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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#110bis-e [1], some further progress has been made on evaluation of evolution of NR duplex operation. In this contribution, we discuss some remaining issues on deployment scenarios, interference modelling, evaluation methodology, and performance metrics, etc. Some initial evaluation results are also provided.
2. Evaluation on evolution of NR duplex operation
2.1 Deployment scenario
In this section, the remaining issues on deployment scenarios for evaluation of subband non-overlapping full duplex (SBFD) and dynamic/flexible TDD enhancement are discussed.
2.1.1 SBFD Deployment Case 3-2
At RAN1#110bis-e [1], the SBFD Deployment Case 3-2 was discussed and the following agreement was achieved. In this contribution, we further discuss the details for SBFD Deployment Case 3-2.
	Agreement
For evaluation of SBFD Deployment Case 3-2, the following scenario is baseline for FR1:
· 2-layer Scenario B 
· Layer 1: Urban Macro
· Layer 2: Indoor office or Indoor factory
· Indoor factory is optional (Companies are to report the used layout.)
· Regarding the Indoor office layer, reuse the Indoor office (InH) scenario (i.e., open office in Table 7.2-2 in TR38.901) and relevant channel model in TR38.901.
· Regarding the Indoor factory layer, reuse the Indoor factory (InF) scenario (i.e., Table 7.2-4 in TR38.901) and relevant channel model in TR38.901.
· FFS: consider only one indoor office/factory dropped in the whole network
· Layer 1 uses legacy static TDD operation, Layer 2 uses SBFD operation. All the gNBs in Layer 2 use the same SBFD subband configuration.
· Other operations are not precluded and can be reported by companies, e.g., Layer 1 uses SBFD operation and Layer 2 uses legacy TDD operation
Companies can submit results for other scenarios


The cell layout for Deployment Case 3-2 can be generated using a similar method as in Table 5.2.2.1.3-1 of TR 38.828 [2]:
· Step 1: Drop an Urban Macro layer with hexagonal grid with 7 macro sites and 3 sectors per site with ISD = 500m.
· Step 2: Randomly drop an indoor office layer with 12 TRPs per  (m) throughout the macro geographical area considering the minimum distance between macro TRP to indoor office center, e.g., 100m, as shown in Fig. 1, where the cell layout for indoor office are referred to TR 38.901 Table 7.2-2 [3].
[image: ]
Fig. 1 Cell layout for SBFD Deployment Case 3-2 (HetNet scenario).

Note that, to simplify the simulation, only one indoor office can be considered. The interferences between multiple offices are small enough and can be ignored. So there is no differences between dropping one indoor office and dropping multiple indoor offices. In addition, 12 TRPs per  (m) is preferred because it can reflect the actual deployment scenario compared with 3 TRPs per  (m).
Proposal 1: For SBFD Deployment Case 3-2 (HetNet scenario), adopt the following 2-step method for the cell layout generation:
· Step 1: Drop an Urban Macro layer with hexagonal grid with 7 macro sites and 3 sectors per site with ISD = 500m;
· Step 2: Randomly drop an indoor factory/office layer with 12 TRPs per  (m) throughout the macro geographical area considering the minimum distance between macro TRP to indoor office center, e.g., 100m.

For UE distribution, the method for Urban Macro and indoor office in TR 38.802 Table A.2.1-1 [4] can be reused with some modifications, as below:
Proposal 2: For SBFD Deployment Case 3-2 (HetNet scenario), adopt the following method for UE distribution:
· Urban Macro layer:
· 10 users per macro TRP per direction, and all users are randomly and uniformly dropped within the macro cell;
· 20% outdoor in cars: speed with 30km/h, height with 1.5m; 
· 80% indoor in houses: speed with 3km/h, height with 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8);
· Indoor office layer:
· 10 users per indoor TRP, and all users are randomly and uniformly dropped within the building;
· 100% indoor in houses: speed with 3km/h, height with 1.5m.
· UE selected macro TRP or indoor TRP is determined based on the RSRP, i.e., the UE in the indoor office can select the macro cell as serving cell, and the UE outside the indoor office can select the indoor TRP as serving cell.

2.2 Interference modelling for SBFD
This section discusses the interference modelling for SBFD, including co-channel inter-subband CLI and adjacent-channel CLI.
2.2.1 Co-channel inter-subband CLI modelling
In RAN1#109-e [5], the gNB-gNB and UE-UE co-channel inter-subband CLI modelling were discussed. And two aspects should be considered in the CLI modelling at least, as follows.
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs to the non-allocated RBs in the same carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in the presence of the unwanted signals at the non-allocated RBs.
The following sub-sections discuss the inter-site gNB-gNB and UE-UE co-channel inter-subband CLI modelling, respectively.
2.2.1.1 Inter-site gNB-gNB co-channel inter-subband CLI modelling
In RAN1#110bis-e [1], the first aspect of inter-site gNB-gNB co-channel inter-subband CLI was modeled as in the following agreement. In this section, we further discuss its second aspect.
	Agreement
For SLS in RAN1, if both large scale fading and small scale fading are modelled for gNB-gNB co-channel channel model, the inter-site gNB-gNB co-channel inter-subband CLI signal across all Rx chains at UL RB  at victim gNB can be modeled as  where,
·  is the first part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at UL RB , caused by power leakage at aggressor gNB,
·  is the  channel matrix between aggressor gNB and victim gNB at UL RB , the beamforming of the aggressor gNB and the victim gNB can be taken into account by ,
·  is the unwanted emission across all Tx chains at UL RB  at aggressor gNB,
·  is the number of Tx chains at aggressor gNB,
· , , is modelled as white Gaussian noise,
·    is the total leakage power at UL RB  at aggressor gNB,
·  is the DL power transmitted across all Tx chains at one DL RB at aggressor gNB, ,
·  is the number of DL RBs scheduled for DL transmission by aggressor gNB,
·  is the total number of DL RBs in the DL subbands
·  is the  normalized identity matrix with unit norm, ,
· FFS whether  can be other values and corresponding conditions
· FFS for 
· Note:  and  are in linear scale. In RAN4 reply LS, gNB ACLR (i.e., ) is provided as the candidate for TX leakage, and gNB ACS (i.e., ) is provided as the candidate for Receiver impairment. 
· Note: the model is based on the assumption that the same transmission power across different DL RBs are used in SLS. This does not prevent companies to use other DL power allocation schemes in SLS.
· Note: This model is not applicable to the RBs in the guardband.
· Send LS to RAN4 to confirm RAN1’s understanding.
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Fig. 2 Inter-site gNB-gNB co-channel inter-subband CLI modelling.

The Aspect 2 of inter-site gNB-gNB co-channel inter-subband CLI is caused by receiver selectivity at gNB of victim. The inter-site gNB-gNB co-channel intra-subband CLI transmitted from gNB of aggressor and suffered by gNB of victim after passing the channel at DL subband will be suppressed by an anti-aliasing filter at gNB of victim. But there is still residual interferences on UL subband after downlink sampling, as shown in Fig. 2. Considering that filtering and down sampling are linear operation, so it should not be modeled as white Gaussian noise.
Based on the reply from RAN4 [6], the ACS can be used here to address the inter-site gNB-gNB co-channel inter-subband CLI modelling. So the inter-site gNB-gNB co-channel intra-subband CLI across all Rx chains at DL RB  at a gNB of victim can be modelled as

where,
·  is the channel between a gNB of aggressor and the gNB of victim at DL RB ,
·  is the precoder at DL RB  at the gNB of aggressor, where ,
·  is the symbol transmitted at DL RB  at the gNB of aggressor.
Using the ACS, the second part of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at UL RB  at the gNB of victim can be modelled as
,
where  is the gNB ACS and  is the total number of DL RBs in the DL subbands. Therefore, the corresponding covariance can then be derived as
,
where  is the DL power transmitted across all Tx chains at one DL RB at gNB of aggressor, , and  is the maximum gNB DL Tx power on DL subbands.
Based on the discussion above, the following is proposed.
Proposal 3: The second aspect of inter-site gNB-gNB co-channel inter-subband CLI can be modeled as follows:
· The second aspect of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at UL RB n, caused by receiver selectivity at gNB of victim, can be modeled as
,
where,
·  is the channel between gNB of aggressor and gNB of victim at DL RB ,
·  is the precoder at DL RB  at gNB of aggressor, ,
·  is the symbol transmitted at DL RB  at the gNB of aggressor,
·  is the total number of DL RBs in the DL subbands,
·  is the gNB ACS.
· And the covariance of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at UL RB  can be modeled as
,
where,
·  is the DL power transmitted across all Tx chains at one DL RB at gNB of aggressor, ,
·  is the maximum gNB DL Tx power on DL subbands.

2.2.1.2 Co-site inter-sector gNB-gNB co-channel inter-subband CLI modelling
Different from the inter-site gNB-gNB co-channel inter-subband CLI modelling, the channel between gNB of aggressor and gNB of victim are near-field if these two gNBs are co-site. On the other hand, the co-site inter-sector gNB-gNB co-channel inter-subband CLI can be suppressed by means of spatial separation, digital IC, beamforming nulling/isolation, etc. So the co-site inter-sector gNB-gNB co-channel inter-subband CLI modelling is more similar to gNB self-interference. Therefore, the gNB self-interference modelling method can be reused.
A new parameter, i.e., ratio of co-site inter-sector gNB-gNB co-channel inter-subband CLI (RCOSITE), is introduced to represent the co-site inter-sector gNB-gNB co-channel inter-subband CLI suppression capability of gNB. RCOSITE, denoted as , can be defined as the ratio of the total power transmitted by gNB of aggressor across all Tx chains on a DL RB in a SBFD carrier to the residual interference received by gNB of victim on a single Rx chain at a UL RB in the same SBFD carrier, where the gNB of aggressor and the gNB of victim are co-site but not co-sector.
So the co-site inter-sector gNB-gNB co-channel inter-subband CLI can be modeled white Gaussian noise, which is given as following proposal in detail.
Proposal 4: The co-site inter-sector gNB-gNB co-channel inter-subband CLI can be modeled as white Gaussian noise as follows:
· The co-site inter-sector gNB-gNB co-channel inter-subband CLI across all Rx chains at UL RB  at gNB of victim can be modeled as

where,
·  is the number of Rx chains at gNB of victim,
· , ,
·  is the power of co-site inter-sector gNB-gNB co-channel inter-subband CLI on each Rx chain at UL RB  at gNB of victim,
·  is the DL power transmitted across all Tx chains at one DL RB at gNB of aggressor, ,
·  is the maximum gNB DL Tx power on DL subbands,
·  is the total number of DL RBs in the DL subbands,
·  is the number of DL RBs allocated for DL transmission by gNB of aggressor,
·  is defined as the ratio of the total power transmitted by gNB of aggressor across all Tx chains on a DL RB in a SBFD carrier to the residual interference received by gNB of victim on a single Rx chain at a UL RB in the same SBFD carrier, where the gNB of aggressor and the gNB of victim are co-site but not co-sector.
· The covariance of co-site inter-sector gNB-gNB co-channel inter-subband CLI across all Rx chains at UL RB  can be modeled as .

