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Introduction
RAN has agreed in RP-220633 a new Study Item on evolution of NR duplex operation with following objectives:
	The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).

Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 



Specifically, this contribution provides our view on the evaluation methodology building on the agreements and discussion that took place in RAN1#109-e and RAN1#110, and also present preliminary SBFD simulation results in Annex A.

[bookmark: _Hlk510705081]Evaluation methodology for dynamic TDD
Simulation scenarios
Scenarios for evaluation of dynamic/flexible TDD have been discussed in RAN1#109-e and RAN1#110 meetings. In RAN1#110, the discussion focused on single operator co-channel cases, while adjacent-channel evaluations were also discussed in previous RAN1#109-e meeting. 
Starting with adjacent channel evaluations, this is a controversial aspect since companies have different views on the need for performing new adjacent coexistence studies. The latest TDD adjacent channel existence studies were conducted by RAN WG4 during Rel-16 study on cross-link interference (CLI) handling and Remote Interference Management (RIM) for NR [TR 38.828]. The studies included several deployments scenarios including macro-to-macro coexistence and indoor-to-indoor coexistence. A macro-to-indoor and indoor-to-macro coexistence were also considered. These scenarios are well aligned with companies’ priorities on which are the deployments scenarios for dynamic TDD according to the discussions on RAN1#109-e. 
Observation 1: Companies’ preferences on the deployment scenarios for Rel-18 dynamic TDD are well aligned with the deployment scenarios adopted during Rel-16 coexistence studies.
Moreover, the studies were carried out for FR1 and FR2 frequency ranges. Fully aligned, partly aligned and fully misaligned TDD radio frame configuration between aggressor and victim nodes as well as full buffer and 10% resource utilization traffic conditions were studied. Up-to-date assumptions about RAN4 minimum requirements for adjacent channel leakage ratio (ACLR) and adjacent channel selectivity (ACS) were also considered to model the gNB-gNB and UE-UE adjacent cross-link interference. 
Therefore, our view is that the conclusions from the Rel-16 coexistence studies are valid for the Release 18 discussions. New adjacent channel coexistence studies should only be considered for Rel-18 only if significant changes on the underlying assumptions are agreed.

Proposal 1: Unless significant changes on the parameters/assumptions from the previous Rel-16 adjacent coexistence studies are agreed, the previous conclusions remain valid and there is no need to perform new coexistence studies.
For the co-channel evaluation, we think that the indoor office scenario and the HetNet scenario as discussed in RAN1#109-e and RAN1#110 should be prioritized. For the latter one, our preference is to assume that the indoor cells adopt dynamic TDD (Option 2). Enabling dynamic TDD will introduce cross-link interference between gNBs and UEs of the same building and, in our view, it is important to capture and analyze these effects. 

Proposal 2: For evaluation of dynamic/flexible TDD, consider at least the following co-channel scenarios for FR1:
· Indoor office with dynamic TDD UL/DL assignment
· HetNet with Urban Macro and Indoor office deployed in the same carrier, and Macro gNBs use DL dominant static TDD UL/DL configuration. Both of the following options can be considered for this scenario.
· Option 1: Indoor gNBs use UL dominant static TDD UL/DL configuration
· Option 2: Indoor gNBs use dynamic TDD UL/DL assignment


