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1. Introduction
At RAN#94e meeting, a new SID [1] on “Study on evolution of NR duplex operation” was approved. The objectives are provided below.
	[bookmark: _Hlk89819652]The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum.

In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges

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. 



In this contribution, we discuss the evaluation results for SBFD operation.
2. Discussion
Subband Non-overlapping Full Duplex (SBFD) operation has been agreed to be studied in 3GPP owing to its various advantages over legacy TDD frame structures which are provided below:
· SBFD has the potential to reduce UL delays observed in legacy TDD frame structures. This is because most of the current networks setup their operations for DL dominant traffic and it becomes to difficult to adapt the frame structure configuration when higher UL performance is required.
· SBFD improves cell capacity by allowing to use more UL resources in TDD band. Note that this is mainly expected from scenarios where UL traffic is significantly higher than DL traffic. 
· With increased UL time resource available for repetitions, even UL coverage performance is expected to be better at cell edge for SBFD.

Note that in traditional NR TDD structure, the time domain resources are split between downlink and uplink for both gNB and UE either by semi-static TDD configuration (e.g., tdd-UL-DL-ConfigurationCommon/tdd-UL-DL-ConfigurationDedicated) and/or by dynamic TDD configuration (e.g., SFI in DCI format 2_0). The TDD configurations can be dedicatedly provided to UE, hence, gNB can potentially schedule DL and UL for different UEs at the same time achieving functionality of full duplex. However, various UE side and gNB side physical layer procedures may need to be enhanced for SBFD on account of higher interference expected.

To understand the benefits and drawbacks of SBFD operation, SLS evaluations are required to study the performance of SBFD operation for different network scenarios and SBFD approaches. Also, evaluation should consider different types of interference scenarios which are captured in RAN1#109e as follows:
· gNB self-interference
· inter-site and co-site gNB-gNB co-channel inter-subband CLI 
· (intra-cell/inter-cell) UE-UE co-channel inter-subband CLI 
· inter-site and co-site gNB-gNB co-channel intra-subband CLI
· (inter-cell) UE-UE co-channel intra-subband CLI (complex)
· gNB-gNB adjacent-channel CLI
· UE-UE adjacent-channel CLI.
Some of the above details are still pending on RAN4. However, for initial discussions it is still worth the effort to try to evaluate which of the CLI scenarios are expected to cause more performance deterioration. 
In this document, we provide a basic model for UE-UE inter-subband CLI and try to identify its impact on DL performance of UEs due to SBFD operation. Note that these results can be revisited again after RAN4 concludes on CLI modeling.
3. Evaluation Assumptions 
In RAN1#110-bis-e meeting, several agreements were made related to modeling of inter subband interference. However, Co-site inter-subband interference is still pending on further RAN4 discussion, where the following response was provided by RAN4:
· Co-site inter-sector gNB-gNB co-channel inter-subband CLI modelling: similar modelling as for self-interference (RSI) can be applied but may be with different parameters especially on antenna isolation.
· RAN4 will study further on possibility to apply digital IC for this case, but has not yet concluded whether it is feasible

For this meeting’s evaluation, we assume the same isolation for co-site inter-subband CLI as modeled for the case of self-interference (i.e. 0.1/1dB sensitivity degradation):
· 

For SBFD antenna panel configuration, we have modeled SBFD antenna configuration option-1 i.e.:
· SBFD antenna configuration option-1 (same as Opt 1 in RAN1#109 agreement): The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
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Also, we will concentrate our simulation efforts on Deployment Case 1:
· Deployment Case 1 (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.

The detailed simulation assumptions are provided in Table I.

Table I. Simulation assumptions for SLS.
	Parameter
	Value

	Inter-subband CLI modeling
	gNB Self-interference
	
Sensitivity degradation=1dB

	
	Co-site Inter-sector Inter-subband interference
	
Sensitivity degradation=1dB

	
	Inter-site inter-subband interference
	
 

ACLR=30dB, ACS=30dB

	Traffic
	FTP model 3
· Packet size=1 Kbyte for DL/UL
· DL channel load: Low, Medium, High
· UL channel load: Medium, High
· Each user assigned both UL and DL traffic

	Layout
	Urban Macro TR 38.901 
· ISD=500m
· TRPs per site=3
· Minimum BS-UE distance=35m
· Hexagonal grid layout, 7 macro sites
gNB height: 25m