2.2.1.3 UE-UE co-channel inter-subband CLI modelling
Different from the inter-site gNB-gNB co-channel inter-subband CLI, the UE-UE co-channel inter-subband CLI can be modeled by only considering the large fading of UE-UE channel. This is because the number of UE antennas is much smaller than that of gNB. The gains of some spatial domain techniques will be very small, e.g., IRC receiver, transmit beamforming, etc. So it is not important to model UE-UE co-channel inter-subband CLI based on the fast fading of UE-UE channel to evaluate its candidate handling schemes.
On the other hand, the UE-UE co-channel inter-subband CLI can be modeled based on IBE and ACS. And an equivalent frequency-flat model of IBE can be used here to simplify the simulation, although the IBE model is not frequency flat in practice. In our understanding, frequency-flat model and non-frequency-flat model of IBE have similar evaluation results, because there is almost no difference on effective SINR in SLS after LDPC coding (or link-to-system mapping in SLS) between these two models.
Another issue is how to determine the value of IBE with equivalent frequency-flat model. One potential solution is to send LS to RAN4 to determine this value. And another solution is to take the average value of IBE with non-frequency-flat model in liner scale.
As discussed above, the UE-UE co-channel inter-subband CLI can be modeled as inter-site gNB-gNB co-channel inter-subband CLI by replacing  and  with  and , respectively, where  is UE IBE with equivalent frequency-flat model and  is UE ACS. The details of UE-UE co-channel inter-subband CLI model is given in the following proposal.
Proposal 5: The UE-UE co-channel inter-subband CLI can be modeled as white Gaussian noise as follows:
· The UE-UE co-channel inter-subband CLI across all Rx chains at DL RB  at UE of victim can be modeled as

where,
·  is the number of Rx chains at UE of victim,
· , ,
·  is the power of UE-UE co-channel inter-subband CLI on each Rx chain at DL RB  at UE of victim,
·  is the UL power transmitted across all Tx chains at one UL RB at UE of aggressor,
·  is the total number of UL RBs in the UL subband,
·  is the number of UL RBs allocated for UL transmission by UE of aggressor,
·  is the coupling loss between the UE of aggressor and UE of victim,
·  is UE IBE with equivalent frequency-flat model,
·  is UE ACS, which are linear scale.
· The covariance of UE-UE co-channel inter-subband CLI across all Rx chains at DL RB  can be modeled as .
· Send LS to RAN4 to ask the value of .

2.2.2 Adjacent-channel CLI modelling
Similar to co-channel inter-subband CLI modelling, there are also two aspects should be considered in gNB-gNB and UE-UE adjacent-channel CLI modelling, as follows.
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs in one carrier to the non-allocated RBs in the adjacent carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in one carrier in the presence of the unwanted signals at the non-allocated RBs in the adjacent carrier.
The only difference between co-channel inter-subband CLI and adjacent-channel CLI is that the UL/DL subband are located in a same SBFD carrier for the former but the UL/DL subband are located in adjacent SBFD carriers for the latter. Therefore, we can reuse the modelling method for co-channel inter-subband CLI to model the adjacent-channel CLI with minor modifications:
· Inter-site gNB-gNB adjacent-channel CLI: reuse inter-site gNB-gNB co-channel inter-subband CLI model with different values of  and .
· Co-site co-sector and inter-sector gNB-gNB adjacent-channel CLI: reuse co-site inter-sector gNB-gNB co-channel inter-subband CLI model with different values of 
· UE-UE adjacent-channel CLI: reuse UE-UE co-channel inter-subband CLI model by replacing IBE and ACS with ACIR.
As discussed above, the following proposal can be obtained.
Proposal 6: For adjacent-channel CLI modelling, the co-channel inter-subband CLI modelling can be reused with minor modifications:
· The inter-site gNB-gNB adjacent-channel CLI can be modeled as inter-site gNB-gNB co-channel inter-subband CLI model with different values of ACLR and ACS.
· The co-site co-sector and inter-sector gNB-gNB adjacent-channel CLI can be modeled as co-site inter-sector gNB-gNB co-channel inter-subband CLI with different values of .
· The UE-UE adjacent-channel CLI can be modeled as UE-UE co-channel inter-subband CLI by replacing  with .

2.3 Evaluation methodologies, assumptions, and metrics
In this section, the remaining issues of evaluation methodologies, assumptions, and performance metrics are discussed in detail, including system level simulation, link level simulation and link budget.
2.3.1 System level simulation
The system level evaluation is essential to evaluate the performance of SBFD and dynamic/flexible TDD enhancement in different deployment scenarios. A remaining issue of evaluation metrics for system level simulation is discussed here.

· Blocking interference:
For SBFD and dynamic/flexible TDD enhancement, potential blocking issues should be considered for gNB. It is due to that the current gNB is using a wide band analogue filter before its low-noise amplifier (LNA). The signal received from the antenna firstly passes the filter. Assuming the filter is wideband, e.g. 100 MHz or 200 MHz depending on implementation, the DL signal will also pass the filter and be amplified by the LNA. If the received DL interference is too strong, the LNA will be saturated and the UL signals cannot be restored.
Therefore, the blocking of gNB suffered by other gNBs should be evaluated in system level simulation with presentation of CDF. The definition of blocking from gNB  to gNB  on each Rx chain can be given as follows.
,
where,
·  is the total DL transmit power across all Tx chains at gNB .
·  is the channel between gNB  to gNB  at DL RB .
·  is the precoder at gNB  at DL RB , .
·  is the number of Rx chains for gNB .
And the blocking of gNB  suffered by all other gNB on each Rx chain can be obtained as follows:

The blocking issue can also be occurred at the UE side. It should also be evaluated by a similar method.
Proposal 7: The blocking interference of gNB suffered by other gNBs should be evaluated in system level simulation with the definition provided as follows:

where,
·  is the blocking of gNB  suffered by all other gNB on each Rx chain.
·  is the blocking from gNB  to gNB  on each Rx chain.
·  is the total DL transmit power across all Tx chains at gNB .
·  is the channel between gNB  to gNB  at DL RB .
·  is the precoder at gNB  at DL RB , .
·  is the number of Rx chains for gNB .

2.3.2 Link level simulation and link budget analysis
2.3.2.1 Evaluation methodology and assumptions
Compared to system level simulation, link level simulation reflect the realistic end-to-end physical layer performance in a more straightforward manner, since the demodulation performance can be evaluated based on realistic channel estimation, interference estimation and receiver algorithms considering the impact of CLI. Moreover, the expected benefits of SBFD and dynamic/flexible TDD enhancement can only be achievable if the interferences are suppressed or mitigated. Therefore, the link level simulation is an important tool to evaluate the feasibility and performance of SBFD and potential enhancement to dynamic/flexible TDD.
Proposal 8: The link level simulation is used to evaluate link level algorithm for SBFD and dynamic/ flexible TDD enhancement, such as candidate schemes for interference suppression (e.g., IRC and SIC receiver, etc.), realistic demodulation performance due to interferences, etc.

In addition, coverage enhancement is the one of the expected potential benefits of SBFD. The evaluation methodology used in Rel-17 NR coverage enhancement in TR 38.830 [7] can be reused here, as given in the following proposal.
Proposal 9: The link level simulation and link budget are used to evaluate coverage performance for SBFD. The basic evaluation methodology for coverage is based on link level simulation and link budget, and articulated in 2 steps. The evaluation assumptions for step 1 are provided in Table C.1. Link budget template for step 2 for SBFD is provided in Table C.2.
· Step 1: Obtain the required SINR for the physical channels under target scenarios and service/ reliability requirements. Simulations have been conducted neglecting:
· Constraints imposed by certain beamforming implementation, such as the possibility to simultaneously receive or transmit with maximum gain in more than one direction;
· PTRS overhead and compensation algorithms.
· Step 2: Obtain the baseline performance based on required SINR and link budget template.

To evaluate the coverage performance of SBFD, the following interferences should be considered at least: gNB self-interference, co-site inter-sector gNB-gNB CLI, inter-site gNB-gNB CLI, and UE-UE CLI. The agreed interference models in SLS can be reused for LLS. The legacy interferences can be considered in LLS or not, because the legacy interferences are the same in TDD and SBFD, and therefore, they are not the major factors affecting the coverage performance of SBFD. One issue is how many interferences should be considered in LLS. Taking UMa scenario as an example, one gNB self-interference, two co-site inter-sector gNB-gNB CLIs, and four inter-site gNB-gNB CLIs can be considered, as shown in Fig. 3, where each victim cell has two co-site inter-sector aggressor cells and four aggressor cells which are oriented towards the victim cell.
Proposal 10: To evaluate the coverage performance of SBFD, the gNB self-interference, co-site inter-sector gNB-gNB CLI, inter-site gNB-gNB CLI, and UE-UE CLI should be taken account in LLS at least.
· The agreed interference models in SLS can be reused for LLS.
· One gNB self-interference, two co-site inter-sector gNB-gNB CLIs, and four inter-site gNB-gNB CLIs can be considered in LLS.
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Fig. 3 Layout of Urban Macro and Dense Urban Macro layer.
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Fig. 4 Layout of InH scenarios.
2.3.2.2 Evaluation metrics
Regarding to evaluation of coverage, the metrics of MCL, MIL, and MPL defined in TR 38.830 [7] for Rel-17 NR coverage enhancement can be reused. The definitions are listed as following proposal.
Proposal 11: Adopt the metrics of MCL, MIL, and MPL for evaluation on coverage performance of Rel-18 NR duplex operation. The definition of these metrics are given as follows.
· Definition of MCL:
· MCL = Total transmit power – Receiver sensitivity + gNB antenna gain (component 2).
· More details can be found in the link budget template shown in Annex C.
· Definition of MIL:
· MIL = Total transmit power – Receiver sensitivity – Tx loss – Rx loss + gNB antenna gain (component 2 + 3 + 4) + UE antenna gain.
· More details can be found in the link budget template shown in Annex C.
· Definition of MPL:
· MPL = MIL – Shadow fading margin + BS selection/macro-diversity gain – Penetration margin + Other gains.
· More details can be found in the link budget template shown in Annex C.

