as TDD (Same area&half TxRUs)
	

	BS in-channel selectivity (ICS)
	Option 1: 62 dB
	Understanding the benefit of tightening BS ICS requirements

	
	Option 2: 46 dB
	

	Max UE Tx power in TDD baseline
	Option 1: 23 dBm (default)
	Understanding the benefits of alternative ways of improving TDD coverage with much lower complexity than SBFD.

	
	Option 2: 26 dBm 
(UE PC2 with UL duty cycle is less than 50%)
	



In TS38.101-1, for TDD UE, there are limitations of UL TX power with respect to the maximum UL duty cycle. For example, for the UE supporting PC2 or PC1.5, the maximum TX power is limited by 3dB when the UL duty cycle is larger than 50%. Also, for a UE supporting powerBoostPi2BPSK and PC3, the UE can boost 3dB when UL duty cycle is less than 40%. 
For SBFD, for PC2 and PC1.5 UE, maximum TX power shall be limited to 23dB due to longer transmission time. 
Because the UL coverage is one of key aspect for evaluating SBFD, it is important to see if SBFD could compensate the penalty of TX power limit. Thus, we added the simulation results of static TDD with max power of 26dBm (PC2).     

DL and UL UPT with large packet (0.5MB for DL and 0.125MB for UL) and Alt-4 (XXXXX).
In Figure 3‑1 and Figure 3‑3 we study the impact of the inter-sector isolation, SBFD antenna size and BS ICS requirement. A BS ICS of 62 dB is assumed in Figure 3‑1, where SBFD shows decent gain in the 5%- and 50%-ile UL average UPT at low load (e.g. close to 3 times cell-edge UL improvement) under the conditions of same antenna gain as in TDD (>2x size increase) and optimistic 93 dB inter-sector isolation. For medium load conditions or for realistic assumptions of inter-sector isolation or SBFD antenna, SBFD performs worse than TDD.

In DL, SBFD performs in general much worse than TDD due to the presence of strong UE-UE CLI in UMa cluster scenario. Considering UL UEs and DL UEs are placed close to each other in the same building with large coupling loss towards the serving cell (due to indoor conditions), UL coverage-limited UE(s) generally transmit over a few RBs (e.g. 4 RBs) with full 23 dBm transmit power. The resulting UE in-band emission (IBE) of the UE is very high due to the high UL transmit power-spectral densitry which causes blockage in the nearby DL UE(s) (especially if the DL signal is relatively weak due to the large coupling loss towards the serving cell). An example UE IBE for a 4-RB UL transmission with (maximum) 23 dBm transmit power is shown in Figure 3‑2. 

Finally, it is important to highlight that static TDD with PC2 UEs (up to 26 dBm Tx power) achieves 80% of the gain that SBFD provides in the 5%-ile UL UPT, without any degradation in DL performance. According to TS 38.101-1, when maximum UL duty cycle is lower than 50% (or maxUplinkDutyCycle-PC2-FR1) e.g., for TDD DDDSU, the UE may have the capability for up to 26 dBm maximum UL transmit power. This 3dB power boost shows attractive UL throughput benefits especially in terms of coverage without requiring any changes to the gNB hardware. In this regard, it is difficult to justify the suitability of SBFD for FR1 high-power UMa deployments.
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[bookmark: _Ref140223302]Figure 3‑1: FR1 UMa DL and UL UPT performance with large packet (0.5MB for DL and 0.125MB for UL) and BS ICS of 62 dB. Alt-4 (XXXXX).
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[bookmark: _Ref140505714]Figure 3‑2: Example FR1 UE in-band emissions according to the model in TS 38.101-1, Section 6.4.2.3. The UL PUSCH correspond to a 4 RB allocation with (maximum) 23 dBm transmit power. 

In Figure 3‑3, we present performance results with BS ICS of 46 dB where it is shown that the performance of SBFD is significantly degraded due to higher gNB-to-gNB CLI as compared to the case with BS ICS of 62 dB. SBFD performs static TDD with 23 dBm max transmit power in the 5%- and 50%-ile of the UL UPT at low load only (under the assumption of same antenna gain and optimistic inter-sector isolation), but does not outperform static TDD with 26 dBm max Tx power for any load condition:
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[bookmark: _Ref140223305]Figure 3‑3: FR1 UMa DL and UL UPT performance with large packet (0.5MB for DL and 0.125MB for UL) and BS ICS of 46 dB. Alt-4 (XXXXX).

Observation 2: For Deployment Case 1 FR1 UMa scenario, large packet size and SBFD Alt-4 
· For DL UPT performance, Static TDD achieves higher 5%-tile, 50%-ile and 95%-tile DL UPT than SBFD for all load levels. For the 5%-ile DL UPT, the gain of static TDD over SBFD exceeds 200% .
· For UL UPT performance, Static TDD achieves higher UPT than SBFD for most of the cases except in the 5%-ile and 50%-ile UL average UPT throughput where up to ~2.5x 5%-ile average UPT improvement is obtained under the conditions of i) low load only, ii) same antenna gain (i.e. >2x panel size), iii) optimistic (i.e. 93 dB) inter-sector analog isolation.
· Static TDD with PC2 outperforms all evaluated SBFD cases except one single case, but still achieving 80% of the gain provided by SBFD.

DL and UL UPT with large packet (0.5MB for DL and 0.125MB for UL) and Alt-2 (XXXXU).
Figure 3‑4 presents the throughput performance of static TDD and SBFD for the case where the SBFD frame structure corresponds to Alt-2 (XXXU). Having more UL resources in Alt-2 as compared to Alt-4 increase the SBFD UL UPT gains over static TDD to over 538%, 50%, 37% at the 5%/50%/95%-ile, respectively, for low load conditions, while a gain of approximately 20% is obtained at medium and high load conditions. Nevertheless, the SBFD DL performance is still significantly worse than in static TDD, where DL UPT reductions between 66%-100% (depending on the load) are observed in the 5%-ile (mainly as a consequence of UE-to-UE CLI), and ≥20% DL UPT reduction is obtained at the 50%- and 95%-ile, mainly as a consequence of the lower amount of DL resources in SBFD as compared to static TDD.
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[bookmark: _Ref142128840]Figure 3‑4: FR1 UMa DL and UL UPT performance with large packet (0.5MB for DL and 0.125MB for UL) and BS ICS of 62 dB. Alt-2 (XXXXU).



Observation 3: For Deployment Case 1 FR1 UMa scenario, large packet size and SBFD Alt-2:
· For DL UPT performance, Static TDD achieves higher 5%-tile, 50%-ile and 95%-tile DL UPT than SBFD for all load levels. For the 5%-ile DL UPT, the gain of static TDD over SBFD exceeds 200% since SBFD is significantly affected by the UE-to-UE CLI. For the 50%- and 95%-ile DL UPT, static TDD provides ≥20% higher DL UPT due to availability of more DL resources as compare to SBFD.
· For UL UPT performance, SBFD generally outperforms static TDD with 23 dBm max Tx power under the condition of optimistic (i.e. 93 dB) inter-sector analog isolation. For realistic inter-sector isolation assumption of 75 dB, SBFD performs worse than static TDD.
· Static TDD with PC2 UEs (up to 26 dBm Tx power) can provide 10% to 100% UL UPT improvement compared to baseline PC3 UEs, without any degradation in DL UPT performance.

DL and UL UPT with small packet (4K for DL and 1K for UL) and Alt-4 (XXXXX).
Figure 3‑5 shows the UL and DL average UPT with small-packet traffic assuming a BS ICS requirement of 62 dB. At low load, SBFD delivers a small gain in the 5%-ile UL UPT under the condition of same antenna gain and optimistic inter-sector isolation, while it suffers from a large degradation of 5%-ile DL UPT. The degradation of the 5%-ile DL UPT is larger than the experienced with large packets (Figure 3‑1). We suspect this is due to the UE IBE model where many UEs simultaneous transmitting with small RB allocations (in the case of small-packet traffic) generate more IBE leakage interference as compared to fewer UEs with larger RB allocation. One illustrative example is shown in Figure 3‑6 which compares the emitted IBE power per RB (over an example bandwidth of 100 RBs) of one single allocation of 8 RBs with two allocations of 4 RBs each, all with the same power spectral density. For the latter case, there is 3 dB (two times) more leakage interference generated in the network which has a negative effect on the UE DL performance.
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[bookmark: _Ref140482420]Figure 3‑5: FR1 UMa DL and UL UPT performance with small packet (4 KB for DL and 1KB for UL) and BS ICS of 62 dB.
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[bookmark: _Ref140483394]Figure 3‑6: Example of IBE leakage per RB for different traffic profiles/allocation size.

Based on these results, the following observations are made:
Observation 4: For Deployment Case 1 FR1 UMa scenario, small packet size and Alt-4:
· SBFD only provides a small 23% gain in the 5%-ile UL average UPT over TDD (up to ~2.5x 5%-ile average UPT improvement) under the conditions of i) low load only, ii) same antenna gain (i.e. >2x panel size), iii) 62 dB BS in-channel selectivity and iv) optimistic (i.e. 93 dB) inter-sector analog isolation. For remaining cases, static TDD outperforms SBFD performance.
· The 5%-ile of the SBFD DL average UPT is 80% worse than TDD due to the presence of strong UE-UE CLI. In contrast, the 50%-ile DL UPT suffers a degradation of only 10% for all load conditions, while the 95%-ile DL UPT improves by 5% as compared to static TDD.

Proposals and draft TPs for FR1 Urban Macro scenario
We only have agreed on the summary of the observation for FR1 InH scenario, and we are also discussing about initial proposals by the moderator about the other scenarios. Moderator initially identify the scenario to be captured in the section 7.3 based on the principles suggested by the moderator, i.e. capture the So far, there has not been any agreement regarding the SBFD performance for the FR1 Urban Macro scenario. As the first step, we think it is important to clarify the different sub-cases in FR1 Urban Macro scenario for which the performance and corresponding conclusions should be analyzed separately. Based on the principles suggested by the moderator, only the scenarios with at least 3 results by the proponents are captured in the section 7.3. 
However, looking at the submitted results and the initial proposal, the large majority (all but three companies) are only submitting results for the SBFD antenna assumption “Twice area&same TxRUs (Option 2)”, but disregarding the case with “Same area&half TxRUs (Option 3)”. The antenna size is one of key considerations in the practical deployments, and there are big limitations in installing a larger RU on the roof-top or towers. We have at least one sub-case of sub#12 having two company results with based on option 3.   
Thus, we propose to include the summary of Sub#12 to provide the evaluation results for option 3. 







Proposal 1 For the performance of SBFD in FR1 Urban Macro scenario, capture the results of SBFD#1_UMA_FR1_Sub#12 in the section 7.3, as below. 

	7.3.1.1.2.x	SBFD#1_UMA_FR1_Sub#12
For sub-case SBFD#1_UMA_FR1_Sub#12, assuming RSI based on 1dB desense, no less than 93dB for spatial isolation and digital isolation for co-site inter-sector CLI, SBFD slot configuration Alt-4 ({DDDSU} vs. {XXXXX}), Same area & half TxRUs (Option 3), Packet Size with 0.5Mbytes for DL and 0.125Mbyte for UL, key findings are summarized below:
-	Traffic load with {DL,UL} = {Low, Low}:
-	DL performance comparison between SBFD and legacy TDD:
-	Regarding mean value of DL average-UPT CDF, 2 sources ([Ericsson], [Nokia]) reported a degradation in the range of {-8.81%~-31.16%} for SBFD
-	Regarding 5%-tile of DL average-UPT CDF, 2 sources ([Ericsson], [Nokia]) reported a degradation in the range of {-18.31%~-85.51%} for SBFD
-	UL performance comparison between SBFD and legacy TDD:
-	Regarding mean value of UL average-UPT CDF, 2 sources ([Ericsson], [Nokia]) reported a degradation in the range of {-6.28%~-27.41%} for SBFD
-	Regarding 5%-tile of UL average-UPT CDF, one source ([Ericsson]) reported an improvement of 51.92% for SBFD, and one source ([Nokia]) reported a degradation in the range of {-25.96%~-48.99%} for SBFD
-	Traffic load with {DL,UL} = {Medium, Medium}:
-	DL performance comparison between SBFD and legacy TDD:
-	Regarding mean value of DL average-UPT CDF, 2 sources ([Ericsson], [Nokia]) reported a degradation in the range of {-24.41%~-43.67%} for SBFD
-	Regarding 5%-tile of DL average-UPT CDF, 2 sources ([Ericsson], [Nokia]) reported a degradation in the range of {-49.15%~-96.20%} for SBFD
-	UL performance comparison between SBFD and legacy TDD:
-	Regarding mean value of UL average-UPT CDF, 2 sources ([Ericsson], [Nokia]) reported a degradation in the range of {-58.90%~-70.77%} for SBFD
-	Regarding 5%-tile of UL average-UPT CDF, 2 sources ([Ericsson], [Nokia]) reported a degradation in the range of {-65.90%~-94.19%} for SBFD
-	Traffic load with {DL,UL} = {High, High}:
-	DL performance comparison between SBFD and legacy TDD:
-	Regarding mean value of DL average-UPT CDF, 2 sources ([Ericsson], [Nokia]) reported a degradation in the range of {-44.06%~-46.73%} for SBFD
-	Regarding 5%-tile of DL average-UPT CDF, 2 sources ([Ericsson], [Nokia]) reported a degradation in the range of {-75.30%~-99.77%} for SBFD
-	UL performance comparison between SBFD and legacy TDD:
-	Regarding mean value of UL average-UPT CDF, 2 sources ([Ericsson], [Nokia]) reported a degradation in the range of {-88.32%~-92.76%} for SBFD
-	Regarding 5%-tile of UL average-UPT CDF, 2 sources ([Ericsson], [Nokia]) reported a degradation in the range of {-93.21%~-100.00%} for SBFD



Proposal 2 For the performance of SBFD in FR1 Urban Macro scenario, capture the following summary of the observation for SBFD antenna configuration Option 3 in addition to the moderator initial proposal. 