	Channel Model
	For inter-gNB and gNB self-interference CLI modeling, path loss and shadow fading are modeled
· UMa in TR 38.901 (hUE =25m),
For gNB-UE CLI, large scale and small scale fading modeled (38.901)
· 80% low-loss O2I penetration loss
· 20% high-loss O2I penetration loss
· Same O2I loss type assumed for all the UE in same cluster

	UE mobility model
	Cluster based UE model
· 20 users per Macro TRP
· 2 clusters per macro cell area
· 80% indoor with 3km/hr speed
· 20% outdoor in car with 30 km/hr speed
· R=25m
UE height: 1.5m
Stationary with random drop (80% indoor)
Minimum distance from TRP=35m 
Number of users: 4 UEs per sector

	Center frequency
	FR1: 4 GHz

	Bandwidth
	100MHz 
UL subband BW= 20%

	Numerology
	30 kHz SCS
14 OFDM symbol slot

	TDD/SBFD configuration
	SBFD: Frame structure#2 (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.
· SBFD Subband configuration#1 with {DUD} pattern

	Antenna configuration
	gNB: 8*8 
· M, N, P, Mg, Ng = 8, 8, 2, 1, 1
· (dH, dV) = (0.5, 0.5)λ
· ±45°polarization
· TxRU: (Mp, Np, P, Mg, Ng = 8, 8, 2, 1, 1)

UE: 1 antenna 
· M, N, P, Mg, Ng = 1, 1, 2, 1, 1
· 0°, 90° polarization

	Antenna gain element
	gNB: 8dB
UE: 0dB

	Antenna element gain pattern	
	gNB: According to TR 38.901
UE: Omnidirectional

	Transmission power
	gNB: 53dBm
UE (max): 23dBm

	Noise figure
	gNB: 5dB
UE: 9dB

	Thermal noise level
	-174 dBm/Hz

	Number of ports
	PDSCH:16. PUSCH:16

	Target BLER
	10%

	Max HARQ retransmissions
	4

	MIMO Scheme
	MU-MIMO, Regularized ZF

	CSI scheme	
	Reciprocity based; 4T SRS; 10ms SRS interval

	Scheduler scheme	
	Proportional fair (PF)

	Open loop power control parameters
	P0= -80 dBm, alpha = 0.8 



4. Evaluation Results 
For Deployment Case 1, our objective is to identify the main causes of performance degradation, and hence our analysis starts with determining the performance for the case of different UL receiver sensitivity degradations. For this exercise, we consider the following cases:
· 1dB Desense: UL receiver sensitivity degradation= 1dB for self-interference
· 0.1dB Desense: UL receiver sensitivity degradation= 0.1dB for self-interference 

We have simulated 3 load conditions, which are described below:
· High Load: DL Type-2 PRB Utilization=50%
· Medium Load: DL Type-2 PRB Utilization=30%
· Low Load: DL Type-2 PRB Utilization=8%

In all of above 3 scenarios, UL traffic arrival remains same (i.e. 1000 byte FTP packets every 0.01 seconds) which provides >50% UL type-2 PRB utilization. Also, for SBFD slots, we model the TDD frame structure as XXXXX (i.e. all slots as SBFD).

The UL SINR values observed for the case of different load scenarios are provided in Figure 1. First, it can be observed that changing the value of UL receiver sensitivity does not result in any significant SNR difference. This can mainly be attributed because 1dB and 0.1dB degradation with respect to noise floor is very small in magnitude as compared to UE-gNB CLI. It can also be seen that when DL load is reduced (from high to medium and medium to low), the SINR improves by a factor of ~5 dB. We believe this to be because inter-site gNB inter-subband CLI is expected to have similar range as UE-gNB CLI values when ACLR and ALR values are modeled as 30dB. Even with 30dB of isolation for inter-subband CLI, the better gNB-gNB channel quality and higher gNB transmission power (as compared to UE-gNB channel) results in dominant interference values for gNB-gNB CLI.
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Figure 1 UL SINR for different DL loads for 0.1dB and 1dB receiver sensitivity degradation

Given that the CLI values observed are significantly dependent on the ALR and ACLR values, we need to confirm the values of ALR and ACLR to be used for SLS modeling.