2.4 Evaluation results for SBFD
This section provides the evaluation results for SBFD under Deployment Case 1 based on the evaluation methodologies, assumptions, and performance metrics discussed above, and meanwhile, demonstrates some potential solutions for SBFD.
2.4.1 Link budget results for interference
The initial link budget results for interferences are given in this section under four scenarios: indoor office, Dense Urban Macro layer, Urban Macro, and HetNet.
2.4.1.1 Indoor office scenario
The (inter-site) gNB-gNB co-channel inter-subband or adjacent-channel CLI (referred as gNB-gNB CLI for simple), UE-UE co-channel inter-subband or adjacent-channel CLI (referred as UE-UE CLI for simple), gNB self-interference, and blocking interference for InH are discussed.
· gNB-gNB co-channel inter-subband or adjacent-channel CLI:
The layout of InH scenarios in TR 38.901 [3] is shown in Fig. 4. And the initial link budgets for UE-gNB UL signal and gNB-gNB CLI are given in Table 1 and 2, respectively, where 4GHz carrier frequency and 100MHz bandwidth are assumed, and only the gNB-gNB CLIs from 5 nearest interfering cells around the center cell are considered. Comparing Table 1 and 2, the gNB-gNB CLI is far less than the uplink signal in small cells. Therefore, a high UL SINR of small cells can be obtained in such a scenario even with gNB-gNB CLI.
Observation 1: For InH, (inter-site) gNB-gNB co-channel inter-subband or adjacent-channel CLI is far less than UE-gNB UL signal. And therefore, a high UL SINR can be obtained even with the gNB-gNB CLI.

Table 1: Initial link budget for UE-gNB UL signal in InH.
	Distance (m)
	3
	8
	12

	TX power (dBm)
	23
	23
	23

	TX/RX antenna array gain (dB)
	0/5
	0/5
	0/5

	Shadow fading (dB)
	-6
	-6
	-6

	Path loss (dB)
	-53.5
	-60.2
	-63.2

	Received UL signal strength (dBm)
	-31.5
	-38.2
	-41.2

	Noise power (dBm) with 5dB noise figure
	-89
	-89
	-89

	UL signal to noise ratio (SNR) (dB)
	57.5
	50.8
	47.8



Table 2: Initial link budget for gNB-gNB CLI in InH.
	Distance (m)
	20
	28.3

	TX power (dBm)
	24
	24

	TX/RX antenna array gain (dB)
	5/5
	5/5

	ACLR (dB)
	-45
	-45

	Shadow fading (dB)
	-6
	-6

	Path loss (dB)
	-66.9
	-69.9

	Received interference strength (dBm)
	-83.9
	-86.6

	Noise power (dBm) with 5dB noise figure
	-89
	-89

	Interference to noise ratio (dB)
	5.1
	2.4

	Interference to noise ratio of 5 nearest interfering cells (dB)
	11.2



· UE-UE co-channel inter-subband or adjacent-channel CLI:
The initial link budgets for gNB-UE DL signal and UE-UE CLI are given in Table 3 and 4, respectively. It can be observed that the UE-UE CLI is far less than the gNB-UE DL signal, i.e., 15dB+ SINR. So the DL SINR is still acceptable even with the UE-UE CLI.
Observation 2: For InH, UE-UE co-channel inter-subband or adjacent-channel CLI is much less than gNB-UE DL signal. The DL SINR is acceptable even with the UE-UE CLI.

Table 3: Initial link budget for gNB-UE DL signal in InH.
	Distance (m)
	3
	8
	12

	TX power (dBm)
	24
	24
	24

	TX/RX antenna array gain (dB)
	5/0
	5/0
	5/0

	Shadow fading (dB)
	-6
	-6
	-6

	Path loss (dB)
	-53.5
	-60.2
	-63.2

	Received DL signal strength (dBm)
	-30.5
	-37.2
	-40.2

	Noise power (dBm) with 9dB noise figure
	-85
	-85
	-85

	UL signal to noise ratio (SNR) (dB)
	54.5
	47.8
	44.8



Table 4: Initial link budget for UE-UE CLI in InH.
	Distance (m)
	1
	3
	5

	TX power (dBm)
	23
	23
	23

	TX/RX antenna array gain (dB)
	0/0
	0/0
	0/0

	ACLR (dB)
	-30
	-30
	-30

	Shadow fading (dB)
	-6
	-6
	-6

	Path loss (dB)
	-44.4
	-52.7
	-56.5

	Received interference strength (dBm)
	-57.4
	-65.7
	-69.5

	Noise power (dBm) with 9dB noise figure
	-85
	-85
	-85

	Interference to noise ratio (dB)
	27.6
	19.3
	15.5



· gNB self-interference:
The initial link budget for gNB self-interference for InH is given in Table 5. It can be observed that a high gNB self-interference to noise ratio (23dB) is obtained even with -45dB antenna separation. So further study on gNB self-interference suppression is needed, such as antenna separation, subband filter, etc.
Observation 3: For InH, it suffers from large gNB self-interference.

Table 5: Initial link budget for gNB self-interference in InH.
	TX power (dBm)
	24

	Antenna isolation (dB)
	-45

	RX power (dBm)
	-21

	ACLR (dB)
	-45

	gNB self-interference strength (dBm)
	-66

	Noise power (dBm) with 5dB noise figure
	-89

	gNB self-interference to noise ratio (dB)
	23



· Blocking interference:
The blocking requirement for small cell and UE is -35dBm and -55/-44dBm (Case 1/Case 2) as defined in RAN4. The initial link budget for gNB-gNB and UE-UE blocking interferences for InH is given in Table 6. It shows that the blocking power could be as high as -32.8 dBm and -27.4 dBm which is well above the typical blocking signal strength level. So the blocking issue needs to be further studied in InH.
Observation 4: For InH, it suffers from serious gNB-gNB blocking interferences and UE-UE blocking interferences.

Table 6: Initial link budget for gNB-gNB and UE-UE blocking interferences in InH.
	
	gNB-gNB blocking
	UE-UE blocking

	Distance (m)
	20
	28.3
	1
	3

	TX power (dBm)
	24
	24
	23
	23

	TX/RX antenna array gain (dB)
	5/5
	5/5
	0/0
	0/0

	Shadow fading (dB)
	-6
	-6
	-6
	-6

	Path loss (dB)
	-66.9
	-69.6
	-44.4
	-52.7

	RX power (dBm)
	-38.9
	-41.6
	-27.4
	-35.7

	RX power (dBm) from 5 nearest interfering cells
	-32.8
	--


As discussed above, the following proposal can be obtained in InH.
Proposal 12: Capture the link budget results in Table 1-6 and the following observations into TR 38.858:
· (Inter-sector) gNB-gNB co-channel inter-subband or adjacent-channel CLI and UE-UE co-channel inter-subband or adjacent-channel CLI can be negligible in InH.
· Further enhancements are required to suppress gNB self-interference in InH.
· Further enhancements are required to handle the gNB-gNB and UE-UE blocking interferences in InH.

2.4.1.2 Dense Urban Macro layer scenario
For Dense Urban Macro layer, the results for UE-UE CLI are same as InH. So we only focus on three types of interference: gNB-gNB CLI, gNB self-interference, and blocking interference.
· gNB-gNB co-channel inter-subband or adjacent-channel CLI:
The initial link budget for UE-gNB UL signal and gNB-gNB CLI in Dense Urban Macro layer is given in Table 7 and Table 8, respectively, where 4 nearest interfering cells around the center cell are considered, as shown in Fig. 3. It can be observed that the gNB-gNB CLI is comparable with the UE-gNB UL signal. So we should study IRC and/or SIC receiver to suppress the interference in this scenario.
Observation 5: In Dense Urban Macro layer, (inter-site) gNB-gNB co-channel inter-subband or adjacent-channel CLI is comparable with UE-gNB UL signal.

Table 7: Initial link budget for UE-gNB UL signal in Dense Urban Macro layer.
	Distance (m)
	40
	80
	120

	TX power (dBm)
	23
	23
	23

	TX/RX antenna array gain (dB)
	0/8
	0/8
	0/8

	Shadow fading (dB)
	-6
	-6
	-6

	Path loss (dB)
	-76.7
	-82.3
	-86

	Received UL signal strength (dBm)
	-51.7
	-57.3
	-61

	Noise power (dBm) with 5dB noise figure
	-89
	-89
	-89

	UL signal to noise ratio (SNR) (dB)
	37.3
	31.7
	28.0



Table 8: Initial link budget for gNB-gNB CLI in Dense Urban Macro layer.
	Distance (m)
	200

	TX power (dBm)
	53

	TX/RX antenna array gain (dB)
	8/8

	ACLR (dB)
	-45

	Shadow fading (dB)
	-6

	Path loss (dB)
	-90.7

	Received interference strength (dBm)
	-72.7

	Noise power (dBm) with 5dB noise figure
	-89

	Interference to noise ratio (dB)
	16.3

	Interference to noise ratio of 4 nearest interfering cells (dB)
	22.4



· gNB self-interference:
The initial link budget for gNB self-interference is given in Table 9. Similar as InH scenarios, the gNB self-interference is very large to deteriorate the UE-gNB UL signal, even with -45dB antenna separation. So we should further study the method to handle the gNB self-interference in Dense Urban Macro layer, such as antenna separation, subband filter, etc.
Observation 6: In Dense Urban Macro layer, it suffers from large gNB self-interference.