Evaluation methodology for Sub-band non-overlapping Full duplex
Simulation scenarios for SBFD Deployment Case 4
The following agreements were reached in RAN1#110 regarding simulations for SBFD Deployment Case 4:
	Agreement
RAN1 strives to agree on system level simulation parameters for SBFD deployment case 4 by RAN1#110bis-e with specific focus on different power levels and load levels between two operators in adjacent carriers.
Agreement
For evaluation of adjacent-channel coexistence between two networks for Urban Macro and Dense Urban Macro layer scenarios in RAN1, consider grid shifts between two networks of 0% and 100%.
· the topologies shown below can be used for the 0% and 100% grid shift for RAN1 evaluation.
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The first issue to agree on the SBFD adjacent-channel evaluations is the deployment scenarios, where we think that at least Urban Macro (for FR1) and Dense Urban (for FR1 and FR2) should be considered. Secondly, the load level in each of the adjacent carriers is also open and is to be discussed with high priority in RAN1#110bis-e. Here we think that FTP3 traffic model with similar settings as agreed for SBFD deployment Case 1 can be adopted for SBFD Deployment Case 4 as well. Specifically, DL and UL arrival rates that reach low (<10% RU), medium (20-30% RU) and high (~50% RU) can be determined for the single operator legacy TDD case, and those low/medium/high arrival rates can be independently configured for each operator and link direction in the adjacent-channel simulations based on company’s preference. E.g. simulations can be run with [low, low], [medium, medium] and [low, medium] load in the [SBFD operator, TDD operator] respectively.
Proposal 3: For evaluation of SBFD Deployment Case 4 (Adjacent-channel co-existence case), consider	Urban Macro (FR1) and Dense urban (FR1, FR2) as the main scenarios.
Proposal 4: For the traffic model and load levels assumed in the evaluation of SBFD Deployment Case 4, assume FTP3 traffic model with similar settings as agreed for SBFD deployment Case 1.
· DL and UL arrival rates that reach low (<10%), medium (20-30%) and high (~50%) RU can be determined for the single operator legacy TDD case, and those low/medium/high arrival rates can be independently configured for each operator and link direction in the adjacent-channel simulations based on company’s preference.


UE clustering for Urban Macro scenario
The following agreements were reached in RAN1#110 regarding UE position in Urban Macro scenario:
	Agreement
Update the previous agreement as below:
For UE distribution of Urban Macro and Dense Urban Macro layer, 
· Baseline: (UE clustering at least for FR1)
· M users per macro TRP
· Step 1: Randomly drop X UE cluster centers within one macro cell geographical area considering the minimum distance between macro TRP to UE cluster center as Dmacro-to-cluster and the minimum distance between two UE cluster centers as Dinter-cluster 
· Step 2: Y% UEs are randomly and uniformly dropped within the UE clusters with the radius of R, (1-Y%) users randomly and uniformly dropped in the macro geographical area outside the clusters
· Note: UEs dropped within the UE cluster(s) are indoor with 3km/h; UEs dropped outside the UE cluster(s) are outdoor in car with 30km/h
· UE outdoor/indoor proportion: 20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
· Outdoor UEs: 1.5 m; 
· FFS: Indoor UEs height 
· Y%=80%
· FFS the values of M, X, Dmacro-to-cluster, Dinter-cluster, R
· Optional: 
· 10 users per macro TRP (per direction), and all users are randomly and uniformly dropped within the macro cell
· At least for FR1: 20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
· Outdoor UEs: 1.5 m; 
· Indoor UEs: 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8) [refer to TR 36.873 Table 6-1]
· FFS: FR2 details