	7.3.1.1.2.9	Summary of the observations
For Urban Macro (FR1) in SBFD deployment case 1, if the total capability of spatial isolation and digital isolation for co-site inter-sector CLI is no less than 93 dB, and SBFD antenna configuration Option 2(Twice area&same TxRUs) is assumed :
-	In case of using SBFD Alt 4 and large packet size, 
-	semi-static SBFD has higher mean and 5% UL Average-UPT than legacy TDD for low load level, and higher or lower mean and 5% UL Average-UPT than legacy TDD for medium and high load level, 
-	and semi-static SBFD has lower mean and 5% DL Average-UPT than legacy TDD for all load levels. 
-	In case of using SBFD Alt 4 and small packet size, 
-	semi-static SBFD has higher mean and 5% UL Average-UPT than legacy TDD for low and medium load levels, and higher or lower mean and 5% UL Average-UPT than legacy TDD for high load level, 
-	and semi-static SBFD has higher or lower mean and 5% DL Average-UPT than legacy TDD for low and medium load levels, and lower mean and 5% DL Average-UPT than legacy TDD for high load level. 
-	In case of using SBFD Alt 2 and large or small packet size, 
-	semi-static SBFD achieves significantly higher mean and 5% UL Average-UPT than legacy TDD for all load levels, 
-	and semi-static SBFD has lower mean and 5% DL Average-UPT than legacy TDD for all load levels. 
-	Compared to semi-static SBFD Alt4, semi-static SBFD Alt2 achieves more mean and 5% UL Average-UPT gains but more mean and 5% DL Average-UPT losses, for both large packet size and small packet size.
For Urban Macro (FR1) in SBFD deployment case 1, if the total capability of spatial isolation and digital isolation for co-site inter-sector CLI is no less than 93 dB, and SBFD antenna configuration Option 3(Same area&half TxRUs) is assumed :
-	In case of using SBFD Alt 4 and larger packet size,
-	semi-static SBFD achieves significantly lower mean and 5% UL Average-UPT than legacy TDD for all load levels, 
-	and semi-static SBFD has lower mean and 5% DL Average-UPT than legacy TDD for all load levels.
- compared to SBFD antenna configuration option 2, higher performance reduction in both DL and UL is observed with SBFD antenna configuration option 3. 




Similarly, for the inter-sector isolation, though we have captured results for both option 1(no less than 93dB) and option 2(less than 93dB), the summary of the observation only captures the option 1 (Sub-case #1-4). Thus, we propose to include the summary of the observation for option 2 (Sub-case #5-8).
Proposal 3 For the performance of SBFD in FR1 Urban Macro scenario, capture the corresponding summary of the observation for inter-sector isolation option 2.

	7.3.1.1.2.9	Summary of the observations
For Urban Macro (FR1) in SBFD deployment case 1, if the total capability of spatial isolation and digital isolation for co-site inter-sector CLI is less than 93 dB and SBFD antenna configuration Option 2(Twice area&same TxRUs) is assumed:
-	In case of using SBFD Alt 4 and large or small packet size, 
-	semi-static SBFD has higher or lower mean and 5% UL Average-UPT than legacy TDD for all load levels, 
-	and semi-static SBFD has lower mean and 5% DL Average-UPT than legacy TDD for all load levels. 
-	In case of using SBFD Alt 2 and small packet size, 
-	semi-static SBFD achieves significantly higher mean UL Average-UPT than legacy TDD for all load levels, and higher or lower 5% UL Average-UPT than legacy TDD for all load levels, 
-	and semi-static SBFD has lower mean and 5% DL Average-UPT than legacy TDD for all load levels. 
-	In case of using SBFD Alt 2 and large packet size, 
-	semi-static SBFD achieves higher or lower mean and 5% UL Average-UPT than legacy TDD for all load levels, 
-	and semi-static SBFD has lower mean and 5% DL Average-UPT than legacy TDD for all load levels. 



Finally, we think it is important to highlight the benefits of coverage-improvement techniques already possible in the current standard such as the use of PC2 UEs with possibility of up to 3 dB transmit power boost in case the TDD duty cycle is below 40%:
Proposal 4 Capture the following observations of the UL UPT improvement with PC2 UEs when maximum UL duty cycle is lower than 50%, e.g., for legacy TDD DDDSU:

	7.3.1.1.2.9	Summary of the observations

For Urban Macro (FR1) in SBFD deployment case 1, 
For UE supporting PC2/PC1.5 or powerBoostPi2BPSK , SBFD UE should apply 3dB TX power reduction than legacy TDD when maximum UL duty cycle is larger than 50% or 40%, respectively. 

-	In case of using SBFD Alt 4 and large packet size, semis-static SBFD achieves lower mean and 5% DL and UL Average-UPT than legacy TDD with PC2 UE for all load levels. 
- static TDD with PC2 UEs (up to 26 dBm Tx power) can provide between 15% to 20% mean UL Average-UPT improvement, and between 130% to 60% 5%-ile UL Average-UPT improvement compared to baseline PC3 UEs depending on the load conditions, without any degradation in DL UPT performance. 



FR1 Dense Urban Scenario 
Simulation results for SBFD deployment case 1 (single-operator) Dense Urban scenario are presented in the following based on the agreements up to RAN1#113 meeting. Table 2 below summarizes some of the key assumptions and parameter combinations applied in the simulations, while the remaining assumptions can be found in Appendix B.

[bookmark: _Ref140229589]Table 2: Parameter combinations assumed for FR1 Dense Urban system-level performance evaluation
	Parameter
	Value
	Comments

	TDD/SBFD frame structure
	Alt-2 TDD DDDSU vs SBFD XXXXU
	High-priority cases agreed in RAN1. Alt-4 has same ratio of UL:DL resources as TDD, while Alt-2 has twice the amount of UL resources as in TDD (and 20% less DL resources)

	
	Alt-4 TDD DDDSU vs SBFD XXXXX
	

	FTP3 packet size
	Small 1: 4Kbytes for DL and 1Kbyte for UL
	High-priority cases agreed in RAN1

	
	Large: 0.5Mbyte for DL and 0.125 Mbyte for UL
	

	Inter-sector isolation
	Realistic: 75 dB isolation
	Understand the impact of inter-sector isolation, and real-life performance 

	
	Optimistic: 93 dB isolation
	

	SBFD antenna size
	Same gain as TDD (Twice area&same TxRUs)
	Including similar-size case for fair comparison between TDD and SBFD 

	
	Similar size as TDD (Same area&half TxRUs)
	

	BS in-channel selectivity (ICS)
	Option 1: 62 dB
	Understanding the benefit of tightening BS ICS requirements

	
	Option 2: 46 dB
	





DL and UL UPT with large packet (0.5MB for DL and 0.125MB for UL) and Alt-4 (XXXXX).
Figure 3‑7 shows the UL and DL average UPT assuming a BS ICS requirement of 62 dB. In FR1 Dense Urban scenario, SBFD provides a very attractive UL performance improvement of up to 5x at the 5%-ile UL average UPT at low load. Contrary to the UMa scenario in Section 3.1, the lower (44 dBm) DL transmit power and higher UL received power (due to lower ISD) reduces the sensitivity of the UL performance to the self-interference as well as gNB-to-gNB CLI. For medium/high load conditions, cases with optimistic inter-sector isolation still provide gains over static TDD, while cases with realistic inter-sector isolation show some degradation.
In DL, with same antenna gain, DL performance is quite on par with static TDD except for medium/high load case where effects of UE-UE CLI are observed at the 5%-ile DL UPT. 

Figure 3‑8 shows the UL and DL average UPT assuming the existing BS ICS requirement of 46 dB. Comparing with the previous results, the 46 dB ICS requirement results in a small degradation of ~10% in UL throughput (at both 5%- and 50%-ile) as compared to the tighter 62 dB requirement. Nevertheless, UL throughput gains of SBFD over TDD are still quite significant.
Observation 5: For Deployment Case 1 FR1 Dense Urban scenario and large packet size:
· SBFD provides a 5%-ile UL average UPT improvement between 3x and 5x at low load, depending on the assumption of antenna gain and inter-sector isolation. In the 50%-ile UL average UPT, 20% improvement at low load is obtained under the assumption of same antenna gain and optimistic (93 dB) inter-sector isolation, while remaining cases offer same or slightly worse performance than TDD.
· For medium load, cases with optimistic (93 dB) inter-sector isolation outperform TDD in the 5%-ile UL average UPT, while cases with realistic (75 dB) inter-sector isolation provide same or worse performance as TDD. 
· In DL, there is a 25% reduction in the 5%-ile DL average UPT in case the SBFD gNB antenna size is kept similar as in static TDD (i.e. resulting in lower antenna gain) for all the load conditions. For medium and high load, additional 5%-ile DL average UPT degradation is obtained due to the presence of UE-UE CLI. 
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[bookmark: _Ref140230045]Figure 3‑7: FR1 Dense Urban DL and UL UPT performance with large packet (0.5MB for DL and 0.125MB for UL) and BS ICS of 62 dB.
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Figure 3‑8: FR1 Dense Urban DL and UL UPT performance with large packet (0.5MB for DL and 0.125MB for UL) and BS ICS of 46 dB.


DL and UL UPT with small packet (4KB for DL and 1KB for UL) and Alt-4 (XXXXX).
Figure 3‑9 shows the UL and DL average UPT with small-packet traffic assuming a BS ICS requirement of 62 dB. At low load, SBFD allows to deliver the payloads faster in both UL and DL direction which translates into a throughput gain. Specifically, under the condition of same antenna gain and optimistic inter-sector isolation, SBFD doubles the 5%-ile UL average UPT as compared to TDD, while only a 20% improvement is obtained with same antenna size and realistic inter-sector isolation. 
In DL, there is a small throughput improvement at low load in all the percentiles, while the effects of UE-UE CLI significantly affect the 5%-ile DL UPT at both medium and high-load. Similarly as for the FR1 UMa case, the UE IBE become larger in case of multiple UEs with UL PUSCH transmissions occupying a few RBs, as compared to the case with larger packets where only one or very few UEs transmit at the same with UL transmissions occupying larger bandwidth.[image: ]
Figure 3‑9: FR1 Dense Urban DL and UL UPT performance with small packet (4KB for DL and 1KB for UL) and BS ICS of 62 dB.

Observation 6: For Deployment Case 1 FR1 Dense Urban scenario and large packet size:
· For low load, SBFD provides gains over TDD in both DL and UL 5%/50%/95%-ile UPT. In UL, the obtained gains are generally larger (between 20% to 100%) than in DL. The UL gain comes from allowing the small packets to be transmitted faster to the gNB compared to TDD DDDSU.
· In DL, for medium and high load conditions, SBFD performs worse than TDD in the 5%-ile DL UPT due to the presence of strong UE-UE CLI. In the 50%-ile, SBFD performs 5% to 10% worse than TDD, while it performs 5% better than TDD in the 95%-ile DL UPT.