Table 9: Initial link budget for gNB self-interference in Dense Urban Macro layer.
	TX power (dBm)
	53

	Antenna isolation (dB)
	-45

	RX power (dBm)
	8

	ACLR (dB)
	-45

	gNB self-interference (dBm)
	-37

	Noise power (dBm) with 5dB noise figure
	-89

	gNB self-interference to noise ratio (dB)
	52



· Blocking interference:
The initial link budget for gNB-gNB and UE-UE blocking interferences in Dense Urban Macro layer is given in Table 10. It shows that the blocking power could be as high as -21.6 dBm and -35.7 dBm which is well above the typical blocking signal strength level. So it is a serious issue need us to further study in such a scenario.
Observation 7: In Dense Urban Macro layer, it suffers from serious gNB-gNB and UE-UE blocking interferences.

Table 10: Initial link budget for gNB-gNB and UE-UE blocking interfernces in Dense Urban Macro layer.
	
	gNB-gNB blocking
	UE-UE blocking

	Distance (m)
	200
	3

	TX power (dBm)
	53
	23

	TX/RX antenna gain (dB)
	8/8
	0/0

	Shadow fading (dB)
	-6
	-6

	Path loss (dB)
	-90.7
	-52.7

	RX power (dBm)
	-27.7
	-35.7

	RX power (dBm) from 4 nearest interfering cells
	-21.6
	--



As discussed above, the following proposal can be obtained in this scenario.
Proposal 13: Capture the link budget results in Table 7-10 and the following observations into TR 38.858:
· UE-UE co-channel inter-subband or adjacent-channel CLI can be negligible in Dense Urban Macro layer.
· Further enhancements are required to handle (inter-sector) gNB-gNB co-channel inter-subband or adjacent-channel CLI in Dense Urban Macro layer.
· Further enhancements are required to handle gNB self-interference in Dense Urban Macro layer.
· Further enhancements are required to handle the gNB-gNB and UE-UE blocking interferences in Dense Urban Macro layer.

2.4.1.3 Urban Macro scenario
For UMa, the results for UE-UE CLI are same as InH, and the results for gNB self-interference are same as Dense Urban Macro layer. So we only focus on the gNB-gNB CLI and blocking interferences here.
· gNB-gNB co-channel inter-subband or adjacent-channel CLI:
The initial link budget for UE-gNB UL signal and gNB-gNB CLI in UMa is given in Table 11 and Table 12, respectively, where 4 nearest interfering cells around the center cell are considered, as shown in Fig. 3. It can be observed that the gNB-gNB CLI is comparable with the UE-gNB UL signal. So we should study IRC and/or SIC receiver to suppress the interference in this scenario.
Observation 8: In UMa, (inter-site) gNB-gNB co-channel inter-subband or adjacent-channel CLI is comparable with UE-gNB UL signal.

Table 11: Initial link budget for UE-gNB UL signal in UMa.
	Distance (m)
	100
	200
	300

	TX power (dBm)
	23
	23
	23

	TX/RX antenna array gain (dB)
	0/8
	0/8
	0/8

	Shadow fading (dB)
	-6
	-6
	-6

	Path loss (dB)
	-84.3
	-90.7
	-94.6

	Received UL signal strength (dBm)
	-59.3
	-65.7
	-69.6

	Noise power (dBm) with 5dB noise figure
	-89
	-89
	-89

	UL signal to noise ratio (SNR) (dB)
	29.7
	23.3
	19.4



Table 12: Initial link budget for gNB-gNB CLI in UMa.
	Distance (m)
	500

	TX power (dBm)
	53

	TX/RX antenna array gain (dB)
	8/8

	ACLR (dB)
	-45

	Shadow fading (dB)
	-6

	Path loss (dB)
	-99.4

	Received interference strength (dBm)
	-81.4

	Noise power (dBm) with 5dB noise figure
	-89

	Interference to noise ratio (dB)
	7.6

	Interference to noise ratio of 4 nearest interfering cells (dB)
	13.6



· Blocking interference:
The initial link budget for gNB-gNB and UE-UE blocking interference in UMa is given in Table 13. It shows that the blocking power could be as high as -30.4 dBm and -35.7 dBm which is well above the typical blocking signal strength level. So it is a serious issue need us to further study in such a scenario.
Observation 9: In UMa, it suffers from serious gNB-gNB and UE-UE blocking interferences.

Table 13: Initial link budget for gNB-gNB and UE-UE blocking interferences in UMa.
	
	gNB-gNB blocking
	UE-UE blocking

	Distance (m)
	500
	3

	TX power (dBm)
	53
	23

	TX/RX antenna gain (dB)
	8/8
	0/0

	Shadow fading (dB)
	-6
	-6

	Path loss (dB)
	-99.4
	-52.7

	RX power (dBm)
	-36.4
	-35.7

	RX power (dBm) from 4 nearest interfering cells
	-30.4
	--



As discussed above, the following proposal can be obtained in this scenario.
Proposal 14: Capture the link budget results in Table 11-13 and the following observations into TR 38.858:
· UE-UE co-channel inter-subband or adjacent-channel CLI can be negligible in UMa.
· Further enhancements are required to handle (inter-sector) gNB-gNB co-channel inter-subband or adjacent-channel CLI in UMa.
· Further enhancements are required to handle gNB self-interference in UMa.
· Further enhancements are required to handle the gNB-gNB and UE-UE blocking interferences in UMa.

2.4.1.4 HetNet scenario
For HetNet, two extra types of interference are suffered, i.e., gNB-gNB co-channel intra-subband CLI (referred as intra-subband gNB-gNB CLI for simplicity) and UE-UE co-channel intra-band CLI (referred as intra-subband UE-UE CLI for simplicity). Considering low TX power of UE and high penetration, the intra-subband UE-UE CLI can be negligible compared with legacy DL interference. So we only focus on intra-subband gNB-gNB CLI.
The link budget results for intra-subband gNB-gNB CLI from UMa layer to InH layer is given in Table 14. It can be observed that the intra-subband gNB-gNB CLI is comparable with the UE-gNB UL signal in InH layer given in Table 1. The intra-subband gNB-gNB CLI can be eliminated by applying IRC or SIC receiver as discussed in our companion paper.
Observation 10: In HetNet, gNB-gNB co-channel intra-subband CLI from UMa layer to InH layer is comparable with UE-gNB UL signal in InH layer.
Proposal 15: Capture the link budget results in Table 14 and the following observations into TR 38.858:
· UE-UE co-channel intra-subband CLI can be negligible in HetNet.
· Further enhancements are required to suppress the gNB-gNB co-channel intra-subband CLI in HetNet.

Table 14: Initial link budget for intra-sbband gNB-gNB CLI in HetNet.
	Distance (m)
	50
	100
	200

	TX power (dBm)
	53
	53
	53

	TX/RX antenna array gain (dB)
	8/5
	8/5
	8/5

	Penetration loss (dB)
	-28.0
	-28.0
	-28.0

	Shadow fading(dB)
	-6
	-6
	-6

	Path loss outdoor (dB)
	-78.4
	-84.3
	-90.7

	Path loss indoor (dB)
	-2.5
	-2.5
	-2.5

	Received interference strength (dBm)
	-48.9
	-54.8
	-61.2

	Noise power (dBm) with 5dB noise figure
	-89
	-89
	-89

	Interference to noise ratio (dB)
	40.1
	34.2
	27.8


2.4.2 System-level evaluation results
The initial system-level simulation results under Dense Urban Macro layer and Urban Macro scenarios are provided. Following alternatives are evaluated based on the agreements in RAN1#109-e [5].
· Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
· Alt 4 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#3 (XXXXX), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
· Alt 1 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#1 (DXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
The evaluation assuptions in the agreements of RAN1#110 [8] and RAN1#110bis-e [1] are used, and folloing prameters should be noted.
· Deplyment:
· UE clustering is considered.
· Only FR1 is evaluated.
· Traffic model:
· Option 2: Each UE is assigned both UL traffic and DL traffic;
· Option 1: Sysmmetric packet size with FTP packet size of 0.5Mbytes for DL/UL;
· Low DL/UL RU, medium DL/UL RU, and high DL/UL RU are evaluated.
· Interference modeling: 
· Legacy interferences are modeled.
· Non-legacy interferences: 
· gNB self-interference is modeled as 1dB receiver sensitivity degradation;
· Co-site inter-sector gNB-gNB co-channel inter-subband CLI is modeled with 0.8dB receiver sensitivity degradation;
· Inter-sector gNB-gNB co-channel iner-subband CLI: the aspect 1 is modeled with dB; the aspect 2 is not modeled;
· UE-UE co-channel inter-subband CLI: both aspect 1 and aspect 2 are modeled with  = 30dB.
· Channel modeling:
· gNB-UE channel is modeled with both large fading and fast fading;
· gNB-gNB channel is modeled with both large fading and fast fading;
· UE-UE channel is modeled with only large fading: Option 2 is used.

· Antenna configuation:
· Legacy TDD:
· 64Tx/64Rx, (M, N, P, Mg, Ng; Mp, Np) =(12, 8, 2, 1, 1; 4, 8);
· (dH, dV) = (0.5, 0.8)λ, +45°, -45° polarization;
· SBFD: SBFD antenna configuration option-2 (Method 2-2) is used,
· U/D/X slot: 64Tx/64Rx;
· For each antenna group (M, N, P, Mg, Ng ) = (12, 8, 2, 1, 1; 4, 8);
· (dH, dV) = (0.5, 0.8)λ, +45°, -45° polarization.
· Power control:
· Total transmit power per TRxP over system bandwidth:
· 53 dBm per TRxP over 100MHz for both Dense Urban Macro layer scenaro and Urban Macro scenario;
· For SBFD, power boost on SBFD slots is considered;
· Total transmit power per UE over system bandwidth:
· Dense Urban Macro layer sceanrio: P0 = -86dBm, alpha = 0.9;
· Urban Macro scenario: P0 = -81dBm, alpha = 0.8.
· Transmission scheme: MU-MIMO for both UL and DL transmission.
· Maximum MU layer: 12;
· Maximum SU layer: 2.
· Channel estimation: ideal.
· Receiver:
· Baseline: MMSE-IRC for both DL and UL, which only suppresses the legacy interference;
· For comparison: E-MMSE-IRC provided in our contribution [8] only for UL, which suppresses the legacy intereference and inter-site gNB-gNB CLI;
· Without CLI: Assume that the inter-site gNB-gNB CLI, co-site inter-sector gNB-gNB CLI, and gNB self-interference are suppressed completed; it provides the performance upper limit;
· Subband configuration for system bandwidth: DUD with <ND, NU, NG> = <104, 55, 5>.
And finally, the following performance metrics are provided.
· Type-2 RU for UL and DL.
· Average-UPT {mean, 5%} for UL and DL;
· gNB blocking interference.