Proposal 1	Confirm the values of ALR and ACLR to be used in SLS for inter-site inter-subband CLI modeling

The results for user throughput values are provided in Figure 2. Note that here, we only plot the throughput values corresponding to 1dB receiver desensitization. As expected from the SINR graph, with reducing load, the user throughput values are expected to get better because of better SINR values, which is also evident from the given figures. Above observations, emphasize our argument that it is crucial to manage inter-gNB coordination efficiently to improve the cellular performance. However, for 5 percentiles of given metrics (i.e. average/median/tail throughput), the throughput improvement is not as high as 50% tile or 95% tile. This could probably be due to lack of UL bandwidth available in each SBFD symbol which limits the amount of UL resources which can be allocated for poor SINR scenarios. 
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Figure 2 User throughput values for SBFD for different DL load scenarios
The user latency values are further illustrated in Figure 3. There seems to be significant improvement in the latency values for 5 percentile users when DL load is reduced. This is mainly attributed to SINR improvement in absence of DL load. Overall, our observation is that inter-gNB inter-subband CLI can result in performance deterioration both in terms of SINR and user throughput.
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Figure 3 User latency values (ms) for SBFD for different DL load conditions

Observation 1	Inter-gNB inter-subband CLI can result in significant performance deterioration during SBFD operation 

Note that dynamic TDD agenda item is already considering gNB-gNB coordination mechanisms to address the gNB-gNB CLI efficiently. The given study should also include the scenario of managing gNB-gNB inter-subband CLI during SBFD operation

Proposal 2	Discuss solutions to mitigate inter-gNB inter-subband CLI by use gNB-gNB coordination

5. Conclusion
In this contribution, we discussed on the evaluation of NR duplex operation. Based on the discussion we made the following observations.
Observation 1	Inter-gNB inter-subband CLI can result in significant performance deterioration during SBFD operation 
Proposal 1	Confirm the values of ALR and ACLR to be used in SLS for inter-site inter-subband CLI modeling
Proposal 2	Discuss solutions to mitigate inter-gNB inter-subband CLI by use gNB-gNB coordination
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Appendix
3GPP RAN1 Agreements
RAN1#110-bis-e
	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

Agreement
For evaluation of dynamic/flexible TDD for the single operator case, consider the following scenarios:
FR1
1-layer scenario: Indoor office with dynamic TDD UL/DL assignment
(Optional) 1-layer scenario: Urban Macro with dynamic TDD UL/DL assignment
2-layer Scenario B
Layer 1: Urban Macro
Layer 2: Indoor office or Indoor factory (companies to report which one is used)
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
Regarding 2-layer scenario, the two layers are deployed in the same carrier
Layer 1 uses legacy static TDD operation with DL dominant static TDD UL/DL configuration
Layer 2 uses one of the following options (companies to report which option is used)
Option 1: All gNBs in layer 2 use legacy static TDD operation with the same UL dominant static TDD UL/DL configuration
Option 2: All gNBs in layer 2 use dynamic TDD UL/DL assignment
Other options are not precluded and can be reported by companies
FR2-1
1-layer scenario: Indoor office with dynamic TDD UL/DL assignment
(Optional) 1-layer scenario: Dense Urban Macro layer with dynamic TDD UL/DL assignment
For above scenarios, the following is assumed:
DL dominant static TDD UL/DL configuration: {DDDSU}, where S=[12D:2G:0U]
UL dominant static TDD UL/DL configuration: {DSUUU}, where S=[12D:2G:0U]
dynamic TDD UL/DL assignment: {FFFFF}, companies to report the guard symbols assumed in their simulation
other configurations for dynamic TDD are not precluded and can be reported by companies
Companies can submit results for other scenarios

Agreement
RAN1 assumes frequency isolation value in the overall RSI value ranges provided by RAN4 is based on the assumption of SBFD subband configuration with {DUD=40MHz:20MHz:40MHz} at least for FR1 and all the DL RBs in the DL subbands are allocated with maximum gNB DL Tx Power.
For SLS of SBFD in RAN1, the RSI is modelled as frequency flat within the UL subband. 
Using to denote the overall RSI value provided by RAN4, RAN1 makes the following assumption

 is the residual self-interference power on the UL subband when all the DL RBs in the DL subbands are allocated with maximum gNB DL Tx Power (in linear scale).
 is the maximum gNB DL Tx Power on the two DL subbands (in linear scale).
 is the total number of DL RBs in the DL subbands.
 is the total number of UL RBs in the UL subband.
Note:  is in linear scale
RAN1 further makes a simple assumption that  doesn’t change when DL RBs are not fully allocated for DL transmission, and the residual self-interference power on one UL RB when DL RBs are not fully allocated for DL transmission is computed by

 is DL transmission power of gNB per RB,  
 is the number of DL RBs allocated for DL transmission.
Send LS to RAN4 to confirm RAN1’s assumptions and the subband configuration assumed for FR1/FR2
Also ask RAN4 if the above is applicable to other subband configurations