FR1 Indoor Office Scenario 

Simulation results for Deployment Case 1 FR1 Indoor office scenario are presented in this section. Table 3 below summarizes some of the key assumptions and parameter combinations applied in the simulations, while the remaining assumptions can be found in Appendix C.

[bookmark: _Ref140233288]Table 3: Parameter combinations assumed for FR1 Indoor Office system-level performance evaluation.
	Parameter
	Value
	Comments

	TDD/SBFD frame structure
	Alt-2 TDD DDDSU vs SBFD XXXXU
	High-priority cases agreed in RAN1. Alt-4 has same ratio of UL:DL resources as TDD, while Alt-2 has twice the amount of UL resources as in TDD (and 20% less DL resources)

	
	Alt-4 TDD DDDSU vs SBFD XXXXX
	

	Other evaluated schemes:
	Dynamic TDD with candidate candidates radio frames {DSUUU, DDSUU, DDDSU, DDDDS}
	Understanding the benefits of alternative ways of improving TDD latency with much lower complexity than SBFD.

	
	Static TDD with DSUSU frame structure
	

	FTP3 packet size
	Small 1: 4Kbytes for DL and 1Kbyte for UL
	High-priority cases agreed in RAN1

	
	Large: 0.5Mbyte for DL and 0.125 Mbyte for UL
	



DL and UL UPT with large packet (0.5MB for DL and 0.125MB for UL), Alt-2 (XXXXU) and Alt-4 (XXXXX)
As observed in Figure 3‑10, for large payload transfers, SBFD does not perform very different to static TDD since the UL/DL ratio is the same between SBFD and static TDD. However, dynamic TDD performs much better, especially in UL, as it allows to switch to UL-heavy configurations e.g. DSUUU when needed. Alt-2 with XXXXU allows to deliver payloads faster in UL, but still does not perform as well as dynamic TDD especially in the DL direction. Due to the low UE and gNB transmit power, no problem with self-interference, UE-UE or gNB-gNB CLI has been observed for SBFD.
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[bookmark: _Ref140494563]Figure 3‑10: FR1 Indoor Office DL and UL UPT performance with large packet (0.5MB for DL and 0.125MB for UL) and BS ICS of 46 dB.
Observation 7: For Deployment Case 1 FR1 Indoor Office scenario and large packet size:
· SBFD XXXXX and static TDD DDDSU provide almost identical UL and DL performance. 
· SBFD XXXXU provides 50% to 70% UL UPT improvement at the expense of a DL UPT degradation of approximately 20% at low and medium load, and up to 70% in the 5%-ile DL average UPT at high loads.
· For low and medium loads, dynamic TDD provides a UL UPT gain between 100% to 150% as compared static TDD and SBFD XXXXX, and up to 65% gain over SBFD XXXXU. Contrary to SBFD XXXXU, dynamic TDD does not come at the expense of significantly worse DL average UPT performance. 

DL and UL UPT with small packet (4K for DL and 1K for UL), Alt-2 (XXXXU) and Alt-4 (XXXXX)
For small payload transfers (Figure 3‑11), SBFD provides approximately 50% higher UL 5%/50%/95%-ile UL UPT performance compared to static TDD. The UL gains are a result of the lower UL latency in SBFD as it allows UL transmission in every slot. Contrary to the case with large packet traffic (Figure 3‑10), SBFD XXXXU do not provide any attractive benefits over XXXXX since the small payloads do not generally need transmission over the full band. We also show the case with TDD DSUSU which achieves close to half of the UL UPT gain that SBFD achieves. Nevertheless, it provides lower DL capacity which is mainly visible when pushing the network to very high load conditions.
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[bookmark: _Ref140494583]Figure 3‑11: FR1 Indoor Office DL and UL UPT performance with small packet (4KB for DL and 1KB for UL) and BS ICS of 46 dB.

Observation 8: For Deployment Case 1 FR1 Indoor Office scenario and small packet size:
· SBFD XXXXX and XXXXU provides approximately 50% higher UL 5%/50%/95%-ile UL UPT performance compared to static TDD. 
· SBFD XXXXX provides also a small 3% to 10% DL UPT gain over static TDD, while SBFD XXXXU performs worse than static TDD in DL in most of the cases. 
· Static TDD with DSUSU frame structure provides 25%-35% UL UPT improvement over static TDD with DDDSU for all the percentiles and offered load conditions. In DL, Static TDD with DSUSU performs 2-5% worse than DDDSU at low load, while larger degradation (5-25%) is obtained at medium load. 

Proposals and draft TPs for FR1 Indoor Office scenario
The simulation results for FR1 Indoor Office scenario deployment-case 1 were extensively discussed during RAN1#113, and the following conclusion for the TR 38.358 was agreed:
	Agreement
The following is agreed in principle with possibility for revision if necessary.
· Capture the following in TR38.858 section 7.3.1 as summary of observations for indoor scenario (FR1) in SBFD deployment case 1:
For indoor scenario (FR1) in SBFD deployment case 1, in case of using SBFD Alt 4 and large packet size, semi-static SBFD achieves higher mean and 5% UL Average-UPT than legacy TDD for all load levels, where the gain at least comes from more UL transmission opportunities for semi-static SBFD compared to legacy TDD, and semi-static SBFD has higher or lower mean and 5% DL Average-UPT than legacy TDD for all load levels, where the gain at least comes from the more DL transmission opportunities for semi-static SBFD compared to legacy TDD. In case of using SBFD Alt 4 and small packet size, semi-static SBFD achieves significantly higher mean and 5% UL Average-UPT than legacy TDD for all load levels, where the gain at least comes from more UL transmission opportunities for semi-static SBFD compared to legacy TDD, and semi-static SBFD achieves higher mean and 5% DL Average-UPT than legacy TDD for all load levels, where the gain at least comes from more DL transmission opportunities for semi-static SBFD compared to legacy TDD. In case of using SBFD Alt 2 and large or small packet size, semi-static SBFD achieves significantly higher mean and 5% UL Average-UPT than legacy TDD for all load levels, where the gain at least comes from more UL resources and more UL transmission opportunities for semi-static SBFD compared to legacy TDD, and semi-static SBFD has lower mean and 5% DL Average-UPT than legacy TDD, where the loss for SBFD at least comes from less DL resources for semi-static SBFD compared to legacy TDD. Compared to semi-static SBFD with (Alt4), semi-static SBFD with (Alt2) achieves more mean and 5% UL Average-UPT gains but more mean and 5% DL Average-UPT losses, for both large packet size and small packet size.



Overall, the agreed conclusion is well aligned with our SBFD performance results shown in the previous section. Nevertheless, we think it is important to also capture the performance that can be achieved with other alternative schemes as well, particularly dynamic TDD which was shown in Figure 3‑10 to provide significant gain over static TDD and SBFD. Looking at latest available results for dynamic TDD, the following is proposed:

Proposal 5 For FR1 indoor office scenario, capture the following results and conclusion in TR 38.858 regarding the performance of dynamic TDD schemes:

Table-Y: Summary of results for dynamic TDD vs SBFD performance for sub-case SBFD#1_InH_FR1_Sub#2.
	For SBFD: RSI based on 1dB desense, SBFD Alt-4, Twice area&same TxRUs (Option 2), DL: 0.5Mbytes, UL: 0.125Mbyte

	 
	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 (baseline)
	SBFD Gain /Increase
	Dynamic TDD Gain /Increase
	TDD (baseline)
	 SBFD Gain /Increase
	Dynamic TDD Gain /Increase
	TDD (baseline)
	SBFD Gain /Increase
	Dynamic TDD Gain /Increase

	DL Average-UPT (Mbps)
	Mean
	Nokia: 608.80,
	Nokia: 1.55%,
	Nokia:   -10.64%,
	Nokia: 509.21,
	Nokia: 1.27%,
	Nokia:   -1.50%,
	Nokia: 331.66,
	Nokia: 4.53%,
	Nokia: 17.65%,

	
	
	Ericsson: 537.51
	Ericsson: -1.83%, 
	Ericsson: -0.68%, 
	Ericsson: 391.24, 
	Ericsson: -3.54%,
	Ericsson: -2.16%, 
	Ericsson: 218.25, 
	Ericsson: -11.49%
	Ericsson: -3.18%, 

	UL Average-UPT (Mbps)
	Mean
	Nokia: 96.77, 
	Nokia: -5.36%
	Nokia: 132.14%,
	Nokia: 87.33, 
	Nokia: -4.83%
	Nokia: 111.48%,
	Nokia: 67.2
	Nokia: -4.32%
	Nokia: 53.46%,

	
	
	Ericsson: 70.67
	Ericsson: 11.16%,
	Ericsson: 140.10%, 
	Ericsson: 52.10
	Ericsson: 7.18%,
	Ericsson: 98.41%, 
	Ericsson: 30.37
	Ericsson: 4.65%
	Ericsson: 66.11% 



	Proposed conclusion for TR 38.858 on dynamic TDD performance in FR1 Indoor Office Scenario: 
For indoor scenario (FR1) in SBFD deployment case 1 with large packet size, two sources indicate that dynamic TDD schemes, where the TDD frame structure can be dynamically selected among two or more of the following options {DSUUU, DDSUU, DDDSU, DDDDS}, achieve higher mean UL Average-UPT than static TDD for all load levels with a gain ranging between {130%..140%} and {53%..63%} at low and high load conditions, respectively. The same sources indicate that SBFD Alt 4 achieves a UL Average-UPT of {-5%..10%} relative to static TDD. The gain of dynamic TDD comes from the ability to momentarily switch to UL-heavy TDD configurations (with significantly more UL resources than the considered SBFD alternatives), e.g. DSUUU, to speed up the transmission of UL packets.
For the DL Average-UPT, the two sources indicate higher or lower mean DL Average-UPT than static TDD in the range {-10%..15%}. The same sources indicate that SBFD Alt 4 achieves higher or lower mean DL Average-UPT of {-1%..11%} relative to static TDD. Modest performance differences between static TDD and SBFD Alt 4 are due to very similar DL/UL resource ratio. Some improvement of SBFD Alt 4 versus static TDD is due to the always available DL resources in every SBFD slot.


FR2-1 Indoor Office Scenario 
Simulation results for SBFD deployment case 1 (single-operator) FR2-1 Indoor Office scenario are presented in the following based on the agreements up to RAN1#113 meeting. For this scenario, we only study Alt-4 (TDD DDDSU and SBFD XXXXX), together with cases with small and large packet sizes. Detailed simulation assumptions are found in Appendix D.
DL and UL UPT with large packet (0.5MB for DL and 0.125MB for UL), Alt-4 (XXXXX)
Figure 3‑12 shows the UL and DL UPT performance for large packet sizes in the FR2-1 Indoor office scenario. In UL, SBFD provides an improvement of 35%, 22% and 4% in the 5%-ile UL UPT at low, medium, and high load respectively, while the performance is very similar to TDD in the 50%- and 95%-ile UL UPT (between 6% and -9% difference). In DL, SBFD outperforms static TDD in all the percentiles and load conditions with a small margin between 2-5%. Similar as for the FR1 Indoor office case, no problem with self-interference, UE-UE or gNB-gNB CLI has been observed for SBFD.
[image: ]
[bookmark: _Ref140498227]Figure 3‑12: FR2 Indoor Office DL and UL UPT performance with large packet (0.5MB for DL and 0.125MB for UL).
Observation 9: For Deployment Case 1 FR2 Indoor Office scenario and large packet size:
· SBFD XXXXX provides an improvement of 35%, 22% and 4% in the 5%-ile UL UPT at low, medium, and high load respectively. 
· SBFD XXXXX and TDD DDDSU perform very similar in the 50%- and 95%-ile UL UPT (between 6% and -9% difference).
· In terms of DL UPT, SBFD outperforms static TDD in all the percentiles and load conditions by a small margin between 2-5%.

DL and UL UPT with small packet (4K for DL and 1K for UL), Alt-4 (XXXXX)
As shown in Figure 3‑13, for small packet cases, SBFD offers up to 50% UL throughput improvement for all load conditions. This significant gain comes from being able to transmit the small UL payloads in any slot, instead of only UL slots as in TDD. In the DL direction, SBFD outperforms static TDD most of the time by a small margin of around 5%.
[image: ]
[bookmark: _Ref140501596]Figure 3‑13: FR2 Indoor Office DL and UL UPT performance with small packet (4 KB for DL and 1KB for UL).

Observation 10: For Deployment Case 1 FR2 Indoor Office scenario and small packet size:
· SBFD offers up to 50% UL throughput improvement for all load conditions. 
· In the DL direction, SBFD outperforms static TDD most of the time by a small margin of around 5%.