2.4.2.1 Dense Urban Macro layer scenario
· UL Average-UPT:
The UL Average-UPT for Dense Urban Macro layer scenario is shown in Fig. 5, and the corresponding UL SNR, legacy UL INR, and ratio of gNB-gNB CLI to noise (denoted as CLI/N) are shown in Fig. 6. The following can then be observed:
· The gNB-gNB CLI is comparable to UL interferences at X slots caused by gNB DL transmissions, regardless of low RU, medium RU or high RU, as shown in Fig. 6.
· Under each RU, E-MMSE-IRC receiver can suppress both legacy UL interferences and gNB-gNB CLI, but MMSE-IRC receiver can only suppress the legacy UL interferences. So E-MMSE-IRC receiver have a better performance than MMSE-IRC receiver, and it is much closer to the upper gain limit that the gNB-gNB CLI is assumed to be suppressed completely, as shown in Fig. 5.
· For mean UL Average-UPT, E-MMSE-IRC receiver is much closer to the theoretical one obtained by increased UL resources for SBFD than MMSE-IRC receiver, e.g., 80% mean UL Average-UPT gain for XXXXU, and 60% mean UL Average-UPT gain for DXXXU.
· Note: the gains of mean UL Average-UPT can be ~30% for XXXXX; it is much higher than the theoretical one, i.e., 0% mean UL Average gain for XXXXX. This is because the scheduled resources will be limited due to the limitation of the maximum transmit power of UE, but SBFD has more opportunity to transmit UL signals than TDD.
· For 5% UL Average-UPT, E-MMSE-IRC receiver provides more significant UL coverage gain than MMSE-IRC receiver. This is because the coverage limited UEs has lower SINR than UEs without coverage limitations. So the potential benefit of E-MMSE-IRC receiver is much larger than MMSE-IRC receiver.
· From low RU to high RU, the legacy UL interference and gNB-gNB CLI is getting more severe, as shown in Fig. 6.
· For mean UL Average-UPT, the gains obtained by MMSE-IRC are always lower than that of E-MMSE-IRC, regardless of low RU or high RU.
· For 5% UL Average-UPT, the E-MMSE-IRC can achieve more gains than MMSE-IRC from low RU to high RU. This is because the gNB-gNB CLI dominates the interference for coverage limited UEs. So the potential benefit of E-MMSE-IRC receiver is much larger than MMSE-IRC receiver in this case.
· Form low RU to high RU, the coverage gains for E-MMES-IRC will be less than the theoretical one. This is because the gNB self-interference and co-site inter-sector gNB-gNB CLI will be increased from low RU to high RU, and these interferences cannot be suppressed by E-MMSE-IRC.
As discussed above, the following observations and proposals can be obtained.
Observation 11: Under Dense Urban Macro layer scenario, the inter-site gNB-gNB co-channel inter-subband CLI is comparable to the UL interference at SBFD slots suffered by gNB.
Observation 12: Under Dense Urban Macro layer scenario, E-MMSE-IRC receiver achieves mean UL Average-UPT closer to the theoretical one under each frame structures for SBFD than MMSE-IRC receiver, as well as more significant UL coverage gain than MMSE-IRC receiver, especially in the case of high RU.
Proposal 16: Capture the system level simulation results in Fig. 5-6 under Dense Urban Macro layer scenario and the following observations into TR 38.858:
· E-MMSE-IRC receiver to suppress the inter-site gNB-gNB co-channel inter-subband CLI should be studied.
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(a) Low RU for both UL and DL (<10%);
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(b) Medium RU for both UL and DL (20%-30%);
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(c) High RU for both UL and DL (~50%);
Fig. 5 UL Average-UPT under Dense Urban Macro layer scenario.
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(a) Low RU (<10%);       (b) Medium RU (20%-30%);       (c) High RU (~50%);
Fig. 6 UL PUSCH interference-noise analysis under Dense Urban Macro layer scenario.

· DL Average-UPT:
The DL Average-UPT for Dense Urban Macro layer scenario is shown in Fig. 7, and the corresponding DL SNR, legacy DL INR, and ratio of UE-UE CLI to noise (denoted as CLI/N) are shown in Fig. 8. The following results can then be observed:
· The legacy DL interferences dominate the DL interferences at X slots suffered by gNB, but not UE-UE CLI, regardless of low RU, medium RU or high RU, as shown in Fig. 8.
· The DL performances lost are mainly caused by DL resources reduction.
· Compared with the upper limit of gain that the UE-UE CLI is assumed to be suppressed completely, the mean DL Average-UPT is only lost slightly but the 5% DL Average-UPT will be lost dramatically in the case of MMSE-IRC receiver. Therefore, the UE-UE CLI still impacts on the DL coverage although the UE-UE CLI does not dominate the DL interferences.
As discussed above, the following observations and proposals can be obtained.
Observation 13: Under Dense Urban Macro layer scenario, the legacy DL interferences dominate the DL interference at SBFD slots suffered by gNB, but not the UE-UE co-channel inter-subband CLI.
Observation 14: Under Dense Urban Macro layer scenario, the DL performance lost is mainly caused by DL resources reduction, and the DL coverage will be lost even though the UE-UE co-channel inter-subband CLI does not dominate the DL interferences.
Proposal 17: Capture the system level simulation results in Fig. 7-8 under Dense Urban Macro layer scenario and the following observations into TR 38.858:

· gNB blocking interference:
Taking frame structure “XXXXX” as an example, the blocking interferences at gNB sides are shown in Fig. 9. The blocking requirement for Macro cell is -43dBm, but the gNB-gNB co-channel intra-subband CLI power received by gNB almost always exceed this requirement under Dense Urban Macro layer scenario for medium RU and high RU, and exceed this requirement with 25% probability for low RU. Therefore, the blocking issues under Dense Urban Macro layer scenario is serious at gNB side. Several potential solutions should be considered as discussed in [8], e.g., coordinated beamforming, etc.
Observation 15: Under Dense Urban Macro layer scenario, the blocking issue is serious at gNB sides.
· The gNB-gNB co-channel intra-subband CLI almost always exceed the blocking requirement (-43dBm) for medium RU and high RU, and exceed this requirement with 25% probability for low RU.
Proposal 18: Capture the system level simulation results in Fig. 9 under Dense Urban Macro layer scenario and the following observations into TR 38.858:
· Several potential solutions to suppress blocking interferences should be considered, e.g., coordinated beamforming, etc.
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(a) Low RU for both UL and DL (<10%);
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(b) Medium RU for both UL and DL (20%-30%);
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(c) High RU for both UL and DL (~50%);
Fig. 7 DL Average-UPT under Dense Urban Macro layer scenario.
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(a) Low RU (<10%);       (b) Medium RU (20%-30%);       (c) High RU (~50%);
Fig. 8 DL PDSCH interference-noise analysis under Dense Urban Macro layer scenario.
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Fig. 9 Blocking interferences at gNB side under Dense Urban Macro layer scenario.

2.4.2.2 Urban Macro scenario
· UL Average-UPT:
The UL Average-UPT for Urban Macro scenario is shown in Fig. 10, and the corresponding UL SNR, legacy UL INR, and ratio of gNB-gNB CLI to noise (denoted as CLI/N) are shown in Fig. 11. Compared with Dense Urban Macro layer scenario, the Urban Macro scenario has a larger ISD. So some different results should be noted:
· gNB-gNB CLI: A larger ISD will lead to lower gNB-gNB CLI. And a larger gNB-gNB CLI will be obtained form lower RU to high RU, becuae there are more UEs have DL traffic in the same time.
· UL SNR: Based on the open loop power control at UE side, the transmit power of UL signal will be componsated to let the received power of UL signal to equal to the target received power P0. But considering a larger ISD, there are more UEs are under full trasmit power for Urban Macro scenario than Dense Urban Macro layer scenario, especially in the case of high RU where more resoureces usage will lead to lower power spectral density (PSD). So we can observe that:
· A lower UL SNR will be obtained in Urban Macor scenario than that in the Dense Urban Macro layer scenario;
· A lower UL SNR will be obtained from low RU to high RU.
· UL INR: Similar to the UL SNR, a lower UL INR will be obtained in Urban Macro scenario than that in the Dense Urban Macor layer scenario. And similar to gNB-gNB CLI, a larger UL INR will be obtained from low RU to high RU because ther are more UEs have UL traffic in the same time.
Based on these observations, we further observe that:
· The gNB-gNB CLI dominates the UL interferences from low RU to high RU, as shown in Fig. 11.
· Under each RU, E-MMSE-IRC receiver can suppress both legacy UL interferences and gNB-gNB CLI, but MMSE-IRC receiver can only suppress the legacy UL interferences. So E-MMSE-IRC receiver have a better performance than MMSE-IRC receiver, and it is much closer to the upper gain limit that the gNB-gNB CLIs are assumed to be suppressed completely, as shown in Fig. 10.
· From low RU to high RU, the legacy UL interference, inter-site gNB-gNB CLI, co-site inter-sector gNB-gNB CLI, and gNB self-interference are getting more serious, as shown in Fig. 11.
· For low RU and medium RU, similar results about mean UL Average-UPT and 5% UL Average-UPT are obtained as in Dense Urban Macro layer scenario.
· For high RU, the gains of both mean UL Average-UPT and 5% UL Average-UPT are reduced dramatically from low RU to high RU regardless of MMSE-IRC receiver or E-MMSE-IRC receiver. This is because the gNB-gNB CLI and legacy UL interferences are comparable for high RU. Besides, a high co-site inter-sector gNB-gNB CLI and gNB self-interference will reduce the receiver sensitivity, which can also reduce the gains, especially the coverage.
As discussed above, the following observations and proposals can be obtained.
Observation 16: Under Urban Macro scenario, the inter-site gNB-gNB co-channel inter-subband CLI dominates the UL interference at SBFD slots suffered by gNB from low RU to high RU.
Observation 17: Under Urban Macro scenario, E-MMSE-IRC receiver achieves mean UL Average-UPT better to the theoretical one under each frame structures for SBFD than MMSE-IRC receiver, as well as more significant UL coverage gain than MMSE-IRC receiver for low RU and medium RU.
Observation 18: Under Urban Macro scenario, the UL coverage gain is lower regardless of MMSE-IRC receiver or E-MMSE-IRC receiver for high RU.
Proposal 19: Capture the system level simulation results in Fig. 10-11 under Urban Macro scenario and the following observations into TR 38.858:
· E-MMSE-IRC receiver to suppress the inter-site gNB-gNB co-channel inter-subband CLI should be studied.
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(a) Low RU for both UL and DL (<10%);
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(b) Medium RU for both UL and DL (20%-30%);
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(c) High RU for both UL and DL (~50%);
Fig. 10 UL Average-UPT under Urban Macro scenario.
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(a) Low RU (<10%);       (b) Medium RU (20%-30%);       (c) High RU (~50%);
Fig. 11 UL PUSCH interference-noise analysis under Urban Macro scenario.