As highlighted in the agreement above, there are a few FFS on the value of M (number of users per macro cell), X (number of clusters per macro cell area), Dmacro-to-cluster, Dinter-cluster, and R (cluster radius). Starting with the number of clusters per macro TRP, we don’t see any added benefit of considering more than one cluster per Macro area so, for simplicity, X can be considered equal to 1. On the cluster radius and remaining parameters, we have run a set of simulations using the assumptions in TR 36.872 (LTE Small cell study) as a starting point; these are: R = 70m, Dmacro-to-cluster = 105m, Dinter-cluster= 2*R; but we also simulated the case with R = 35m to determine the sensitivity of the SBFD performance to the UE density. 
Figure 1 shows the DL UE throughput CDF for the different evaluated settings assuming full-buffer traffic (worst-case scenario). For reference, we use the case with uniform UE distribution (regarded as “Optional” in the agreement above). It can be seen that already with R = 70m there is a noticeable DL performance degradation of approximately 20% at the 50%-ile even for a relatively low density of UEs (10 UEs per cell, 8 UEs per cluster, ). Further clustering of the UEs in a R = 35m radius, reduces even more the performance down to unacceptable levels of 1 Mbps at the 50%-ile. As the case with R = 70 m already results in noticeable impact, we think this could be the default assumption for UE clustering model for Urban Macro and Dense Urban Macro layer.
On the number of users, the 10 or 20 UEs per cell as assumed in the simulations in Figure 1 can be adopted for the case where each UE generate both UL and DL traffic (Option 2 as per RAN1#110 agreement), while the UE density can be double for the case where each UE generate either UL or DL traffic (Option 1). 
Proposal 5: For the UE clustering model adopted for Urban Macro and Dense Urban Macro, adopt the following additional parametrization as baseline:
· One cluster per cell (M=1). For the cluster dimensions, re-use the assumptions in TR 36.872 (LTE Small cell study) which are: R = 70m, Dmacro-to-cluster = 105m, Dinter-cluster= 2*R.
· For the number of UEs per Macro TRP, consider i) 10 or 20 UEs per cell for the case where each UE generate both UL and DL traffic (Option 2 as per RAN1#110 agreement) and ii) 20 or 40 UEs per cell for the case where each UE generate either UL or DL traffic (Option 1).
· For the UE height, consider 1.5 m for all UEs within the cluster. 

Observation 2: Unacceptable DL throughput performance (>90% degradation with full buffer traffic) is observed with SBFD when 80% of the UEs in each cell are placed in a cluster of 35 meter radius. With a cluster radius of 70 meter, performance degradation of 20% is observed. 
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[bookmark: _Ref115343562]Figure 1: DL UE throughput performance for different UE placement alternatives. Full-buffer traffic,FR1 UMa scenario.
  

Modelling of noise figure vs. RF input level in system-level simulations
So far, RAN1 has agreed on models for self-interference, while detailed modelling of other interference types is still under discussion. Receive noise figure (NF) is another critical aspect for SBFD as it naturally increases as the RF input power increases. Gain compression or gain control may happen at different power levels for the various circuit blocks in the RF chain. Noise figure also increase as a function of RF input power levels. The RF circuit blocks that are affected by this are typically the RF front end LNA, RF transceiver and base band receive circuitry.
AGC functionality of such system is normally done by adjusting the gain in some, or all these blocks, which in turn  cause the cascaded noise figure to increase as a function of peak input power level. This may be quite complex to estimate or calculate accurately. For system-level simulations, a simple and easy to use model is proposed and depicted in Figure 2 where the NF is a function of RF peak input power. The RF input power includes all the radiated signals, including self-interference, gNB-to-gNB CLI, as well as UE UL transmissions. The intention is to model the cascaded noise figure for the entire receiver as a function of RF input power including the effect of gain control as performed by the AGC algorithm and analogue gain compression and noise figure increase as a function of peak RF input level for all the relevant circuit blocks. At low peak input power levels, the noise figure is equal to existing NF requirements e.g. 5 dB for wide area base stations, while after a first and a second threshold the NF increases linearly with slope of SL1 and SL2 respectively. Some example values or range of values are presented in Table 1, while exact values can be further discussed in RAN1 or based on RAN4 input.  

Proposal 6: Study the effect of non-linearities at the gNB receiver, and introduce NF increase model into SLS evaluation where the model defines NF increase as a function of peak input power. Use following piece-wise linear approximation with the parameter (a, b, SL1, SL2) as baseline, where the first and the second input threshold are a and b, with the slopes SL1 and SL2, respectively. Parameters of the model (a, b, SL1, SL2) can be further discussed in RAN1 or based on RAN4’s input. 
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[bookmark: _Ref115375147]Figure 2 Behaviour of noise figure as a function of Peak input power.