FR2-1 Dense Urban Scenario 

Simulation results for SBFD deployment case 1 (single-operator) FR2-1 Indoor Office scenario are presented in the following based on the agreements up to RAN1#113 meeting. For this scenario, we only study Alt-4 (TDD DDDSU and SBFD XXXXX), together with cases with small and large packet sizes and realistic (88 dB) vs optimistic (98 dB) of inter-sector isolation. Detailed simulation assumptions are found in Appendix D.

	TDD/SBFD frame structure
	Alt-2 TDD DDDSU vs SBFD XXXXU
	High-priority cases agreed in RAN1. Alt-4 has same ratio of UL:DL resources as TDD, while Alt-2 has twice the amount of UL resources as in TDD (and 20% less DL resources)

	
	Alt-4 TDD DDDSU vs SBFD XXXXX
	

	FTP3 packet size
	Small 1: 4Kbytes for DL and 1Kbyte for UL
	High-priority cases agreed in RAN1

	
	Large: 0.5Mbyte for DL and 0.125 Mbyte for UL
	

	Inter-sector isolation
	Realistic: 88 dB isolation
	Understand the impact of inter-sector isolation, and real-life performance 

	
	Optimistic: 98 dB isolation
	


DL and UL UPT with large packet (0.5MB for DL and 0.125MB for UL), Alt-4 (XXXXX)
Figure 3‑14 shows the UL and DL UPT performance for large packet sizes in the FR2-1 Dense Urban scenario. For the UL 5%-ile UPT and with optimistic assumption of inter-sector isolation (98 dB), SBFD provides an attractive improvement between 400% to 600% for any load conditions over static TDD. For realistic inter-sector isolation assumption (88 dB), attractive ~320% gain in the 5%-ile UPT is obtained at low and medium load, while a 30% degradation is obtained at high load. For the 50%- and 95%-ile of the UPT, SBFD provides up to 25% gain over static TDD at low load (for both cases of inter-sector isolation), while little to no gain is obtained at medium and high load conditions.
In the DL, SBFD outperforms static TDD in the 50%-ile and 95%-ile DL UPT for any load conditions by a small margin of up to 5%. For the 5%-ile UPT, a small gain of ~3% is obtained at low load while a degradation of up to 17% is obtained for high load conditions presumably due to the presence of UE-to-UE CLI.
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[bookmark: _Ref142331328]Figure 3‑14: FR2 Dense Urban DL and UL UPT performance with large packet (0.5MB for DL and 0.125MB for UL).
Observation 11: For Deployment Case 1 FR2 Dense Urban scenario and large packet size:
· SBFD provides a 5%-ile UL average UPT improvement between 400% to 600% for any load conditions over static TDD in case of 98 dB (optimistic) inter-sector isolation assumption. For realistic inter-sector isolation assumption (88 dB), ~320% gain in the 5%-ile UPT is obtained at low and medium load, while a 30% degradation is obtained at high load.
· For the 50%- and 95%-ile of the UL UPT, SBFD provides up to 25% gain over static TDD at low load (for both cases of inter-sector isolation), while little to no gain is obtained at medium and high load conditions.
· In DL, SBFD generally outperforms static TDD by a small margin of up to 5%, except in the 5%-ile DL UPT, where a small degradation of up to 17% is obtained at medium and high load conditions.
DL and UL UPT with small packet (4K for DL and 1K for UL), Alt-4 (XXXXX)
Figure 3‑15 shows the UL and DL UPT performance for small packet sizes in the FR2-1 Dense Urban scenario. Overall, the trends are very similar to the case with large packet sizes in Figure 3‑14 with generally good gains of SBFD in terms of UL UPT performance, especially at the 5%-ile where 200% and 4100% (close to infinite gain) is observed at low and medium load respectively, while some decent improvement is also obtained at the 50%- and 95%-ile, except for the combination of realistic inter-sector isolation and high load conditions where static TDD performs better than SBFD. For the DL UPT, SBFD generally outperforms static TDD by a small ~5% margin except in the 5%-ile DL UPT at high load conditions where ~11% throughput degradation is observed.
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[bookmark: _Ref142332653]Figure 3‑15: FR2 Dense Urban DL and UL UPT performance with small packet (4 KB for DL and 1KB for UL).

Observation 12: For Deployment Case 1 FR2 Dense Urban scenario and small packet size:
· SBFD provides a 5%-ile UL average UPT improvement between 200% and 4100% (close to infinite gain) at low and medium load, respectively. 
· For the 50%- and 95%-ile UL UPT, SBFD provides gain (up to 60%) at low load conditions for both 88 dB and 98 dB of inter-sector isolation cases, while the case with 88 dB of inter-sector isolation performs worse than TDD at medium and high load conditions.
· In DL, SBFD generally outperforms static TDD by a small margin of up to 5%, except in the 5%-ile DL UPT, where a small degradation of up to 11% is obtained at high load conditions.




System-level simulation results for Dynamic SBFD

Dynamic SBFD is being discussed under RAN1 agenda item 9.3.2 from specification-impact perspective. The discussion is still very open as there is still no strong evidence on the performance benefits of dynamic SBFD over semi-static SBFD schemes (which were evaluated in Section 3). To help address this, this section presents performance results of dynamic SBFD in an FR1 indoor office scenario and compares it with the performance obtained with static TDD DDDSU (baseline), semi-static SBFD XXXXX, and dynamic TDD.

The following was agreed in RAN1 #112:
	Agreement: 
For dynamic SBFD,
For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon based on the following options:
Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed
Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in the symbol configured as flexible in TDD-UL-DL-ConfigCommon based on the following options:
Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
UL transmissions outside the semi-statically configured UL subbands are not allowed
Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed
UL transmissions outside the semi-statically configured UL subbands are allowed
Dynamic SBFD should be compared with dynamic TDD and/or semi-static SBFD in terms of performance, implementation complexity, switching latency.
For each option, additional conditions may apply to determine whether the option is applicable.




Dynamic SBFD performance with Option 2
Based on the agreement above, we study the performance for dynamic SBFD for the case where ‘DL receptions outside semi-statically configured DL subband(s) are allowed and UL transmissions outside the semi-statically configured UL subbands are not allowed’, i.e., Option 2 in the agreement above. Specifically, the evaluated dynamic SBFD scheme relies on the following logic: 
· ‘XXXXU’ is assumed as the baseline SBFD frame structure. 
· Prior to the start of each SBFD ‘X’ slot, in the absence of UL traffic and presence of DL traffic, the RB configuration for the upcoming slot is configured as DL-only (XàD). 
· Otherwise, ‘X’ corresponds to a SBFD slot with <ND, NU, NG >=<104, 55, 5>; the UL/DL ratio in SBFD slot is fixed regardless of the traffic volume. 

Note that the decision on the slot type is done dynamically on a slot basis. For simplicity, we don’t assume any guard symbol in the transitions from DL symbol to UL symbols (neither for the transition between D-only slot to SBFD slot or between D or X slot to UL slot). From interference modeling perspective, both the inter-subband CLI from non-overlapping resources and the intra-subband CLI from overlapping resources are modeled in the simulator for both implementations. 

Figure 4‑1 shows UL and DL average-UPT statistics for different schemes including TDD, semi-static SBFD and dynamic TDD and SBFD schemes. Comparing semi-static SBFD XXXXX with dynamic SBFD, in UL we see identical performance to semi-static SBFD XXXXU and over 70% improvement over semi-static SBFD XXXXX and static TDD DDDSU. In DL, the benefits of dynamic SBFD come to light as it provides over 35% improvement compared to semi-static SBFD with XXXXU and 8% gain over semi-static XXXXX. In other words, this second implementation allows to significantly improve the UL performance to the same level as XXXXU without any penalty in DL performance. When comparing dynamic SBFD and dynamic TDD schemes, the latter outperforms dynamic SBFD in the UL UPT performance since dynamic TDD can select UL-heavy TDD configurations (e.g. DSUUU), while dynamic SBFD is limited to one full UL slot and 4-partial slots (with ~20% of UL RBs) per 5-slot frame. In DL, dynamic SBFD offers some improvement over dynamic TDD presumably because the former does the slot-type decision on a slot basis while the latter does the decision on a 5-slot frame basis.
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[bookmark: _Ref140670362][bookmark: _Ref140670359]Figure 4‑1: FR1 Indoor Office DL and UL UPT performance with dynamic SBFD and other duplexing schemes. Large packet is assumed (0.5MB for DL and 0.125MB for UL). 

Observation 13: Adopting dynamic SBFD with Option 2 provides the following performance in Indoor Office FR1 scenario:
· For the UL UPT, dynamic SBFD provides similar performance than SBFD XXXXU and over 70% improvement over semi-static SBFD XXXXX and static TDD DDDSU. 
· In DL, it provides over 35% improvement compared to semi-static SBFD with XXXXU. In other words, dynamic SBFD does not come at a penalty in DL performance as compared to XXXXU. 
· When comparing dynamic SBFD and dynamic TDD, dynamic TDD outperforms dynamic SBFD in the UL UPT, while dynamic SBFD offers some improvement over dynamic TDD in the DL direction.


Dynamic SBFD performance with Option 3

In the previous section (Figure 4‑1), the SBFD slots could only be converted to DL-only slots which limited the benefit of dynamic SBFD in terms of UL UPT performance. To understand the full potential of dynamic SBFD especially in the UL direction, a second dynamic SBFD scheme is evaluated in this section which works as follows:
· ‘XXXXX’ is assumed as the baseline SBFD frame structure. Prior to the start of each slot, the gNB scheduler checks the available traffic volume in the DL (gNB-side) and UL (UE-side) transmit buffers, then:
· In the absence of UL traffic and in presence of DL traffic, the RB configuration for the upcoming slot is configured as DL-only (XàD).
· In the absence of DL traffic and in the presence of UL traffic, the RB configuration for the upcoming slot is configured as UL-only (XàU).
· In the presence (or absence) of both UL and DL traffic, the RB configuration for the upcoming slot corresponds to a SBFD slot with <ND, NU, NG >=<104, 55, 5>; the UL/DL ratio in SBFD slot is fixed regardless of the traffic volume.
This scheme corresponds to Option 3 in the agreement above, in which ‘DL receptions outside semi-statically configured DL subband(s) are allowed and UL transmissions outside the semi-statically configured UL subbands are allowed’. Similar as in the previous case, the decision on the slot type is done dynamically on a slot basis and we don’t assume any guard symbol in the transitions from DL symbol to UL symbols. Moreover, we assume that UL transport blocks (PUSCH) can be immediately scheduled and transmitted in SBFD or UL-slots without any restriction due to the UE PUSCH preparation time. Considering these aspects, we therefore regard this second scheme as an ‘upper bound’ of the dynamic SBFD performance. 
Figure 4‑2 shows UL and DL average-UPT statistics for the different duplexing schemes, where the upper-bound scheme is referred as ‘Dynamic SBFD XXXX to UL/DL’. In DL, dynamic SBFD provides an average-UPT improvement of up to 35% for all the studied percentiles. The gain comes from the availability of 20% additional DL RBs which allow to transmit the DL packets faster. In UL, the gain of dynamic SBFD is even larger and reaches up to 260% (i.e. 3.6 times): the gain comes from the possibility of having 5 times more UL RBs in each slot, which allows to faster deliver the UL payloads. Due to the relatively low gNB and UE transmit power, the effects of CLI do not seem to seriously affect the performance. 
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[bookmark: _Ref142336402]Figure 4‑2: FR1 Indoor Office DL and UL UPT performance with 2 different dynamic SBFD schemes and other duplexing schemes. Large packet is assumed (0.5MB for DL and 0.125MB for UL). 

Observation 14: For dynamic SBFD performance in FR1 Indoor Office scenario, in case of low or medium load, allowing both ‘DL receptions outside semi-statically configured DL subband(s)’ and ‘UL receptions outside semi-statically configured UL subband(s)’ allows to approximately double the UL UPT as compared to the case where UL receptions outside semi-statically configured UL subband(s) are not allowed.


System-level simulation results for Dynamic TDD
This section presents the performance of dynamic TDD for several of the schemes proposed for gNB-to-gNB CLI mitigation in 9.3.3 agenda item. The focus is on the so-called 2-layer Scenario in which we assume that layer-1 (macro layer) adopts static TDD with frame configuration [DDDSU], and layer-2 (indoor layer) uses dynamic TDD based on Rel-17 specifications as baseline. 
	