· DL Average-UPT:
The DL Average-UPT for Urban Macro scenario is shown in Fig. 12, and the corresponding DL SNR, legacy DL INR, and ratio of UE-UE CLI to noise (denoted as CLI/N) are shown in Fig. 13. Compared with the Dense Urban Macro layer scenario, the DL performance lost is much serious, including mean Average-UPT and 5% Average-UPT. The reason is analyzed as follows:
· The UE-UE CLI is comparable to the legacy DL interference. This is because:
· A larger UE transmit power is used in the Urban Macro scenario than that in the Dense Urban Macro layer scenario, given that there is a larger pathloss caused by larger ISD under Urban Macro scenario. But the distance between UE to UE is similar due to the UE clustering, thus leading to a larger UE-UE CLI.
· A lower legacy DL interference is obtained in Urban Macro scenario than that in the Dense Urban Macro layer scenario, given that there is a larger pathloss caused by larger ISD under Urban Macro scenario.
· The noise power will account for a larger proportion of the SINR in this scenario, thus leading to MMSE-IRC performance reduction.
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(a) Low RU for both UL and DL (<10%);
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(b) Medium RU for both UL and DL (20%-30%);
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(c) High RU for both UL and DL (~50%);
Fig. 12 DL Average-UPT under Urban Macro scenario.
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(a) Low RU (<10%);       (b) Medium RU (20%-30%);       (c) High RU (~50%);
Fig. 13 DL PDSCH interference-noise analysis under Urban Macro scenario.
As discussed above, the following observations and proposals can be obtained.
Observation 19: Under Urban Macro scenario, the UE-UE co-channel inter-subband CLI is comparable to the legacy DL interferences.
Observation 20: Under Urban Macro scenario, the DL performance lost is caused by DL resources reduction and UE-UE co-channel inter-subband CLI, including mean DL UPT and DL coverage.
Proposal 20: Capture the system level simulation results in Fig. 12-13 under Urban Macro scenario and the following observations into TR 38.858:
· The DL performance lost caused by UE-UE co-channel inter-subband CLI should be further studied.

· gNB blocking interference:
Taking frame structure “XXXXX” as an example, the blocking interferences at gNB sides are shown in Fig. 14. There are 10% to 100% gNB-gNB co-channel intra-subband CLI exceed the blocking requirement at gNB side (-43dBm) under Urban Macro scenario. Hence, the blocking issue under Urban Macro scenario is serious at gNB side, and several potential solutions should be considered as discussed in [8], e.g., coordinated beamforming, etc.
Observation 21: Under Urban Macro scenario, the blocking issue is serious at gNB sides.
· At gNB side, there are 10% to 100% gNB-gNB co-channel intra-subband CLI exceed the blocking requirement at gNB side (-43dBm).
Proposal 21: Capture the system level simulation results in Fig. 14 under Urban Macro scenario and the following observations into TR 38.858:
· Several potential solutions to suppress blocking interferences should be considered, e.g., coordinated beamforming, etc.
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Fig. 14 Blocking interferences at gNB side under Urban Macro scenario.

2.4.3 Link-level evaluation results
The LLS is evaluated in FR1 to reveal the effect of gNB-gNB CLI to the demodulation performance of the PUSCH. The evaluation assumptions for channel model, antenna configuration, and MCS configuration are presented in Annex D, and the following parameters should be noted.
· Channel model:
· gNB-UE: CDL-C with 300ns delay spread.
· gNB-gNB: CDL-C with 100ns delay spread.
· Receiver:
· Baseline (without muting resources): 
· DMRS of PUSCH: interfered by the gNB-gNB CLI.
· PUSCH: interfered by the gNB-gNB CLI.
· Enhance (with muting resources): 
· DMRS of PUSCH: not interfered by the gNB-gNB CLI (Potential enabler: the aggressor muting on the target UE’s DMRS REs of PUSCH).
· PUSCH: interfered by the gNB-gNB CLI. 
· The number and strength of the gNB-gNB CLI:
· Number of gNB-gNB CLI: 0/1/2/4.
· Strength of gNB-gNB CLI: INR is 0/5/10dB.
And finally, the following performance metric is provided.
· The minimum SNR required for PUSCH of target UE to enable the BLER of 0.1.

· Minimum SNR requirements:
The BLER performance of the PUSCH is shown in Fig. 15. The following can then be observed.
· With the introduction of gNB-gNB CLI, the performance of baseline (without muting resources) and enhance scheme (with muting resources) both degrade. Considering the worst case, i.e., 4 gNB-gNB CLI and the INR of each CLI is 10dB, 9dB and 1.2 dB performance deterioration are observed for the baseline and enhance scheme, respectively. Hence, muting resource should be considered as one potential scheme to reduce the effects of gNB-gNB CLI.
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(a) DMRS is interfered by the gNB-gNB CLI;    (b) DMRS is not interfered by the gNB-gNB CLI;
Fig. 15 The minimum SNR required for PUSCH to enable the BLER of 0.1.

As discussed above, the following observations and proposals can be obtained.
[bookmark: _GoBack]Observation 22: The UL performance is greatly affected by the gNB-gNB CLI when enhancement scheme is not adopted.
· Considering 4 gNB-gNB CLI and 10dB INR for each CLI, 9dB performance deterioration is observed when enhancement scheme is not adopted.
· Considering 4 gNB-gNB CLI and 10dB INR for each CLI, 1.2dB performance deterioration is observed when enhancement scheme is adopted.
Proposal 22: Study UL resource muting based schemes to handle the gNB-gNB CLI.
3. Conclusions
In this contribution, we provide our views on evaluation on NR duplex evolution with following proposals:
Observation 1: For InH, (inter-site) gNB-gNB co-channel inter-subband or adjacent-channel CLI is far less than UE-gNB UL signal. And therefore, a high UL SINR can be obtained even with the gNB-gNB CLI.
Observation 2: For InH, UE-UE co-channel inter-subband or adjacent-channel CLI is much less than gNB-UE DL signal. The DL SINR is acceptable even with the UE-UE CLI.
Observation 3: For InH, it suffers from large gNB self-interference.
Observation 4: For InH, it suffers from serious gNB-gNB blocking interferences and UE-UE blocking interferences.
Observation 5: In Dense Urban Macro layer, (inter-site) gNB-gNB co-channel inter-subband or adjacent-channel CLI is comparable with UE-gNB UL signal.
Observation 6: In Dense Urban Macro layer, it suffers from large gNB self-interference.
Observation 7: In Dense Urban Macro layer, it suffers from serious gNB-gNB and UE-UE blocking interferences.
Observation 8: In UMa, (inter-site) gNB-gNB co-channel inter-subband or adjacent-channel CLI is comparable with UE-gNB UL signal.
Observation 9: In UMa, it suffers from serious gNB-gNB and UE-UE blocking interferences.
Observation 10: In HetNet, gNB-gNB co-channel intra-subband CLI from UMa layer to InH layer is comparable with UE-gNB UL signal in InH layer.
Observation 11: Under Dense Urban Macro layer scenario, the inter-site gNB-gNB co-channel inter-subband CLI is comparable to the UL interference at SBFD slots suffered by gNB.
Observation 12: Under Dense Urban Macro layer scenario, E-MMSE-IRC receiver achieves mean UL Average-UPT closer to the theoretical one under each frame structures for SBFD than MMSE-IRC receiver, as well as more significant UL coverage gain than MMSE-IRC receiver, especially in the case of high RU.
Observation 13: Under Dense Urban Macro layer scenario, the legacy DL interferences dominate the DL interference at SBFD slots suffered by gNB, but not the UE-UE co-channel inter-subband CLI.
Observation 14: Under Dense Urban Macro layer scenario, the DL performance lost is mainly caused by DL resources reduction, and the DL coverage will be lost even though the UE-UE co-channel inter-subband CLI does not dominate the DL interferences.
Observation 15: Under Dense Urban Macro layer scenario, the blocking issue is serious at gNB sides.
· The gNB-gNB co-channel intra-subband CLI almost always exceed the blocking requirement (-43dBm) for medium RU and high RU, and exceed this requirement with 25% probability for low RU.
Observation 16: Under Urban Macro scenario, the inter-site gNB-gNB co-channel inter-subband CLI dominates the UL interference at SBFD slots suffered by gNB from low RU to high RU.
Observation 17: Under Urban Macro scenario, E-MMSE-IRC receiver achieves mean UL Average-UPT better to the theoretical one under each frame structures for SBFD than MMSE-IRC receiver, as well as more significant UL coverage gain than MMSE-IRC receiver for low RU and medium RU.
Observation 18: Under Urban Macro scenario, the UL coverage gain is lower regardless of MMSE-IRC receiver or E-MMSE-IRC receiver for high RU.
Observation 19: Under Urban Macro scenario, the UE-UE co-channel inter-subband CLI is comparable to the legacy DL interferences.
Observation 20: Under Urban Macro scenario, the DL performance lost is caused by DL resources reduction and UE-UE co-channel inter-subband CLI, including mean DL UPT and DL coverage.
Observation 21: Under Urban Macro scenario, the blocking issue is serious at gNB sides.
· At gNB side, there are 10% to 100% gNB-gNB co-channel intra-subband CLI exceed the blocking requirement at gNB side (-43dBm).
Observation 22: The UL performance is greatly affected by the gNB-gNB CLI when enhancement scheme is not adopted.
· Considering 4 gNB-gNB CLI and 10dB INR for each CLI, 9dB performance deterioration is observed when enhancement scheme is not adopted.
· Considering 4 gNB-gNB CLI and 10dB INR for each CLI, 1.2dB performance deterioration is observed when enhancement scheme is adopted.