[bookmark: _Ref115375461][bookmark: _Ref115375428]Table 1: Example parametrization of proposed model
	Snf
	Small signal noise figure
	5
	dB

	a
	Peak input power threshold 1
	-40 to -25
	dBm

	b
	Peak input power threshold 2
	-20 to -10
	dBm 

	SL1
	Noise figure slope 1  
	0.1 to 1
	

	SL2 
	Noise figure slope 2  
	1 to 2
	



	NF = Snf						                                    for Peak input power < a 
NF = Snf – a * SL1 + SL1* Peak input power                      for: a < Peak input power < b
NF = Snf – a*SL2 + b*(SL1 – SL2) + SL2*( Peak input power)        for Peak input power > b




Conclusion
In this contribution, we have provided our view on the evaluation assumptions for dynamic TDD and sub-band full duplex (SBFD) Rel-18 studies. 
We have the following observations and proposals:
Observation 1: Companies’ preferences on the deployment scenarios for Rel-18 dynamic TDD are well aligned with the deployment scenarios adopted during Rel-16 coexistence studies.
Proposal 1: Unless significant changes on the parameters/assumptions from the previous Rel-16 adjacent coexistence studies are agreed, the previous conclusions remain valid and there is no need to perform new coexistence studies.
Proposal 2: For evaluation of dynamic/flexible TDD, consider at least the following co-channel scenarios for FR1:
· Indoor office with dynamic TDD UL/DL assignment
· HetNet with Urban Macro and Indoor office deployed in the same carrier, and Macro gNBs use DL dominant static TDD UL/DL configuration. Both of the following options can be considered for this scenario.
· Option 1: Indoor gNBs use UL dominant static TDD UL/DL configuration
· Option 2: Indoor gNBs use dynamic TDD UL/DL assignment
Proposal 3: For evaluation of SBFD Deployment Case 4 (Adjacent-channel co-existence case), consider	Urban Macro (FR1) and Dense urban (FR1, FR2) as the main scenarios.
Proposal 4: For the traffic model and load levels assumed in the evaluation of SBFD Deployment Case 4, assume FTP3 traffic model with similar settings as agreed for SBFD deployment Case 1.
· DL and UL arrival rates that reach low (<10%), medium (20-30%) and high (~50%) RU can be determined for the single operator legacy TDD case, and those low/medium/high arrival rates can be independently configured for each operator and link direction in the adjacent-channel simulations based on company’s preference.

Proposal 5: For the UE clustering model adopted for Urban Macro and Dense Urban Macro, adopt the following additional parametrization as baseline:
· One cluster per cell (M=1). For the cluster dimensions, re-use the assumptions in TR 36.872 (LTE Small cell study) which are: R = 70m, Dmacro-to-cluster = 105m, Dinter-cluster= 2*R.
· For the number of UEs per Macro TRP, consider i) 10 or 20 UEs per cell for the case where each UE generate both UL and DL traffic (Option 2 as per RAN1#110 agreement) and ii) 20 or 40 UEs per cell for the case where each UE generate either UL or DL traffic (Option 1).
· For the UE height, consider 1.5 m for all UEs within the cluster. 