Agreement
For SLS in RAN1, if only large scale fading is modelled and small scale fading is not modelled for gNB-gNB co-channel channel model, the power of inter-site gNB-gNB co-channel inter-subband CLI experienced by the victim gNB on each receiver chain at one UL RB can be modelled as
 
 is the power of inter-site gNB-gNB co-channel inter-subband CLI from gNB  to gNB  on each receiver chain at one UL RB (linear value)
 is DL transmission power of gNB  across all transmit chains per RB (linear value). .
 is the number of DL RBs allocated for DL transmission by gNB 
is the coupling loss between gNB  and gNB  (linear value), accounting for beamforming at the aggressor gNB and victim gNB.
FFS: the detailed definition of the coupling loss, which can be discussed later
 is the total number of DL RBs in the DL subbands
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 is 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.
Note: This model is not applicable for some candidate gNB-gNB CLI handling schemes (for example, spatial digital beam coordination, advanced receivers)
Send LS to RAN4 to confirm RAN1’s understanding

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.

Agreement
For SLS of SBFD in RAN1, candidate values for  at least can be determined based on the assumption that UL receiver sensitivity degradation due to self-interference is 1dB.
FFS: UL receiver sensitivity degradation due to self-interference is 0.8dB and 0.1dB
The value of  can be calculated based on the UL receiver sensitivity degradation, noise floor of UL subband and maximum gNB DL Tx Power as below

For example, for sensitivity degradation of 1dB,  can be computed based on , where N is the noise floor over the UL subband given by , assuming 20MHz UL subband and 5dB noise figure.
Note: the feasibility of the determined  values can be discussed separately
Companies shall report what values of the individual components are assumed in order to achieve the alpha_SI value corresponding to 1 dB desense
Other approaches of determining values for  are not precluded and can be used and reported by companies.
Send LS to RAN4 to confirm RAN1’s understanding.

Agreement
For SBFD deployment case 3-2, reuse the traffic model assumptions of SBFD deployment case 1 as much as possible.
For comparison, the packet arrival rates are kept the same for each corresponding layer in baseline legacy TDD case (i.e., legacy TDD for both Layer 1 and Layer 2) and SBFD deployment case 3-2 (i.e., legacy TDD for Layer 1 and SBFD for Layer 2) respectively.
The UL traffic load and DL traffic load can be independently selected for each layer.

Agreement
For SBFD deployment case 4, reuse the traffic model assumptions of SBFD deployment case 1 as much as possible.
For comparison, the packet arrival rates are kept the same for each corresponding operator in baseline legacy TDD case (i.e., legacy TDD for both Operator#1 and Operator#2) and SBFD deployment case 4 (i.e., legacy TDD for Operator#1 and SBFD for Operator#2) respectively.
The UL traffic load and DL traffic load can be independently selected for each operator.

Agreement
Confirm the working assumption made in RAN1#110 on layout related simulation assumptions with modifications (red text).
	Parameters
	Indoor office
	Urban macro / Dense Urban Macro layer
	Dense Urban with 2-layer (Optional)

	Layout
	Single layer
Indoor floor: (12BSs per 120m x 50m) 
	Single layer
Macro layer: 
Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
Optional: Hexagonal grid with 19 macro sites and 3 sectors per site with wrap around.
	Two layer
Macro layer:
Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
Optional: Hexagonal grid with 19 macro sites and 3 sectors per site with wrap around.

Micro layer: 1/3/6/9 Micro BSs per Macro BS, up to companies report

	Inter-BS (2D) distance
	20m [TR 38.802 Table A.2.1-11]
	500m for Urban Macro [TR 38.802 Table A.2.1-11]
200m for Dense Urban Macro layer [TR 38.802 Table A.2.1-1]
	Macro-to-macro: 200m
Minimum Macro-to-micro-center distance: 42m
Minimum Micro-center-to-micro-center distance: 40m 

	Minimum BS-UE (2D) distance
	0m [TR 38.802 Table A.2.1-11]
	35m [TR 38.802 Table A.2.1-11]
	Macro-to-UE: 35m 
Micro-to-UE: 10m 
[TR 38.802 Table A.2.1-11]

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

	BS antenna height
	3 m [TR 38.802 Table A.2.1-1]
	25 m [TR 38.802 Table A.2.1-1]
	25m for macro cells and 10m for micro cells [TR 38.802 Table A.2.1-1]



Agreement
For UE clustering distribution of Urban Macro and Dense Urban Macro layer, 
M users per macro TRP (per direction)
If each UE is either assigned UL traffic or DL traffic (i.e., option 1 of traffic model), there are 2M users per macro TRP, wherein, M UEs are assigned with UL traffic, and the other M UEs are assigned with DL traffic.
If each UE is assigned both UL traffic and DL traffic (i.e., option 2 of traffic model), there are M users per macro TRP.