Proposal 1: For SBFD Deployment Case 3-2 (HetNet scenario), adopt the following 2-step method for the cell layout generation:
· Step 1: Drop an Urban Macro layer with hexagonal grid with 7 macro sites and 3 sectors per site with ISD = 500m;
· Step 2: Randomly drop an indoor factory/office layer with 12 TRPs per  (m) throughout the macro geographical area considering the minimum distance between macro TRP to indoor office center, e.g., 100m.
Proposal 2: For SBFD Deployment Case 3-2 (HetNet scenario), adopt the following method for UE distribution:
· Urban Macro layer:
· 10 users per macro TRP per direction, and all users are randomly and uniformly dropped within the macro cell;
· 20% outdoor in cars: speed with 30km/h, height with 1.5m; 
· 80% indoor in houses: speed with 3km/h, height with 3(nfl – 1) + 1.5; nfl ~ uniform(1, Nfl) where Nfl ~ uniform(4,8);
· Indoor office layer:
· 10 users per indoor TRP, and all users are randomly and uniformly dropped within the building;
· 100% indoor in houses: speed with 3km/h, height with 1.5m.
· UE selected macro TRP or indoor TRP is determined based on the RSRP, i.e., the UE in the indoor office can select the macro cell as serving cell, and the UE outside the indoor office can select the indoor TRP as serving cell.
Proposal 3: The second aspect of inter-site gNB-gNB co-channel inter-subband CLI can be modeled as follows:
· The second aspect of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at UL RB n, caused by receiver selectivity at gNB of victim, can be modeled as
,
where,
·  is the channel between gNB of aggressor and gNB of victim at DL RB ,
·  is the precoder at DL RB  at gNB of aggressor, ,
·  is the symbol transmitted at DL RB  at the gNB of aggressor,
·  is the total number of DL RBs in the DL subbands,
·  is the gNB ACS.
· And the covariance of inter-site gNB-gNB co-channel inter-subband CLI across all Rx chains at UL RB  can be modeled as
,
where,
·  is the DL power transmitted across all Tx chains at one DL RB at gNB of aggressor, ,
·  is the maximum gNB DL Tx power on DL subbands.
Proposal 4: The co-site inter-sector gNB-gNB co-channel inter-subband CLI can be modeled as white Gaussian noise as follows:
· The co-site inter-sector gNB-gNB co-channel inter-subband CLI across all Rx chains at UL RB  at gNB of victim can be modeled as

where,
·  is the number of Rx chains at gNB of victim,
· , ,
·  is the power of co-site inter-sector gNB-gNB co-channel inter-subband CLI on each Rx chain at UL RB  at gNB of victim,
·  is the DL power transmitted across all Tx chains at one DL RB at gNB of aggressor, ,
·  is the maximum gNB DL Tx power on DL subbands,
·  is the total number of DL RBs in the DL subbands,
·  is the number of DL RBs allocated for DL transmission by gNB of aggressor,
·  is defined as the ratio of the total power transmitted by gNB of aggressor across all Tx chains on a DL RB in a SBFD carrier to the residual interference received by gNB of victim on a single Rx chain at a UL RB in the same SBFD carrier, where the gNB of aggressor and the gNB of victim are co-site but not co-sector.
· The covariance of co-site inter-sector gNB-gNB co-channel inter-subband CLI across all Rx chains at UL RB  can be modeled as .
Proposal 5: The UE-UE co-channel inter-subband CLI can be modeled as white Gaussian noise as follows:
· The UE-UE co-channel inter-subband CLI across all Rx chains at DL RB  at UE of victim can be modeled as

where,
·  is the number of Rx chains at UE of victim,
· , ,
·  is the power of UE-UE co-channel inter-subband CLI on each Rx chain at DL RB  at UE of victim,
·  is the UL power transmitted across all Tx chains at one UL RB at UE of aggressor,
·  is the total number of UL RBs in the UL subband,
·  is the number of UL RBs allocated for UL transmission by UE of aggressor,
·  is the coupling loss between the UE of aggressor and UE of victim,
·  is UE IBE with equivalent frequency-flat model,
·  is UE ACS, which are linear scale.
· The covariance of UE-UE co-channel inter-subband CLI across all Rx chains at DL RB  can be modeled as .
· Send LS to RAN4 to ask the value of .
Proposal 6: For adjacent-channel CLI modelling, the co-channel inter-subband CLI modelling can be reused with minor modifications:
· The inter-site gNB-gNB adjacent-channel CLI can be modeled as inter-site gNB-gNB co-channel inter-subband CLI model with different values of ACLR and ACS.
· The co-site co-sector and inter-sector gNB-gNB adjacent-channel CLI can be modeled as co-site inter-sector gNB-gNB co-channel inter-subband CLI with different values of .
· The UE-UE adjacent-channel CLI can be modeled as UE-UE co-channel inter-subband CLI by replacing  with .
Proposal 7: The blocking interference of gNB suffered by other gNBs should be evaluated in system level simulation with the definition provided as follows:

where,
·  is the blocking of gNB  suffered by all other gNB on each Rx chain.
·  is the blocking from gNB  to gNB  on each Rx chain.
·  is the total DL transmit power across all Tx chains at gNB .
·  is the channel between gNB  to gNB  at DL RB .
·  is the precoder at gNB  at DL RB , .
·  is the number of Rx chains for gNB .
Proposal 8: The link level simulation is used to evaluate link level algorithm for SBFD and dynamic/ flexible TDD enhancement, such as candidate schemes for interference suppression (e.g., IRC and SIC receiver, etc.), realistic demodulation performance due to interferences, etc.
Proposal 9: The link level simulation and link budget are used to evaluate coverage performance for SBFD. The basic evaluation methodology for coverage is based on link level simulation and link budget, and articulated in 2 steps. The evaluation assumptions for step 1 are provided in Table C.1. Link budget template for step 2 for SBFD is provided in Table C.2.
· Step 1: Obtain the required SINR for the physical channels under target scenarios and service/ reliability requirements. Simulations have been conducted neglecting:
· Constraints imposed by certain beamforming implementation, such as the possibility to simultaneously receive or transmit with maximum gain in more than one direction;
· PTRS overhead and compensation algorithms.
· Step 2: Obtain the baseline performance based on required SINR and link budget template.
Proposal 10: To evaluate the coverage performance of SBFD, the gNB self-interference, co-site inter-sector gNB-gNB CLI, inter-site gNB-gNB CLI, and UE-UE CLI should be taken account in LLS at least.
· The agreed interference models in SLS can be reused for LLS.
· One gNB self-interference, two co-site inter-sector gNB-gNB CLIs, and four inter-site gNB-gNB CLIs can be considered in LLS.
Proposal 11: Adopt the metrics of MCL, MIL, and MPL for evaluation on coverage performance of Rel-18 NR duplex operation. The definition of these metrics are given as follows.
· Definition of MCL:
· MCL = Total transmit power – Receiver sensitivity + gNB antenna gain (component 2).
· More details can be found in the link budget template shown in Annex C.
· Definition of MIL:
· MIL = Total transmit power – Receiver sensitivity – Tx loss – Rx loss + gNB antenna gain (component 2 + 3 + 4) + UE antenna gain.
· More details can be found in the link budget template shown in Annex C.
· Definition of MPL:
· MPL = MIL – Shadow fading margin + BS selection/macro-diversity gain – Penetration margin + Other gains.
· More details can be found in the link budget template shown in Annex C.
Proposal 12: Capture the link budget results in Table 1-6 and the following observations into TR 38.858:
· (Inter-sector) gNB-gNB co-channel inter-subband or adjacent-channel CLI and UE-UE co-channel inter-subband or adjacent-channel CLI can be negligible in InH.
· Further enhancements are required to suppress gNB self-interference in InH.
· Further enhancements are required to handle the gNB-gNB and UE-UE blocking interferences in InH.
Proposal 13: Capture the link budget results in Table 7-10 and the following observations into TR 38.858:
· UE-UE co-channel inter-subband or adjacent-channel CLI can be negligible in Dense Urban Macro layer.
· Further enhancements are required to handle (inter-sector) gNB-gNB co-channel inter-subband or adjacent-channel CLI in Dense Urban Macro layer.
· Further enhancements are required to handle gNB self-interference in Dense Urban Macro layer.
· Further enhancements are required to handle the gNB-gNB and UE-UE blocking interferences in Dense Urban Macro layer.
Proposal 14: Capture the link budget results in Table 11-13 and the following observations into TR 38.858:
· UE-UE co-channel inter-subband or adjacent-channel CLI can be negligible in UMa.
· Further enhancements are required to handle (inter-sector) gNB-gNB co-channel inter-subband or adjacent-channel CLI in UMa.
· Further enhancements are required to handle gNB self-interference in UMa.
· Further enhancements are required to handle the gNB-gNB and UE-UE blocking interferences in UMa.
Proposal 15: Capture the link budget results in Table 14 and the following observations into TR 38.858:
· UE-UE co-channel intra-subband CLI can be negligible in HetNet.
· Further enhancements are required to suppress the gNB-gNB co-channel intra-subband CLI in HetNet.
Proposal 16: Capture the system level simulation results in Fig. 5-6 under Dense Urban Macro layer scenario and the following observations into TR 38.858:
· E-MMSE-IRC receiver to suppress the inter-site gNB-gNB co-channel inter-subband CLI should be studied.
Proposal 17: Capture the system level simulation results in Fig. 7-8 under Dense Urban Macro layer scenario and the following observations into TR 38.858:
Proposal 18: Capture the system level simulation results in Fig. 9 under Dense Urban Macro layer scenario and the following observations into TR 38.858:
· Several potential solutions to suppress blocking interferences should be considered, e.g., coordinated beamforming, etc.
Proposal 19: Capture the system level simulation results in Fig. 10-11 under Urban Macro scenario and the following observations into TR 38.858:
· E-MMSE-IRC receiver to suppress the inter-site gNB-gNB co-channel inter-subband CLI should be studied.
Proposal 20: Capture the system level simulation results in Fig. 12-13 under Urban Macro scenario and the following observations into TR 38.858:
· The DL performance lost caused by UE-UE co-channel inter-subband CLI should be further studied.
Proposal 21: Capture the system level simulation results in Fig. 14 under Urban Macro scenario and the following observations into TR 38.858:
· Several potential solutions to suppress blocking interferences should be considered, e.g., coordinated beamforming, etc.
Proposal 22: Study UL resource muting based schemes to handle the gNB-gNB CLI.