	Target dynamic/flexible TDD operation
	Baseline operation for comparison

	1-layer scenario
	Using dynamic TDD UL/DL assignment based on potential enhancements
	Using dynamic TDD UL/DL assignment based on Rel-17 specifications

	2-layer Scenario (NOTE 1)
	Option 1
	Layer 2 using legacy static TDD {DSUUU} based on potential enhancements
	Layer 2 using legacy static TDD {DDDSU} based on Rel-17 specifications

	
	Option 2
	Layer 2 using dynamic TDD UL/DL assignment based on potential enhancements
	Layer 2 using dynamic TDD UL/DL assignment based on Rel-17 specifications

	NOTE 1:	For 2-layer Scenario, layer 1 uses legacy static TDD {DDDSU} for both target and baseline operation
NOTE 2:	
· For legacy static TDD {DDDSU} and {DSUUU}, S=[12D:2G:0U] is assumed.
· For dynamic TDD UL/DL assignment, {FFFFF} is assumed and companies to report the guard symbols assumed. Other configurations for dynamic TDD are not precluded and can be reported by companies.



The simulated scenario consists of 21 macro cells with 500m ISD and a single 120x50m indoor office randomly deployed in the macro area. We assume FTP Model 3 packet generation with asymmetric payload sizes of 0.5 Mbytes and 0.125 Mbytes for DL and UL respectively. Low, medium, and high loads corresponding to <10%, 20%-40% and >=50% Type-2 RU are simulated. Unless stated differently, it is assumed that Layer-2 gNBs uses non-ideal UL receivers in which the interference estimation is approximated by a Wishart distribution. Another aspect to mention is the assumption on the UE attachment to the best serving cell. Our assumption is that UE selects to the gNB with the highest RSRP regardless of the UE indoor/outdoor condition and gNB type. Thus, an indoor UE deployed inside the office can end up selecting a nearby macro gNB as best cell. The rest of the simulation assumptions are described in Annex E.

Scheme 2: Advance receivers
This section presents the performance analysis for different UL receivers configured at the gNBs of the indoor layer. The macro layer always assumes ideal conditions for the channel and interference estimations. The first simulated case considers ideal interference estimation of the UL intra- and inter-cell interference. Additionally, it assumes that the gNB-to-gNB interference covariance matrix can’t be estimated and therefore it is not used as input for the gNB’s receiver. This type of receiver is denoted as LMMSE-IRC and will be our baseline in this section. The next case further improves the receiver capabilities, and it assumes that the victim gNB is able to estimate the gNB-to-gNB interference covariance matrix based on UL DMRS. To obtain such estimation, it is assumed that the victim gNB uses a clean channel estimation based on UL DMRS and subtracts it to the channel estimation of UL DMRS contaminated with gNB CLI. This method can be approximated as Wishart distribution as described in [TR 36.829]. This type of receiver is denoted as Wishart e-LMMSE-IRC in the figure. In the simulations, we also assumed that the intra- and inter-cell interference is modelled in the same manner for this receiver. As a further improvement for the UL receiver, we assume the case where the gNB CLI interference covariance matrix can be ideally estimated. This case could resemble the Rel-18 dynamic TDD scenario where the victim gNB uses dedicated resources specifically for such gNB-to-gNB CLI measurements, i.e., SSBs or NZP-CSI-RS of the aggressor gNB. To show the system performance of the currently discussed transparent and non-transparent UL muting in the 9.3.3 agenda item, we study the following. One case in which 1 OFDM symbol for the PUSCH is punctured (resembling the transparent muting) and another case in which no losses are expected on the PUSCH resources (resembling the non-transparent muting). The latter case corresponds to an upper bound of the non-transparent muting since we should expect certain UL throughput losses due to muting of RB/RE that overlap with the SSB/CSI-RS resources of the aggressor gNB.
Figure 5‑1 shows the performance of the indoor layer in terms of UL and DL average UPT. First of all, we want to mention that the figure represents the throughput for the indoor layer UEs. However, as explained in the previous section, indoor UEs can end up connected to macro cells. This is reason why the 5th percentile of the throughput shows such low numbers for the Layer-2. Conclusions are therefore drawn from the 50th and 95th percentile performance. 
Figure 5‑1 shows the importance of the availability of the gNB-to-gNB interference covariance matrix on the UL performance as the LMMSE-IRC receiver shows the worst of the UL performances. The introduction of e-LMMSE-IRC improves the performance by up-to 33% percent at high SINR conditions and medium load. While having the gNB-to-gNB interference covariance matrix ideally available at the victim gNB with non-transparent UL muting is the best case simulated and it shows up to 2 times performance improvement for 50th percentile. The effect of the transparent vs non-transparent UL muting is also visible on the UL UPT. The transparent UL muting exhibits a performance degradation of 7% to 10% as compared to non-transparent UL muting due to the UL PUSCH resources penalty. As expected, the DL UPT is not affected by the UL receiver assumptions.
Figure 5‑2 shows the performance of the UL and DL average UPT of the macro layer. The effect of the indoor gNBs receivers has no effect on the macro layer performance. The only performance difference is observed when transparent UL muting is configured. This can be neglected since it only represents an artifact on the simulations as the 1 OFDM symbol muting is also performed over the Layer-1 gNBs. 
Observation 15: Advanced receivers are shown to improve the UL UPT baseline performance of the indoor layer in a 2-layer scenario. An accurate estimate of the gNB-to-gNB cross-link interference covariance matrix is key to improve the UL performance.
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[bookmark: _Ref141973548]Figure 5‑1: Layer-2 DL and UL average UPT performance with baseline dynamic TDD (Rel-17) and dynamic TDD with advance receivers.
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[bookmark: _Ref141973551]Figure 5‑2: Layer-1 DL and UL average UPT performance with baseline dynamic TDD (Rel-17) and dynamic TDD with advance receivers.

Scheme 4: Frequency coordination
In this case, the scheme to overcome the presence of gNB-to-gNB cross-link interference consists of using orthogonal frequency resources between victim and aggressor gNBs in slots with opposite link direction. During such slots, gNBs agree to use slots which are assigned in frequency to DL, UL, and guard-band resources in a similar manner as in a SBFD slot. Specifically, the resources in frequency domain are split as follows: <ND, NU, NG >=<104, 55, 5>, where ND, NU and NG refer to the resources in downlink, uplink, and guard bands respectively. This slot type is denoted as “F”. Regarding this scheme, we assume two different configurations:
Option A. Layer-1 gNBs assume static TDD [DDDSU] while the Layer-2 gNBs use [DDFFU]. During “F” slots, Layer 2 gNBs prioritizes UL scheduling in case that DL and UL traffic is available for transmission at gNB and UEs buffers. In case that a traffic from a single direction is available, gNBs will use the corresponding resource in the given “F” slot. The Layer-1 gNBs will ensure that there is no DL transmission scheduled on the legacy TDD DL slots that overlaps with the UL resource of the “F” slots of the Layer-2 gNBs. 

Option B. Layer-1 and Layer-2 gNBs adopts [DDFFU] as frame structure. On the selection of the frequency resources for transmissions, Layer-1 gNBs prioritize DL traffic while Layer-2 gNBs prioritize UL traffic. If only traffic from one direction is available, the gNBs will use the corresponding resources without performing any prioritization.

The mechanisms above avoid any overlapping cross-link interference, however, it is important to model the non-overlapping interference due to transmitter and receiver imperfections. We assume the same interference modelling for the leakage and selectivity at the gNB and UE as in SBFD. Thus, we assume that the leakage and selectivity of the gNB is determined by an ACLR and ACS of 45dB and 46 dB, respectively. At the UE, the agreed in-band emission model and an ACS of 33 dB is assumed. Since gNBs are UEs are half-duplex capable, there is no self-interference in this scenario. 
Figure 5‑3 shows the average DL and UL UPT for the indoor layer and compares Rel-17 dynamic TDD against dynamic TDD adopting frequency coordination with and without inter-subband interference for Option A and Option B. Not accounting for the inter-subband interference represents an upper bound of this scheme and it is denoted as frequency coordination (ideal). Focusing first on the UL performance, we observe that frequency coordination improves the performance at medium and high loads for the 50th and 95th percentiles. The scheme is shown to provide 20% and 53% at the 50th percentile for medium and high load respectively. The higher is the offered load, the higher is the probability of being impacted by gNB-to-gNB CLI when selected an UL heavy TDD configuration in dynamic TDD. Thus, in medium and high loads, it results beneficial to restrict the UL resource to only 55 RBs (80% reduction as compared to 273 RBs available in full UL slot) and ensure that overlapping gNB-to-gNB CLI is not present. It is worth mentioning the higher absolute power levels of the interference from overlapping RBs and from non-overlapping RBs due to the effect of ACLR and ACS. As expected, the ideal case shows higher performance that the realistic case in which the inter-subband interference is account for. There is no impact performance on whether Option A or Option B are adopted since the behaviour at the Layer-2 gNBs is the same for both. On the other hand, it exhibits an appreciable performance penalty at low loads, showing that the gNB-to-gNB CLI is not too critical while the UL resource penalty is. The resource penalty in uplink from choosing DDFFU instead of DSUUU is approximately 53% resource loss. The UL UPT degradation gets up to 50% at the 95th percentile. In DL, the scheme shows performance degradation for any of the considered loads and percentiles. The reason is the lower resource availability in DL as it is not possible to select DL-heavy TDD frame configurations as in baseline dynamic TDD. The resource penalty in downlink between choosing DDDSU and DDFFU is approximately 9% resource loss and the DL UPT degradation is 40% on average. The large DL UPT degradation also comes from how the traffic prioritization is done at the indoor gNBs, which always prioritize UL over DL.
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[bookmark: _Ref141995981]Figure 5‑3: Layer-2 DL and UL average UPT performance with baseline dynamic TDD (Rel-17) and dynamic TDD with frequency coordination.

Figure 5‑4 shows the UPT performance for the Layer 1 gNBs. Here the scheme shows the trade-offs between resource availability and cross-link interference avoidance. In DL, the scheme shows worse performance for any of the loads because of DL resource penalty of 9% when adopting “DDFFU”. The low throughput values at the 5th percentile for medium and high load corresponds to UEs dropped inside the indoor office but connected to a macro gNB. On the UL UPT, we can observe the impact of Option A and Option B. As expected, Option B shows worse performance due to the muting of the resources, whereas in Option A the resources overlapping with the UL resources in the Layer-2 gNBs can also be utilized by the Layer-1 gNBs for UL transmissions. In general, the trend shows that the UL PUT is increased with respect to the baseline scenario since the UL resources increases 53% when adopting “DDFFU” as compared to “DDDSU”.
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[bookmark: _Ref141995983]Figure 5‑4: Layer-1 DL and UL average UPT performance with baseline dynamic TDD (Rel-17) and dynamic TDD with frequency coordination.

Observation 16:  In a 2-layer scenario, frequency coordination helps decreasing the impact of gNB-to-gNB CLI in certain conditions of load and interference. If the frequency coordination is applied for slots with moderate CLI, the resource penalty shows large performance degradation.

Observation 17:  Sytem-level simulation results for frequency coordination show the dependency of the scheme with the instantenous gNB-to-gNB CLI power and resource utilization. Having an on-demand, dynamic frequency coordination scheme among victim and aggressor gNBs can reduce the impact of the resource utilization

Scheme 5: Power control
Open-loop power control adjustment
This scheme focuses on boosting the UL transmit power of the UEs whose transmissions are being impacted by gNB-to-gNB cross-link interference. The victim gNB configures 2 sets of UL open-loop power control parameters each of them for different interference conditions. In slots with presence of cross-link interference, the UEs adopt the power control settings that results in higher power spectral density (higher p0). We assume that the path-loss compensation parameter (alpha) is equal to 0.8 and 0.6 for Layer-1 and Layer-2, respectively. The power control configuration for legacy slots is p0 = -80 dBm and p0 = -60 dBm for Layer-1 and Layer-2, respectively. Layer-2 UEs apply a positive offset of {5, 10, 15} dB to obtain the p0 to be used during slots with presence of cross-link interference. The potential drawback of this scheme is the higher interference generated by the UEs. This might become a problem for the DL reception of neighbour UEs as the UE-to-UE CLI increases. This is therefore studied in Figure 5‑5, where we show the average DL and UL UPT at the layer 2. Looking first at the UL UPT, we can see that applying an offset of 5 dB, i.e., using a p0 of -55 dBm, brings a performance improvement at any of the considered loads and percentiles. Specifically, we observe an average improvement of 33%, 56% and 15% for the low, medium, and high loads. At low loads, the gNB-to-gNB CLI is not critical but still increasing the power per RB target improves the UL SINR and therefore the throughput. For medium and high loads, the gNB-to-gNB starts to become a bottleneck and this scheme helps alleviating the problem. It is also observed that further increasing p0 only bring none or marginal performance benefits. The reason of this is users start to become power limited as the 23 dBm maximum transmit power is reached. On the DL, the scheme shows a small UPT degradation, around 3%, because of the presence of UE-to-UE CLI.
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[bookmark: _Ref142554785]Figure 5‑5: Layer-2 DL and UL average UPT performance with baseline dynamic TDD (Rel-17) and dynamic TDD with UL power control optimization

Figure 5‑6 shows the UL UPT and DL UPT for the Layer-1 gNBs. As expected, applying p0 offset to the indoor UEs doesn’t impact the macro layer performance.
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[bookmark: _Ref142554826]Figure 5‑6: Layer-1 DL and UL average UPT performance with baseline dynamic TDD (Rel-17) and dynamic TDD with UL power control optimization.
Observation 18:  Having separate UL open-loop power control configurations for different slot types is seen as beneficial as it increases the UL UPT by 30% on average while the DL UPT is only decreased around 3% due to increased UE-to-UE CLI. 