Observation 2: Unacceptable DL throughput performance (>90% degradation with full buffer traffic) is observed with SBFD when 80% of the UEs in each cell are placed in a cluster of 35 meter radius. With a cluster radius of 70 meter, performance degradation of 20% is observed. 
Proposal 6: Study the effect of non-linearities at the gNB receiver, and introduce NF increase model into SLS evaluation where the model defines NF increase as a function of peak input power. Use following piece-wise linear approximation with the parameter (a, b, SL1, SL2) as baseline, where the first and the second input threshold are a and b, with the slopes SL1 and SL2, respectively. Parameters of the model (a, b, SL1, SL2) can be further discussed in RAN1 or based on RAN4’s input. 
[bookmark: _Ref111111068]Annex A: Initial SBFD Simulation Results
Simulation results for co-channel scenario are presented in the following based on the agreements up to RAN WG1 #110 meeting, Deployment Case 1 is considered where one single operator is simulated and all the cells belonging to the operator use SBFD operation with the same SBFD subband configuration. The network layout corresponds to FR1 Urban Macro as defined in TR 38.901 with uniform UE distribution, while results with clustered UE distribution will be published in next RAN1 meeting. Static TDD is also simulated for comparison purposes, where a TDD radio frame configuration with DDDSU (S=[12D:2G:0U]) is assumed, while the SBFD frame configuration corresponds to XXXXX with X denoting a SBFD with ~20% UL RBs; this corresponds to ‘Alt 4’ agreed by RAN1 where the goal is to have the same UL/DL resource ratio between Legacy TDD and SBFD. FTP3 traffic model with symmetric payload sizes of 1 kB (small) is assumed and 0.1 MB (large). With respect to gNB antenna configurations, an antenna array of (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1) is assumed for TDD, while for SBFD both Opt 2 (same antenna gain) and Opt 3 (same antenna area) are considered (for Opt 3, the top and bottom 4 rows are used for SBFD transmission and reception, respectively). 
Three different levels of ratio of self-interference or RSI are considered: 135 dB, 145 dB dB, and 165 dB, where 45 dB are assuming to come from frequency isolation (ACIR) and the remaining corresponds to antenna isolation (80 dB) and other techniques, e.g. digital self-interference cancellation. Note that the case with RSI=165 dB is not considered realistic but is only simulated to understand the upper-bound performance. For the modelling of intra-site inter-sector gNB-gNB inter-subband interference, the same level of suppression as for RSI is assumed. Other simulation assumptions are found in Annex B.

UL UE throughput analysis (0.1 MB symmetric payload size)
Table 1 and Table 2 show the UL UE throughput performance with 0.1 MB payload and SBFD antenna size corresponding to Opt 2 (same antenna again) and Opt 3 (same antenna area), respectively. Starting with the results in Table A.1 (Opt2, same antenna gain), the main observation is that SBFD provides quite significant gains in the UL 5% cell-edge UE throughput of up to 400% for all the evaluated load conditions and for an RSI of 135 dB. In other percentiles, e.g. 50%-ile and 95%-ile, the benefits of SBFD are limited to low load only. At high load, significant worse system performance is obtained with SBFD (between -60% and -20% mean UE throughput degradation) even for close-to-ideal RSI level of 165 dB. It’s worth mentioning, that especially at high loads, the main source of performance degradation comes from the inter-site gNB-gNB inter-subband interference rather than the gNB self-interference. 
For Opt 3 (same antenna area), the overall performance gets significant worse as a consequence of worse beamforming gain especially in the elevation domain. In this case, gains are only observed at the 5%-ile and up to medium load only.
Observation A.1: For Opt 3 (same antenna area), the gains of SBFD are limited to the 5%-ile UL UE throughput and up to medium load only (up to 4x improvement @5%-ile). At medium and high load, SBFD reduces the average UE UL throughput by up to 60% even for high (close-to-ideal) RSI of 165 dB.
Observation A.2: For Opt 2 (same antenna gain), SBFD provide UL throughput gains across the 5%/50%/95%-iles for low and medium load conditions. For high load, the gains are limited to the 5%-ile only and average UE UL throughput reduction of 20%-60% (depending on RSI level) is observed.
Observation A.3: High UL throughput degradation of SBFD with both Opt 2 and Opt 3 SBFD antenna configuration is observed for high offered load of traffic even if high (close-to-ideal) RSI of 165 dB is assumed. In such load conditions, the main source of performance degradation comes from the inter-site gNB-gNB inter-subband interference rather than the gNB self-interference. 
[bookmark: _Ref115208775]Table A.1: UL throughput performance for different levels of RSI. Assumptions: Same antenna gain for SBFD and TDD (Opt 2), 0.1 MB payload size, XXXXX vs DDDSU. Green/red colors are shown to highlight performance gain or degradation exceeding 10%.
	 