Annex C: Evaluation assumptions for SBFD coverage
Table C.1: Link level simulation assumptions.
	Parameter
	Value

	Frequency
	FR1: 4GHz
FR2: 30GHz

	Frame structure
	Legacy: DDDSU
SBFD: XXXXX, XXXXU, and DXXXU, where X denotes SBFD slot.

	Target data rates for eMBB
	FR1: DL 10Mbps, UL 1Mbps
FR2: DL 25Mbps, UL 5Mbps

	Packet size for VoIP
	A packet size of 320 bits with 20ms data arriving interval is adopted.
	
	Size (bits)

	Payload
	256

	CRC
	16 (TBS size lower than 3824 bits)

	MAC
	16 (with 12 bits SN size)

	RLC
	8 (with 6 bits SN size)

	PDCP
	16

	RTP/UDP/IP
	24 (w RoHC)


If applicable, companies report TB size assumed in evaluation.

For SIP invite message
· Payload of 1500 bytes can be a starting point.
· The assumptions (TB size, time period etc.) are reported by companies.
· Contributions R1-2003464 and R1-2005259 are taken into account for the evaluation.
· In addition, 1 second time period can also be considered.

	Latency requirements for VoIP
	Latency requirements assumed in VoIP evaluation for SBFD are reported by companies.

	Pathloss model (select from LoS or NLoS)
	LoS, NLoS; Only for FR1.

	BWP
	FR1: 100MHz
FR2: 100MHz, [200MHz]

	Subband configuration for X slot
	FR1: UL: 53 RB; DL: 214 RB; GB: 6RB.
FR2: UL: 53 RB; DL: 214 RB; GB: 6RB.
Note: DL subband of the fourth X in XXXXU: 10D: 2G: 2U.

	Channel model for link-level simulation
	FR1: TDL-C for NLOS, TDL-D for LOS
FR2: CDL-A, TDL-A
Note: company can provide simulation results based on either TDL channel or CDL model.

	Delay spread
	FR1: 300ns
FR2: 100ns

	UE velocity
	3km/h for indoor

	Number of antenna elements for BS
	FR1:
Urban: 192 antenna elements for 4GHz,
(M,N,P,Mg,Ng) = (12,8,2,1,1)
(optional) 128 antenna elements for 4GHz, 
(M,N,P,Mg,Ng) = (8,8,2,1,1)
FR2:
256, (M,N,P,Mg,Ng) = (4, 8, 2, 2, 2)
Optional: 512, (M,N,P,Mg,Ng) = (8,8,2,2,2)

	Number of TxRUs for BS
	FR1:
gNB architectures to study:
· 64TxRUs for 4 GHz. 
· Optional: 32 TXRUs at 4 GHz
gNB modeling in LLS for TDL:
· Option 1: 2 or 4 gNB RF chains in LLS. 
· Option 2 (Optional): Number of gNB RF chains = number of TXRUs in LLS.
· Companies can report if and how correlation is modelled.
FR2:
· 2
Note: Analog beamforming is assumed.

	Number of UE antenna elements
	Only for FR2: 8, one panel: (M, N, P) = (2, 2, 2)

	Frequency hopping
	w/ or w/o frequency hopping

	BLER
	For eMBB, w/ HARQ, 10% iBLER; w/o HARQ, 10% iBLER.
For VoIP, 2% rBLER.

	Number of UE transmit chains
	FR1: 1, 2 (optional)
FR2: 1T2R, 2T2R

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

	Waveform
	FR1: DFT-s-OFDM, CP-OFDM (optional)
FR2: DFT-s-OFDM

	SCS
	FR1: 30kHz
FR2: 120kHz

	PUSCH duration
	14 OS

	Repetitions
	FR1:
For eMBB, w/o repetition as baseline, w/ repetition (optional).
For VoIP, w/ type A repetition, optional for type B repetition.
The actual number of repetitions is reported by companies.
FR2:
For eMBB, w/o repetition as baseline, w/ repetition (optional).
For VoIP, w/ repetition.
The actual number of repetitions is reported by companies.
Only PUSCH repetition type A is considered for baseline performance evaluation.
· Note: companies are not precluded to report results for repetition type B.

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

	PRBs/TBS/MCS for eMBB
	FR1:
Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. Companies are encouraged to use 30 PRBs for 1Mbps, 4 PRBs for 100kbps, 1 PRB for 30kbps as a starting point.
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.
FR2:
Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. Companies are encouraged to use [30] PRBs for 5Mbps for PUSCH as a starting point.
TBS can be calculated based on e.g. the number of PRBs, target data rate, frame structure and overhead.

	PRBs/MCS for VoIP
	FR1:
4 PRBs for VoIP as starting point.
Other values of PRBs can be reported by companies.
QPSK, pi/2 BPSK (optional).
FR2:
[4 PRBs] for VoIP as starting point. Other values of PRBs can be reported by companies.
QPSK for PUSCH.
Optional: pi/2 BPSK for PUSCH.



Table C.2 Link budget template.
	System configuration

	Channel for evaluation
	PUSCH

	Scenarios and Carrier frequency (GHz)
	For FR1:
· Urban 4 GHz SBFD
For FR2:
· Urban 30 GHz SBFD

	BS antenna heights (m)
	25m for urban can be used as a starting point.

	UT antenna heights (m)
	1.5m can be used as a starting point.

	Cell area reliability (%)
	90% for data channel can be used as a starting point.

	Lognormal shadow fading std deviation (dB)
	Reported by companies

	Tx Diversity
	Reported by companies

	Number of SSB
	Reported by companies

	Transmitter

	(1) Number of transmit antenna elements
	For FR1 BS:
· Urban:
· 192 antenna elements for 4GHz
· (optional) 128 antenna elements for 4GHz
For FR2 BS:
· Urban: 
· 256, Optional: 512
For FR1 UE:
· 1
· 2 (optional)
For FR2 UE:
· 8

	(2) Number of transmit TxRUs
Note: this row is void (left empty) for uplink
	FR1 BS:
· 64TxRUs for 4 GHz
FR2 BS:
· 2

	(2a) Number of transmit chains modelled in LLS
	For FR1 BS:
· Option 1: 2 or 4 gNB transmit chains in LLS.
· Option 2 (optional): Number of gNB transmit chains = number of TXRUs
FR2 BS:
· 2
For FR1 UE:
· PUSCH: 1, 2 (optional)
For FR2 UE:
· Option 1: PUSCH: 1, 2
· Option 2: 8

	(3) Total transmit power (dBm)
Note: total transmit power for system bandwidth 
	For FR1 UE:
· 23 dBm for UE 
For FR2 UE:
· 23 dBm and/or 12 dBm for UE (other values can be reported by companies)

	(3a) System bandwidth for downlink, or occupied bandwidth for uplink (Hz)
	For uplink:
Occupied bandwidth for FR1:
· 100MHz for 4GHz, where 20MHz uplink subband and 80MHz downlink subband
Occupied bandwidth for FR2:
· 200MHz for 30GHz, where 40MHz uplink subband and 160MHz downlink subband

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

	(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)
	

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

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

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

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

	(4c) Gain of antenna element (dBi) 
	For BS:
· 8 dBi or reported by companies
For UE: 
· 0 dBi for FR1
· 5 dBi for FR2

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

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

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

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

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

	Receiver

	(10) Number of receive antenna elements
	For FR1 BS:
Urban: 
· 192 antenna elements for 4GHz
· (optional) 128 antenna elements for 4GHz
For FR2 BS:
· Urban: 256, Optional: 512
For FR1 UE:
· 1
· (optional) 2
For FR2 UE:
· 8

	(10a) Number of receive TxRUs
Note: this row is void (empty) for downlink
	FR1 BS:
· 64TxRUs for 4 GHz
FR2 BS:
· 2

	(10b) Number of receive chains modelled in LLS
	For FR1 BS:
· Option 1: 2 or 4 gNB receive chains in LLS.
· Option 2 (optional): Number of gNB receive chains = number of TXRUs
FR2 BS:
· 2
For FR1 UE:
· 4 for 4GHz
For FR2 UE:
· Option 1: 2
· Option 2: 8

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

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

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

	(11c) Gain of antenna element (dBi)
	For BS:
· 8 dBi or reported by companies
For UE: 
· 0 dBi for FR1,
· 5 dBi for FR2

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

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

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

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

	(13) Receiver noise figure (dB)
	Reported by companies

	(14) Thermal noise density (dBm/Hz)
	Reported by companies

	(15) Receiver interference density (dBm/Hz) 
	Reported by companies

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

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

	(19) Required SNR (dB)
	

	(20) Receiver implementation margin (dB)
	Reported by companies

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

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

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

	(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)
	

	Calculation of available pathloss

	(25) Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	Reported by companies

	(26) BS selection/macro-diversity gain (dB)
	Reported by companies

	(27) Penetration margin (dB)
	Reported by companies

	(28) Other gains (dB) (if any please specify)
	Reported by companies

	(29) Available path loss = (23) – (25) + (26) – (27) + (28) (dB)
	

	Range/coverage efficiency calculation

	(30) Maximum range (based on (29) and according to the system configuration section of the link budget) (m)
	



Annex D: Evaluation assumptions for LLS for SBFD
Table D.1: Link level simulation assumptions.
	Parameter
	Value

	Frequency
	4GHz

	Target UE num
	1

	gNB-gNB CLI num
	0/1/2/4

	gNB-gNB CLI strength (INR)
	0/5/10 dB

	Pathloss model (select from LoS or NLoS)
	LoS, NLoS

	BWP
	20MHz

	Scheduled RB num
	24 RBs

	Channel model
	TDL-C for gNB-UE link and gNB-gNB link

	Delay spread
	300ns for gNB- UE link, 100 ns for gNB-gNB link

	UE velocity
	3km/h

	Number of TxRUs for BS
	64

	BLER
	w/ HARQ, 10% 

	Number of TxRUs for UE
	1

	DMRS configuration
	Type I, 1 DMRS symbol, no multiplexing with data

	Waveform
	CP-OFDM

	SCS
	30kHz

	PUSCH duration
	14 OS

	MCS
	Modulation: QPSK
Coding rate: 1/3

	Receiver
	MMSE
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