DL transmit power back-off
In this scheme, we study the effects of applying a power back-off on the Layer-1 macro base stations to help decreasing the cross-link interference power levels at the victim base stations. This power back-off is envisioned to occur on demand basis after exchange of information between victim and aggressor gNBs. However, the results presented here assume that as long as the aggressor identifies a mismatch in the link direction of a given slot, it assumes that CLI will be present and applies certain offset to its own DL transmit power. It is important for this scheme to analyse not only the benefits in terms of cross-link interference reduction but also the DL performance impact on the macro layer. The offset values used in for this scheme are {-3, -6, -10} dB which are subtracted from the total gNB Tx power of 53 dBm. Figure 5‑7 shows the indoor office average UPT performance in DL and UL for the considered power back-off values. The benefits of this scheme are visible at the UL UPT for any of the considered percentiles and offered loads, highlighting the presence of gNB-gNB CLI for all cases. As expected, the most benefit is achieved with the highest DL TX power back-off, around 25% with respect to baseline. The Layer-2 downlink performance remains constant throughout the different power back off configurations.
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[bookmark: _Ref141972783]Figure 5‑7: Layer-2 DL and UL average UPT performance with baseline dynamic TDD (Rel-17) and dynamic TDD with DL power back-off
Figure 5‑8 presents the Layer-1 average UPT performance in DL and UL for the considered power back-off values. We don’t observe drastic changes on the performance in either DL or UL. As expected, the cell-edge/indoor UEs are the most vulnerable to this scheme. Thus, the highest performance degradation is observed at 5% percentile DL UPT where the DL throughput is decreased by 2% for a DL power reduction of 10 dB.
Observation 19: On-demand aggressor gNB power back-off increases the Layer-2 UL UPT due to the reduction of the gNB-to-gNB cross-link interference. The Layer-1 DL performance for cell-edge UEs is degraded to a minor extent due to the transmit power reduction.
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[bookmark: _Ref141972784]Figure 5‑8: Layer-1 DL and UL average UPT performance with baseline dynamic TDD (Rel-17) and dynamic TDD with DL power back-off

Simulation Results for Coverage Performance (LLS)

In this section we present link level evaluations for coverage performance based on the link budget table used to determine the corresponding maximum coupling loss (MCL), maximum isotropic loss (MIL) and maximum path loss (MPL) as defined in TR 38.830 from the Rel-17 coverage enhancement study item. In particular, the results are provided for TDD and SBFD scenarios. The evaluations for SBFD are performed with up to 5 repetitions across 4 SBFD slots for PUSCH repetition type A and a PRB allocation of 30PRBs per slot. The detailed evaluation assumptions are captured in Table F in the Annex F.

Additionally, UL muting has been proposed by some companies aiming for a more accurate gNB-to-gNB CLI measurements and/or improving the accuracy of the receiver estimation to suppress or cancel the interference. In particular, the victim gNB can signal an UL muting pattern to the UE in the victim cell based on the assistance information from aggressor gNBs such that the interference covariance matrix estimation is enhanced at the victim gNB. Therefore, the UE will not transmit in the resources indicated by the victim gNB and therefore, there is no resources colliding with aggressor gNBs RS resources used for interference estimation. We have performed link level evaluations with and without UL muting resources such as that the interference from aggressor gNBs is estimated at the victim gNB with and without UL muting resources by the UE in the victim cell. The signal processing approach to estimate a desired signal is based on E-LMMSE-IRC receiver where receiver linear detection is applied to the desired signal based on the generic form of the covariance matrix estimate needed in interference-suppressing demodulation. In this case, the interference models are developed according to the agreements made in RAN1-112bis-e meeting.



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



The interference models are based on option 1 example-2 from the agreement made in RAN1-112bis-e. The delta values are defined from SLS simulations as follows:  dB for low, medium and high load, respectively, and used in LLS evaluations to scale the gaussian noise power in the SBFD symbols compared to TDD. The required SNR for TDD and SBFD scenarios is shown in Table 4 and used to determine the MCL se described in Table G in the Annex G. We have the following observations:
Observation 20:  For PUSCH coverage performance:
· UL muting provides a performance improvement of approx. 0.5dB for an E-LMMSE-IRC receiver.
· SBFD provides a coverage gain of maximum 5 dB at low load conditions and it is reduced to a maximum of 3 dB at medium load conditions.
· There is no coverage gain at high load conditions due to the increased CLI.

Table 4: Link Budget results for Coverage Performance 
	Scenario
	Required SNR (dB)
	MCL (dB)
	

	
	TDD
	SBFD
	Gain
	TDD
	SBFD
	Gain
	Key assumptions

	1
	-0,5
	-2,8
	2,3
	137,1
	139,4
	2,3
	Evaluation method: Option-1 (Example-2)
Load level: Medium (∆=6.8 dB)
E-LMMSE-IRC without UL muting
Repetitions: 5

	2
	-0,5
	-3,4
	2,9
	137,1
	140
	2,9
	Evaluation method: Option-1 (Example-2)
Load level: Medium (∆=6.8 dB)
E-LMMSE-IRC with UL muting
Repetitions: 5

	3
	-1,1
	-5,7
	4,6
	137,7
	142,3
	4,6
	Evaluation method: Option-1 (Example-2)
Load level: Low (∆=3.7 dB)
E-LMMSE-IRC without UL muting
Repetitions: 5

	4
	-1,1
	-6,2
	5,1
	137,7
	142,8
	5,1
	Evaluation method: Option-1 (Example-2)
Load level: Low (∆=3.7 dB)
E-LMMSE-IRC with UL muting
Repetitions: 5






Conclusion
In this contribution, we have provided our view on the evaluation assumptions for sub-band full duplex (SBFD) Rel-18 studies, and presented performance results for FR1 Urban Macro, FR1 and FR2-1 Dense Urban Macro layer and FR1 and FR2-1 Indoor Office scenarios. We have the following observations and proposals:
Proposals
Proposal 1 For the performance of SBFD in FR1 Urban Macro scenario, capture the results of SBFD#1_UMA_FR1_Sub#12 in the section 7.3, as below. 

Proposal 2 For the performance of SBFD in FR1 Urban Macro scenario, capture the following summary of the observation for SBFD antenna configuration Option 3 in addition to the moderator initial proposal. 

Proposal 3 For the performance of SBFD in FR1 Urban Macro scenario, capture the corresponding summary of the observation for inter-sector isolation option 2.
Proposal 4 Capture the following observations of the UL UPT improvement with PC2 UEs when maximum UL duty cycle is lower than 50%, e.g., for legacy TDD DDDSU:

Proposal 5 For FR1 indoor office scenario, capture the following results and conclusion in TR 38.858 regarding the performance of dynamic TDD schemes:

Observations

Observation 1: There is no clear evaluation metric for the overall system performance with accounting for both DL/UL resource available. It is beneficial to consider net UPT gain metric to account the DL/UL resource differences between the different SBFD frame configurations

Observation 2: For Deployment Case 1 FR1 UMa scenario, large packet size and SBFD Alt-4: 
· For DL UPT performance, Static TDD achieves higher 5%-tile, 50%-ile and 95%-tile DL UPT than SBFD for all load levels. For the 5%-ile DL UPT, the gain of static TDD over SBFD exceeds 200% .
· For UL UPT performance, Static TDD achieves higher UPT than SBFD for most of the cases except in the 5%-ile and 50%-ile UL average UPT throughput where up to ~2.5x 5%-ile average UPT improvement is obtained under the conditions of i) low load only, ii) same antenna gain (i.e. >2x panel size), iii) optimistic (i.e. 93 dB) inter-sector analog isolation.
· Static TDD with PC2 outperforms all evaluated SBFD cases except one single case, but still achieving 80% of the gain provided by SBFD.

Observation 3: For Deployment Case 1 FR1 UMa scenario, large packet size and SBFD Alt-2:
· For DL UPT performance, Static TDD achieves higher 5%-tile, 50%-ile and 95%-tile DL UPT than SBFD for all load levels. For the 5%-ile DL UPT, the gain of static TDD over SBFD exceeds 200% since SBFD is significantly affected by the UE-to-UE CLI. For the 50%- and 95%-ile DL UPT, static TDD provides ≥20% higher DL UPT due to availability of more DL resources as compare to SBFD.
· For UL UPT performance, SBFD generally outperforms static TDD with 23 dBm max Tx power under the condition of optimistic (i.e. 93 dB) inter-sector analog isolation. For realistic inter-sector isolation assumption of 75 dB, SBFD performs worse than static TDD.
· Static TDD with PC2 UEs (up to 26 dBm Tx power) can provide 10% to 100% UL UPT improvement compared to baseline PC3 UEs, without any degradation in DL UPT performance.

Observation 4: For Deployment Case 1 FR1 UMa scenario, small packet size and SBFD Alt-4:
· SBFD only provides a small 23% gain in the 5%-ile UL average UPT over TDD (up to ~2.5x 5%-ile average UPT improvement) under the conditions of i) low load only, ii) same antenna gain (i.e. >2x panel size), iii) 62 dB BS in-channel selectivity and iv) optimistic (i.e. 93 dB) inter-sector analog isolation. For remaining cases, static TDD outperforms SBFD performance.
· The 5%-ile of the SBFD DL average UPT is 80% worse than TDD due to the presence of strong UE-UE CLI. In contrast, the 50%-ile DL UPT suffers a degradation of only 10% for all load conditions, while the 95%-ile DL UPT improves by 5% as compared to static TDD.

Observation 5: For Deployment Case 1 FR1 Dense Urban scenario and large packet size:
· SBFD provides a 5%-ile UL average UPT improvement between 3x and 5x at low load, depending on the assumption of antenna gain and inter-sector isolation. In the 50%-ile UL average UPT, 20% improvement at low load is obtained under the assumption of same antenna gain and optimistic (93 dB) inter-sector isolation, while remaining cases offer same or slightly worse performance than TDD.
· For medium load, cases with optimistic (93 dB) inter-sector isolation outperform TDD in the 5%-ile UL average UPT, while cases with realistic (75 dB) inter-sector isolation provide same or worse performance as TDD. 
· In DL, there is a 25% reduction in the 5%-ile DL average UPT in case the SBFD gNB antenna size is kept similar as in static TDD (i.e. resulting in lower antenna gain) for all the load conditions. For medium and high load, additional 5%-ile DL average UPT degradation is obtained due to the presence of UE-UE CLI. 

Observation 6: For Deployment Case 1 FR1 Dense Urban scenario and large packet size:
· For low load, SBFD provides gains over TDD in both DL and UL 5%/50%/95%-ile UPT. In UL, the obtained gains are generally larger (between 20% to 100%) than in DL. The UL gain comes from allowing the small packets to be transmitted faster to the gNB compared to TDD DDDSU.
· In DL, for medium and high load conditions, SBFD performs worse than TDD in the 5%-ile DL UPT due to the presence of strong UE-UE CLI. In the 50%-ile, SBFD performs 5% to 10% worse than TDD, while it performs 5% better than TDD in the 95%-ile DL UPT.