	TDD
	SBFD - RSI: 135 dB
	SBFD - RSI: 145 dB
	SBFD - RSI: 165 dB

	Load
	Low 
	Medium
	High
	Low 
	Medium
	High
	Low 
	Medium
	High
	Low 
	Medium
	High

	5%-ile Average UL UPT [Mbps]
	0.76
	0.36
	0.14
	3.32 (336%)
	0.88 (144%)
	0.08 
(-42%)
	3.91 (414%)
	1.63 (352%)
	0.18 (28%)
	3.92 (415%)
	1.86 (416%)
	0.37 (164%)

	50%-ile Average UL UPT [Mbps]
	24.82
	19.24
	14.19
	26.05 (5%)
	13.54 
(-29%)
	1.72 
(-87%)
	27.32 (10%)
	18.58 
(-3%)
	6.22 
(-56%)
	28.17 (13%)
	20.58 (7%)
	10.42 
(-26%)

	95%-ile Average UL UPT [Mbps]
	36.04
	33.79
	29.24
	39.25 (9%)
	25.32 
(-25%)
	14.67 
(-49%)
	41.17 (41%)
	32 
(-5%)
	22.31 
(-23%)
	43.42 (20%)
	35.27 (4%)
	25 
(-14%)

	Mean Average UL UPT [Mbps]
	20.58
	17.58
	13.42
	24.13 (17%)
	13.62 (4.45%)
	4.45 
(-66%)
	25.67 (24%)
	17.39 
(-1%)
	8.8 
(-34%)
	26.63 (29%)
	19.66 (12%)
	11 
(-18%)



[bookmark: _Ref115208778]Table A.2: UL throughput performance for different levels of RSI. Assumptions: Same antenna area for SBFD and TDD (Opt 3), 0.1 MB payload size, XXXXX vs DDDSU. Green/red colors are shown to highlight performance gain or degradation exceeding 10%.
	 
	TDD
	SBFD - RSI: 135 dB
	SBFD - RSI: 145 dB
	SBFD - RSI: 165 dB

	Load
	Low 
	Medium
	High
	Low 
	Medium
	High
	Low 
	Medium
	High
	Low 
	Medium
	High

	5%-ile Average UL UPT [Mbps]
	0.76
	0.36
	0.14
	2.37 (211%)
	0.14 
(-61%)
	0.02 
(-86%)
	2.91 (282%)
	0.68 (89%)
	0.05 
(-64%)
	3.12 (310%)
	0.87 (142%)
	0.09 
(-35%)

	50%-ile Average UL UPT [Mbps]
	24.82
	19.24
	14.19
	22.05 
(-11%)
	6.30 
(-67%)
	0.37 
(-97%)
	24.28 
(-2%)
	11.27 
(-41%)
	6.22 
(-56%)
	24.74 (0%)
	13.96 
(-27%)
	2.11 
(-85%)

	95%-ile Average UL UPT [Mbps]
	36.04
	33.79
	29.24
	33.25 (7%)
	18.93 
(-43%)
	7.58 
(-74%)
	36.74 (2%)
	25.65 
(-24%)
	22.31 
(-23%)
	37.1 (3%)
	27.14 
(-19%)
	17.44 
(-40%)

	Mean Average UL UPT [Mbps]
	20.58
	17.58
	13.42
	20.28 
(-1%)
	7.8 
(-55%)
	1.68 
(-87%)
	22.12 (7%)
	12.27 
(-30%)
	8.8 
(-34%)
	23.01 (11%)
	14.42 
(-17%)
	5.6 
(-58%)



DL UE throughput analysis (0.1 MB symmetric payload size)
Table 3 shows the UE DL throughput performance for two SBFD antenna settings. Even if assuming similar ratio of DL and UL resources between TDD and SBFD, SBFD introduces a degradation of DL throughput of approximately 10 and 16% mean average UPT for antenna configuration Opt 2 and Opt 3, respectively. The main reasons for this degradation are the guard RBs between the DL and UL subbands resulting in increased overhead. Also, when looking at the 95%-ile average UPT performance, the degradation comes from the fact that the 0.1 MB payload can be downloaded over a single slot when TDD is assumed, while it needs at least 2 slots for SBFD as there are lower number of available DL RBs in the SBFD slots.
Observation A.4: Assuming similar ratio of DL resources for SBFD and TDD (XXXXX vs DDDSU), SBFD provides a degradation of DL throughput across all the percentiles of the Average DL UPT performance mainly as a consequence of the guardband (overhead) between DL and UL subbands. Degradation of up to 16% in average UPT is observed when same BS antenna area is assumed for both SBFD and TDD (Opt 3).
[bookmark: _Ref115251501]Table A.3: DL throughput performance for different antenna settings. Assumptions: 0.1 MB payload size, XXXXX vs DDDSU. Green/red colors are shown to highlight performance gain or degradation exceeding 10%.
	 
	TDD
	SBFD – same antenna gain (Opt 2)
	SBFD – same antenna area (Opt 3)

	Load
	Low 
	Medium
	High
	Low 
	Medium
	High
	Low 
	Medium
	High

	5%-ile Average UL UPT [Mbps]
	198
	139
	91
	195 
(-1.5%)
	131 
(-6%)
	79 
(-14%)
	171 
(-13.6%)
	112 
(-19%)
	62 
(-32%)

	50%-ile Average UL UPT [Mbps]
	412
	327
	254
	347 
(-16%)
	296 
(-9%)
	249 
(-2%)
	334 
(-19%)
	277 
(-15%)
	231 
(-9%)

	95%-ile Average UL UPT [Mbps]
	447
	424
	411
	369 
(-17.5%)
	355 
(-16%)
	344 
(-16%)
	369 
(-17.5%)
	355 
(-16%)
	344 
(-16%)

	Mean Average UL UPT [Mbps]
	365
	303
	258
	317 
(-13%)
	270 
(-11%)
	232 
(-10%)
	307 
(-16%)
	255 
(-16%)
	217 
(-16%)


UL and DL UE delay analysis (1 kB symmetric payload size):
[bookmark: _Hlk115256356]In Table 4 we show different UL delay statistics for the case of same antenna gain (Opt 2). Overall, SBFD significantly reduces the average UL packet delay experienced in the network, e.g. from 16.5 ms to <3.6 ms (~4x) reduction at low load and from 67.2 ms to <28 ms (2.4x) at medium load, while at high loads no benefits are observed in any of the evaluated percentiles. 
In DL direction (Table 5), SBFD also shows some latency improvement especially at the mean and the 95%-ile of the latency distribution. This is likely due to the faster HARQ round trip time due to more often UL PUCCH opportunities which brings significant latency reduction especially for packets that require many HARQ retransmissions (up to 6, as maximum). 
Observation A.5: SBFD significantly reduces the average UL packet delay experienced in the network, e.g. from 16.5 ms to <3.6 ms (~4x) reduction at low load and from 67.2 ms to <28 ms (2.4x) at medium load, while at high loads no benefits are observed for neither of 5%/50%/95%/mean packet delay statistics.
Observation A.6: SBFD significantly reduces the average and 95%-ile DL packet delay especially at low and medium loads of DL traffic. 
[bookmark: _Ref115255367]Table A.4: UL packet delay statistics. Assumptions: Same antenna gain for SBFD and TDD (Opt 2), 1 kB payload size, XXXXX vs DDDSU.
	 