Observation 7: For Deployment Case 1 FR1 Indoor Office scenario and large packet size:
· SBFD XXXXX and static TDD DDDSU provide almost identical UL and DL performance. 
· SBFD XXXXU provides 50% to 70% UL UPT improvement at the expense of a DL UPT degradation of approximately 20% at low and medium load, and up to 70% in the 5%-ile DL average UPT at high loads.
· For low and medium loads, dynamic TDD provides a UL UPT gain between 100% to 150% as compared static TDD and SBFD XXXXX, and up to 65% gain over SBFD XXXXU. Contrary to SBFD XXXXU, dynamic TDD does not come at the expense of significantly worse DL average UPT performance. 

Observation 8: For Deployment Case 1 FR1 Indoor Office scenario and small packet size:
· SBFD XXXXX and XXXXU provides approximately 50% higher UL 5%/50%/95%-ile UL UPT performance compared to static TDD. 
· SBFD XXXXX provides also a small 3% to 10% DL UPT gain over static TDD, while SBFD XXXXU performs worse than static TDD in DL in most of the cases. 
· Static TDD with DSUSU frame structure provides 25%-35% UL UPT improvement over static TDD with DDDSU for all the percentiles and offered load conditions. In DL, Static TDD with DSUSU performs 2-5% worse than DDDSU at low load, while larger degradation (5-25%) is obtained at medium load. 

Observation 9: For Deployment Case 1 FR2 Indoor Office scenario and large packet size:
· SBFD XXXXX provides an improvement of 35%, 22% and 4% in the 5%-ile UL UPT at low, medium, and high load respectively. 
· SBFD XXXXX and TDD DDDSU perform very similar in the 50%- and 95%-ile UL UPT (between 6% and -9% difference).
· In terms of DL UPT, SBFD outperforms static TDD in all the percentiles and load conditions by a small margin between 2-5%.

Observation 10: For Deployment Case 1 FR2 Indoor Office scenario and small packet size:
· SBFD offers up to 50% UL throughput improvement for all load conditions. 
· In the DL direction, SBFD outperforms static TDD most of the time by a small margin of around 5%.

Observation 11: For Deployment Case 1 FR2 Dense Urban scenario and large packet size:
· SBFD provides a 5%-ile UL average UPT improvement between 400% to 600% for any load conditions over static TDD in case of 98 dB (optimistic) inter-sector isolation assumption. For realistic inter-sector isolation assumption (88 dB), ~320% gain in the 5%-ile UPT is obtained at low and medium load, while a 30% degradation is obtained at high load.
· For the 50%- and 95%-ile of the UL UPT, SBFD provides up to 25% gain over static TDD at low load (for both cases of inter-sector isolation), while little to no gain is obtained at medium and high load conditions.
· In DL, SBFD generally outperforms static TDD by a small margin of up to 5%, except in the 5%-ile DL UPT, where a small degradation of up to 17% is obtained at medium and high load conditions.



Observation 12: For Deployment Case 1 FR2 Dense Urban scenario and small packet size:
· SBFD provides a 5%-ile UL average UPT improvement between 200% and 4100% (close to infinite gain) at low and medium load, respectively. 
· For the 50%- and 95%-ile UL UPT, SBFD provides gain (up to 60%) at low load conditions for both 88 dB and 98 dB of inter-sector isolation cases, while the case with 88 dB of inter-sector isolation performs worse than TDD at medium and high load conditions.
· In DL, SBFD generally outperforms static TDD by a small margin of up to 5%, except in the 5%-ile DL UPT, where a small degradation of up to 11% is obtained at high load conditions.

Observation 13: Adopting dynamic SBFD with Option 2 provides the following performance in Indoor Office FR1 scenario:
· For the UL UPT, dynamic SBFD provides similar performance than SBFD XXXXU and over 70% improvement over semi-static SBFD XXXXX and static TDD DDDSU. 
· In DL, it provides over 35% improvement compared to semi-static SBFD with XXXXU. In other words, dynamic SBFD does not come at a penalty in DL performance as compared to XXXXU. 
· When comparing dynamic SBFD and dynamic TDD, dynamic TDD outperforms dynamic SBFD in the UL UPT, while dynamic SBFD offers some improvement over dynamic TDD in the DL direction.

Observation 14: For dynamic SBFD performance in FR1 Indoor Office scenario, in case of low or medium load, allowing both ‘DL receptions outside semi-statically configured DL subband(s)’ and ‘UL receptions outside semi-statically configured UL subband(s)’ allows to approximately double the UL UPT as compared to the case where UL receptions outside semi-statically configured UL subband(s) are not allowed.

Observation 15: Advanced receivers are shown to improve the UL UPT baseline performance of the indoor layer in a 2-layer scenario. An accurate estimate of the gNB-to-gNB cross-link interference covariance matrix is key to improve the UL performance. 
Observation 16: In a 2-layer scenario, frequency coordination helps decreasing the impact of gNB-to-gNB CLI in certain conditions of load and interference. If the frequency coordination is applied for slots with moderate CLI, the resource penalty shows large performance degradation.

Observation 17:  Sytem-level simulation results for frequency coordination show the dependency of the scheme with the instantenous gNB-to-gNB CLI power and resource utilization. Having an on-demand, dynamic frequency coordination scheme among victim and aggressor gNBs can reduce the impact of the resource utilization

Observation 18: Having separate UL open-loop power control configurations for different slot types is seen as beneficial as it increases the UL UPT by 30% on average while the DL UPT is only decreased around 3% due to increased UE-to-UE CLI. 

Observation 19: On-demand aggressor gNB power back-off increases the Layer-2 UL UPT due to the reduction of the gNB-to-gNB cross-link interference. The Layer-1 DL performance for cell-edge UEs is degraded to a minor extent due to the transmit power reduction.

Observation 20: For PUSCH coverage performance:
· UL muting provides a performance improvement of approx. 0.5dB for an E-LMMSE-IRC receiver.
· SBFD provides a coverage gain of maximum 5 dB at low load conditions and it is reduced to a maximum of 3 dB at medium load conditions.
· There is no coverage gain at high load conditions due to the increased CLI.


Annex A: Simulation assumptions for FR1 UMa Scenario 
[bookmark: _Ref111043115]Table A: Simulation assumptions for FR1 UMa Scenario
	Parameters
	Value

	Scenario
	Urban Macro (TR 38.901) with 7x3=21 cells and 500 meter ISD.
SBFD Deployment Case 1 with single operator and all gNBs using the same UL-DL SBFD sub-band partitioning

	SCS
	30 kHz

	Carrier bandwidth
	100 MHz, 273 RBs

	gNB total transmit power
	53 dBm

	UE Tx power
	23 dBm or 26 dBm

	UE position
	UE clustering in line with RAN1#111 agreements: 10 UEs per cell at 1.5 meter height. 80% of the UEs in 1 cluster per macro cell area with 25 meter radius.
UEs dropped within the UE cluster are indoor with 3km/h; UEs dropped outside the UE cluster are outdoor in car with 30km/h

	Traffic model
	FTP3 UL and DL traffic; 0.125 MB payload size in UL and 0.5 MB in DL 

	Channel modelling
	gNB-UE: TR 38.901 UMa

gNB-gNB: TR 38.901 UMa with replacement of the UE’s antenna height with gNB’s antenna height and updated angular spread. 75% of LOS probability for gNBs within ISD distance

UE-UE: TR 38.901 UMi with O2I according to TR 38.802. 

Both large-scale and small-scale fading effects are modeled between all gNB-gNB links.
Only large-scale fading is modeled between UE-UE links.

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

SBFD: 16 Tx/16 Rx antenna ports (Opt 2)
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 4) (per panel group)
dH = 0.5λ, dV = 0.8λ;

SBFD: 8 Tx/8 Rx antenna ports (Opt 3)
(M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 4)
dH = 0.5λ, dV = 0.8λ;


	UE antenna configuration
	2 Tx antenna ports:
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 1)

4 Rx antenna ports:
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)
dH=0.5

	UE & BS receiver
	MMSE-IRC 

	Number of UEs per cell
	10 

	UE power control
	Open-loop power control with alpha = 0.7 and p0=-80

	DL/UL Transmission mode
	DL: Single user MIMO with max rank 2
UL: Single user MIMO with max rank 1

	Frame structure
	TDD: DDDSU with S=[12D:2G:0U]
SBFD: XXXXX or XXXXU with X denoting a SBFD slot with DGUGU = [104, 5, 55, 5, 104] PRB assignment. “D”, “U” and “G” refers to downlink subband, uplink subband and guard bands, respectively.

	SBFD interference modeling
	149 dB RSI and 75 or 93 dB for inter-sector isolation 
gNB: ACLR: 45 dB, gNB ACS: 46 or 62 dB.
UE ACLR: IBE requirements defined in TS 38.101-1
UE ICS = 33 dB

	Noise figure
	BS: piece-wise noise figure model with A = -43 dBm, B = -25 dBm, C = 5 dB, D = 14 dB
UE: 9 dB





Annex B: Simulation assumptions for FR1 Dense Urban macro layer
Table B: Simulation assumptions for FR1 Dense Urban macro layer
	Parameters
	Value

	Scenario
	Dense Urban Macro layer with 7x3=21 cells and 200 meters ISD.
SBFD Deployment Case 1 with single operator and all gNBs using the same UL-DL SBFD sub-band partitioning

	SCS
	30 kHz

	Carrier bandwidth
	100 MHz, 273 RBs

	gNB total transmit power
	44 dBm

	UE Tx power
	23 dBm

	UE position
	UE clustering in line with RAN1#111 agreements: 10 UEs per cell at 1.5 meter height. 80% of the UEs in 1 cluster per macro cell area with 25 meter radius.
UEs dropped within the UE cluster are indoor with 3km/h; UEs dropped outside the UE cluster are outdoor in car with 30km/h

	Traffic model
	FTP3 UL and DL traffic; 0.125 MB payload size in UL and 0.5 MB in DL 

	Channel modelling
	gNB-UE: TR 38.901 UMa

gNB-gNB: TR 38.901 UMa with replacement of the UE’s antenna height with gNB’s antenna height and updated angular spread. 75% of LOS probability for gNBs within ISD distance

UE-UE: TR 38.901 UMi with O2I according to TR 38.802. 

Both large-scale and small-scale fading effects are modeled between all gNB-gNB links.
Only large-scale fading is modeled between UE-UE links.

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

SBFD: 16 Tx/16 Rx antenna ports (Opt 2)
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 4) (per panel group)
dH = 0.5λ, dV = 0.8λ;

SBFD: 8 Tx/8 Rx antenna ports (Opt 3)
(M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 4)
dH = 0.5λ, dV = 0.8λ;


	UE antenna configuration
	2 Tx antenna ports:
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 1)

4 Rx antenna ports:
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)
dH=0.5

	UE & BS receiver
	MMSE-IRC 

	Number of UEs per cell
	10 

	UE power control
	Open-loop power control with alpha = 0.8 and p0=-86

	DL/UL Transmission mode
	DL: Single user MIMO with max rank 2
UL: Single user MIMO with max rank 1

	Frame structure
	TDD: DDDSU with S=[12D:2G:0U]
SBFD: XXXXX or XXXXU with X denoting a SBFD slot with DGUGU = [104, 5, 55, 5, 104] PRB assignment. “D”, “U” and “G” refers to downlink subband, uplink subband and guard bands, respectively.

	SBFD interference modeling
	140 dB RSI and 75 or 93 dB for inter-sector isolation 
gNB: ACLR: 45 dB, gNB ACS: 46 or 62 dB.
UE ACLR: IBE requirements defined in TS 38.101-1
UE ICS = 33 dB

	Noise figure
	BS: piece-wise noise figure model with A = -43 dBm, B = -25 dBm, C = 5 dB, D = 14 dB
UE: 9 dB





Annex C: Simulation assumptions for FR1 Indoor Scenario
[bookmark: _Ref127300680]Table C5: Simulation assumptions for FR1 Indoor Scenario
	Parameters
	Value

	Scenario
	TR 38.901 Indoor Office of 120x50x3 meter with 12 cells deployed in the ceiling with 20 meters inter-site distance.
SBFD Deployment Case 1 with single operator and all gNBs using the same UL-DL SBFD sub-band partitioning

	SCS
	30 kHz

	Carrier bandwidth
	100 MHz, 273 RBs

	gNB total transmit power
	24 dBm

	UE Tx power
	23 dBm

	UE position
	120 randomly distributed UEs in the office area.

	Traffic model
	FTP3 UL and DL traffic; 0.125 MB payload size in UL and 0.5 MB in DL 
FTP3 UL and DL traffic; 1kB payload size in UL and 4kB in DL

	Channel modelling
	gNB-UE, UE-UE and gNB-gNB: TR 38.901 InH

Both large-scale and small-scale fading effects are modeled between all gNB-gNB and UE-UE links.