	TDD
	SBFD - RSI: 135 dB
	SBFD - RSI: 145 dB
	SBFD - RSI: 165 dB

	Load
	Low 
	Medium
	High
	Low 
	Medium
	High
	Low 
	Medium
	High
	Low 
	Medium
	High

	5%-ile UL Packet Delay [ms]
	1.34
	1.4
	1.65
	1.18
	1.64
	1.93
	1.18
	1.41
	1.56
	1.17
	1.33
	1.45

	50%-ile UL Packet Delay [ms]
	3.2
	3.9
	7.5
	1.8
	4.5
	177.6
	1.8
	3.6
	8.2
	1.5
	3.4
	5.7

	95%-ile UL Packet Delay [ms]
	15
	274
	859
	15
	191
	1762
	11
	15
	1316
	11
	13
	1009

	Mean of UL Packet Delay [ms]
	16.5
	67.2
	120
	3.6
	57.5
	439
	3.6
	28
	239
	3
	20
	165

	Percentage of Unfinished UL Packets [%]
	0.5
	5
	18
	0
	4
	42
	0
	1.6
	24
	0
	1.1
	16



[bookmark: _Ref115258557]Table A.5: DL packet delay statistics. Assumptions: Same antenna gain for SBFD and TDD (Opt 2), 1 kB payload size, XXXXX vs DDDSU.
	 
	TDD
	SBFD – same antenna gain (Opt 2)

	Load
	Low 
	Medium
	High
	Low 
	Medium
	High

	5%-ile DL Packet Delay [ms]
	0.92
	0.93
	0.94
	0.95
	0.96
	0.96

	50%-ile DL Packet Delay [ms]
	1.25
	1.38
	1.64
	1.19
	1.27
	1.36

	95%-ile DL Packet Delay [ms]
	3.62
	318
	951
	3.1
	7.3
	567

	Mean of DL Packet Delay [ms]
	1.5
	55
	141
	1.33
	4.05
	82.6

	Percentage of Unfinished DL Packets [%]
	0
	2.9
	12.8
	0
	0.1
	6.4



Looking at the overall trends, we think at least 145 dB RSI and double number of antenna elements (Opt 2) is needed to achieve an acceptable tradeoff between uplink coverage gain and average system spectral efficiency degradation, especially at high load. This can be achieved by ~80 dB of spatial isolation, 42-45 dB ACIR, and 20-25 dB of other interference suppression techniques whose feasibility is still under discussion in RAN4.
Observation A.7: At least 145 dB of RSI and double number of BS antenna elements (Opt 2) are needed to achieve an acceptable performance with some tradeoffs between coverage gain and average system spectral efficiency degradation especially at high load.


Annex B: Detailed simulation assumptions for SBFD
[bookmark: _Ref111043115]Table 9: Simulation assumptions
	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
	52 dBm

	UE Tx power
	23 dBm

	UE position
	3D-UMa assumptions from TR 38.901/TR36.873: (80% indoor UE ratio located in buildings and uniformly distributed across floors)

	Traffic model
	FTP3 UL and DL traffic; 1 kB and 0.1 MB payload size

	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

UE-UE: TR 36.843 with penetration losses between UEs from TR 38.901 UMi for outdoor-indoor and outdoor-outdoor UE-UE links; TR 38.901 InH for indoor-indoor 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);

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

SBFD: 16 Tx/16 Rx antenna ports (Opt 2)
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 4);

dH = 0.5λ, dV = 0.8λ;
6 degree electrical tilt. No mechanical tilt 


	UE antenna configuration
	2 Tx/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 

	SCS 
	30 kHz 

	UE speed
	3 km/h for modeling fading channel 

	UE power control
	Open-loop power control with alpha = 0.9 and p0=-100

	DL/UL Transmission mode
	DL: Single user MIMO with rank 2
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 = [96, 4, 50, 4, 96] PRB assignment. “D”, “U” and “G” refers to downlink subband, uplink subband and guard bands, respectively.

	SBFD interference modeling
	RSI: 135 dB, 145 dB, 165 dB
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