	BS antenna configurations
	TDD: 32 Tx/32 Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (4, 4, 2, 1, 1; 4, 4);

SBFD: 32 Tx/32 Rx antenna ports (Opt 2)
(M, N, P, Mg, Ng; Mp, Np) = (4, 4, 2, 1, 1; 4, 2); (per panel group)

dH = 0.5λ, dV = 0.5λ;
90 degree mechanical tilt (pointing to the floor)


	UE antenna configuration
	2 Tx antenna ports:
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 1)

4 Rx antenna ports:
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)
dH=0.5

	UE & BS receiver
	MMSE-IRC 

	UE power control
	Open-loop power control with alpha = 0.6 and p0=-60

	DL/UL Transmission mode
	DL: Single user MIMO with max rank 2
UL: Single user MIMO with max rank 1

	Frame structure
	TDD: DDDSU with S=[12D:2G:0U]
SBFD: XXXXX or XXXXU with X denoting a SBFD slot with DGUGU = [104, 5, 55, 5, 104] PRB assignment. “D”, “U” and “G” refers to downlink subband, uplink subband and guard bands, respectively.

	SBFD interference modeling
	gNB Self-interference RSI: 120 dB
gNB-to-gNB inter-site: ACLR: 45 dB, ACS: 46 dB.
UE-to-UE: IBE requirements defined in TS38.101-1 and TS38.101-2 for Tx model.
UE selectivity model according to recent RAN1 working assumptions. UE ICS = 33 dB

	Noise figure
	BS: piece-wise noise figure model with A = -35 dBm, B = -17 dBm, C = 13 dB, D = 22 dB
UE: 9 dB













Annex D: Simulation assumptions for FR2-1 Indoor Scenario
Table D: Simulation assumptions for FR2-1 Indoor Scenario
	Parameters
	Value

	Scenario
	TR 38.901 Indoor Office of 120x50x3 meter with 12 cells deployed in the ceiling with 20 meter inter-site distance.
SBFD Deployment Case 1 with single operator and all gNBs using the same UL-DL SBFD sub-band partitioning

	SCS
	120 kHz

	Carrier bandwidth
	200 MHz, 132 RBs

	gNB total transmit power
	24 dBm

	UE Tx power
	23 dBm

	UE position
	120 randomly distributed UEs in the office area.

	Traffic model
	FTP3 UL and DL traffic; 0.125 MB payload size in UL and 0.5 MB in DL 
FTP3 UL and DL traffic; 1kB payload size in UL and 4kB in DL 

	Channel modelling
	gNB-UE, UE-UE and gNB-gNB: TR 38.901 InH

Both large-scale and small-scale fading effects are modeled between all gNB-gNB and UE-UE links.

	BS antenna configurations
	TDD: 
(M, N, P, Mg, Ng; Mp, Np) = (16, 8, 2, 1, 1; 1, 1);

SBFD (Opt 2):
(M, N, P, Mg, Ng; Mp, Np) = (16, 8, 2, 1, 1; 1, 1);

dH = 0.5λ, dV = 0.5λ;
90 degree mechanical tilt (pointing to the floor)


	UE antenna configuration
	4Tx/4 Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1)
dH=0.5

	UE & BS receiver
	MMSE-IRC 

	UE power control
	Open-loop power control with alpha = 0.6 and p0=-60

	DL/UL Transmission mode
	DL: Single user MIMO with rank 1
UL: Single user MIMO with rank 1

	Frame structure
	TDD: DDDSU with S=[12D:2G:0U]
SBFD: XXXXX with X denoting a SBFD slot with DGUGU = [52, 1, 26, 1, 52] PRB assignment. “D”, “U” and “G” refers to downlink subband, uplink subband and guard bands, respectively.

	SBFD interference modeling
	gNB Self-interference RSI: 111 dB
gNB-to-gNB inter-site: ACLR: 28 dB, ACS: 23.5 dB.
UE-to-UE: IBE requirements defined in TS38.101-1 and TS38.101-2 for Tx model.
UE selectivity model according to recent RAN1 working assumptions. UE ICS = 23 dB

	Noise figure
	BS: piece-wise noise figure model with A = -58 dBm, B = -40 dBm, C = 10 dB, D = 19 dB
UE: 10 dB


















Annex E: Simulation assumptions for 2-layer scenario for dynamic TDD evaluations (FR1)
Table E: Simulation assumptions for 2-layer scenario for dynamic TDD evaluations (FR1)
	Parameters
	Value

	Scenario
	2-layer scenario with
· Layer 1: 7 macro sites, 3 sector per side in a hexagonal grid. ISD = 500m
· Layer 2: Single indoor office in the scenario with 120x50m and 12 deployed base stations

	Duplex scheme
	· Layer 1: legacy static TDD {DDDSU} for both target and baseline operation
· Layer 2:
· Baseline operation for comparison: dynamic TDD UL/DL assignment based on Rel-17 specifications
· Target flexible TDD operation: dynamic TDD UL/DL assignment based on potential enhancements
· Frame structure options: [{DSUUU}, {DDSUU}, {DDDSU}]
· Special slot format: S=[12D:2G:0U]

	SCS
	30 kHz

	Carrier bandwidth
	100 MHz, 273 RBs

	gNB total transmit power
	· Layer 1: 53 dBm
· Layer 2: 24 dBm

	UE Tx power
	23 dBm

	UE position
	Total = 330 UEs
· Layer 1 UEs = 210 randomly uniformly distributed
· Layer 2 UEs = 120 randomly distributed UEs in the office area
UEs connects to the best serving cell according to highest RSRP. An Layer-2 UE (indoor) can be connected to a macro cell

	Traffic model
	FTP3 UL and DL traffic; 0.125 MB payload size in UL and 0.5 MB in DL 


	Channel modelling
	gNB-to-gNB = TR 38.901
gNB-to-UE = TR 38.901
UE-to-UE = TR 38.901
See details in Annex A.3 in TR 38.858

	BS antenna configurations
	Layer 1:
(M,N,P,Mg,Ng;Mp,Np)  = (4,4,2,1,1;1,4) , (dH,dV) = (0.5, 0.8)λ,  +45°/-45° polarization
6 degrees mechanical tilt (pointing to the floor)

Layer 2:
(M,N,P,Mg,Ng;Mp,Np)  = (2,2,2,1,1; 2,2) , (dH,dV) = (0.5, 0.5)λ,  +45°/-45° polarization
90 degrees mechanical tilt (pointing to the floor)



	UE antenna configuration
	2Tx: (M,N,P,Mg,Ng;Mp,Np) = (1,1,2,1,1;1,1), (dH,dV) = (N/A, N/A)λ, 0°,90° polarization;
4Rx: (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2), (dH,dV) = (0.5, N/A)λ, 0°,90° polarization

	UE power control
	Open-loop power control with: 
Layer 1: 
· alpha = 0.8 and p0=-80
Layer 2:
· alpha = 0.6 and p0=-60

	DL/UL Transmission mode
	DL: Single user MIMO with rank 1
UL: Single user MIMO with rank 1

	Frame structure
	TDD: DDDSU with S=[12D:2G:0U]


	Noise figure
	BS: 5 dB
UE: 10 dB



Annex F: Simulation assumptions for FR1 Coverage Performance
Table F: Simulation assumptions for FR1 Coverage Performance
	Parameters
	Value

	Carrier Frequency
	4GHz

	SCS
	30 kHz

	Allocation
	30 RBs

	Carrier bandwidth
	100 MHz

	Antenna Configuration
	1Tx2Rx

	Frame Structure
	SBFD: XXXXU (up to 5 repetitions across 4 SBFD slots)
TDD: DDDSU 

	DMRS configuration
	Type I, 2 DMRS per slot, no multiplexing with data

	Traffic model
	NLOS: TDL-C-300ns

	Slot duration
	14 OFDM symbols

	UE Speed
	3kph

	HARQ configuration
	Retransmissions enabled


	MCS 
	Index 4

	Receiver
	E-MMSE-IRC (with and without UL muting resources)








































Annex G: Link Budget Analysis

Table G: Link Budget Analysis for FR1

	Transmitter

	(1) Number of transmit antenna elements
	1

	(2) Number of transmit TxRUs
Note: this row is void (left empty) for uplink
	

	(2a) Number of transmit chains modelled in LLS
	1

	(3) Total transmit power (dBm) 
Note: total transmit power for system bandwidth 
	23 dBm

	(3a) System bandwidth for downlink, or occupied bandwidth for uplink (Hz)
	1.08e7 Hz


	(3b) Power Spectrum Density = (3) - 10 log( (3a) / 1000000 )  (dBm/MHz) 
Note: no PSD constraint for uplink
	12.2 dBm / MHz

	(3c) Bandwidth used for the evaluated channel (Hz)
Note: (3c) is identical to the number of PRBs assigned to the channel evaluated.
For uplink, (3a) = (3c)
	1.08e7 Hz

	(3bis) Total transmit power for occupied bandwidth    =  (3b) + 10 log ( (3c) / 1000000 ) (dBm)
	23 dBm

	(4) Total antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter = (4a) – (4b)  (dB)
	0 dB

	(4a) Antenna gain at antenna gain component 3 & antenna gain component 4 of transmitter
=   (4c) + 10 log ( (1) / (2a) ) (dB)   for uplink
	0 dB

	(4b) Antenna gain correction factor at antenna gain component 3 & antenna gain component 4 of transmitter (dB)
	0 dB

	(4c) Gain of antenna element (dBi) 
	0 dBi

	(5) Total antenna gain at antenna gain component 2  of transmitter = (5a) - (5b)  (dB)
Note: zero for uplink
	0 dB

	(5a) Antenna gain at antenna gain component 2 of transmitter = 10 log( (2)/(2a)) (dB)
Note: zero for uplink
	0 dB

	(5b) Antenna gain correction factor at antenna gain component 2 of transmitter (dB)
Note: zero for uplink
	0 dB

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	0 dB

	(9) EIRP = (3bis) + (4) + (5) – (8) dBm
	23 dBm



	Receiver

	(10) Number of receive antenna elements
	192

	(10a) Number of receive TxRUs
Note: this row is void (empty) for downlink
	
64

	(10b) Number of receive chains modelled in LLS
	2

	(11) Total antenna gain at antenna gain component 3 & antenna gain component 4 of receiver = (11a) - (11b)  (dB) 
	11.2 dBi

	(11a) Antenna gain at antenna gain component 3 & antenna gain component 4 of receiver 
=  (11c) + 10 log (  (10)/(10a) )     (dB) for uplink
	11.2 dBi

	(11b) Antenna gain correction factor at antenna gain component 3 & antenna gain component 4 of receiver (dB)
	0 dB

	(11c) Gain of antenna element (dBi)
	6.4 dBi

	(11bis) Total antenna gain at antenna gain component 2 of receiver = (11bis-a) - (11bis-b) (dB)
Note: zero for downlink
	15 dB

	(11bis-a) Antenna gain at antenna gain component 2 of receiver = 10 log( (10a)/(10b)) (dB)
Note: zero for downlink
	15 dB

	(11bis-b) Antenna gain correction factor at antenna gain component 2 of receiver (dB)
Note:  zero for downlink
	0 dB

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	0 dB

	(13) Receiver noise figure (dB)
	
5 dB

	(14) Thermal noise density (dBm/Hz)
	
-174 dBm/Hz

	(15) Receiver interference density (dBm/Hz) 
	-Inf dBm/Hz

	(16) Total noise plus interference density        = 10 log (10^(( (13) + (14))/10) + 10^((15)/10))    (dBm/Hz)
	-169 dBm/Hz

	(18) Effective noise power = (16) + 10 log ((3c))   (dBm)
	-98.7 dBm

	(19) Required SNR (dB)
	Based on LLS per simulated scenario

	(20) Receiver implementation margin (dB)
	
0 dB

	(21) H-ARQ gain (dB)
Note: Only applicable if HARQ is not considered in LLS
	0 dB

	(22) Receiver sensitivity = (18) + (19) + (20) – (21)  (dBm)
	-98.7 + (19)

	(22bis) MCL = (3bis) – (22) + (5) + (11bis)   (dB)
	136.7 – (19)

	(23) Hardware link budget, a.k.a. MIL  = (9) + (11) + (11bis) − (12) − (22)   (dB)
Note: MIL can also be derived by (22bis) + (4) – (8) + (11) − (12)
	147.9 – (19)
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