Possible Agreement
For UE clustering distribution of Urban Macro and Dense Urban Macro layer, take Alt-2 as baseline and Alt-3 as optional.
	
	M
	X
	Indoor UE height (m)

	Alt-2
	20
	2
	1.5

	Alt-3
	10
	1
	1.5



Agreement
Remove square bracket for the traffic load and update the high traffic load from ~50% to ≥50% (i.e., low (<10%), medium (20%-40%) and high (≥50%)) in previous agreement made in RAN1#110.

Agreement
Confirm the working assumption for gNB-gNB channel model and gNB-UE channel model made in RAN1#110.

Agreement
Confirm the working assumption for UE-UE channel model made in RAN1#110.

Agreement
Adopt the following gNB-UE O2I building penetration loss model:
Indoor office: penetration loss is not modelled.
Percentage of high loss and low loss building type for Urban Macro / Dense Urban [refer to table 5B of ITU M.2412]:  
80% low-loss model
20% high-loss model
Note: The building type is determined by comparing the random variable with P1, where P1 is the probability of the building type with low loss penetration. If the realization of the random variable is less than P1, the building type is low loss; otherwise the building type is high loss [refer to section 5.3.3 of ITU M.2412].
FFS for 2-layer Scenario B

Agreement
Adopt the following table for gNB-gNB channel model for 2-layer Scenario B (HetNet with Urban Macro and Indoor).
	
	gNB-gNB channel model for 2-layer Scenario B

	Large-scale channel parameters
	FR1:
Macro TRP to Macro TRP: not needed.
Indoor TRP to Indoor TRP: Only the channel model between Indoor TRPs within the same building is considered
For Indoor office layer: InH-Office in TR 38.901 (hUE =3m). 
For Indoor factory layer: InF in TR 38.901 (hUE =3m). 
Penetration loss is not modelled.
Macro TRP to Indoor TRP: UMa in TR 38.901 (hUE =3m)
O2I penetration loss follows TR 38.901
For the percentage of high loss and low loss building type, 80% low-loss model and 20% high-loss model is considered.
Indoor TRP to Macro TRP: same as Macro TRP to Indoor TRP

	Fast fading parameters
	FR1:
Macro TRP to Macro TRP: not needed.
Indoor TRP to Indoor TRP: Only the channel model between Indoor TRPs within the same building is considered.
For Indoor office layer: InH-Office in TR 38.901 (hUE =3m). ASA and ZSA statistics updated to be the same as ASD and ZSD. 
For Indoor factory layer: InF in TR 38.901 (hUE =3m). ASA and ZSA statistics updated to be the same as ASD and ZSD
Macro TRP to Indoor TRP: UMa O2I in TR 38.901
Indoor TRP to Macro TRP: same as Macro TRP to Indoor TRP



Agreement
Adopt the following table for UE-UE channel model for 2-layer Scenario B (HetNet with Urban Macro and Indoor).
	
	UE-UE channel model for 2-layer Scenario B

	Large-scale channel parameters
	FR1:
Outdoor UE to Outdoor UE: 
Option 1: A.2.1.2 in TR36.843 (*)
Option 2: UMi-Street canyon in TR 38.901 (hBS =1.5m)
Penetration loss between UEs follows Table A.2.1-13 in TR38.802
Indoor UE to Indoor UE: Only the channel model between Indoor UEs within the same building is considered
Option 1: A.2.1.2 in TR36.843 (*). 
Option 2:
For Indoor office layer: InH-Office in TR 38.901 (hBS =1.5m). 
For Indoor factory layer: InF in TR 38.901 (hBS =1.5m). 
Penetration loss is not modelled.
Outdoor UE to Indoor UE: 
Option 1: A.2.1.2 in TR36.843 (*). 
Option 2: UMi-Street canyon in TR 38.901 (hBS =1.5m).
Penetration loss between UEs follows Table A.2.1-13 in TR38.802

	Fast fading parameters
	FR1:
Outdoor UE to Outdoor UE: 
Option 1: 3D UMi, ASD and ZSD statistics updated to be the same as ASA and ZSA.
Option 2: UMi-Street canyon in TR 38.901, ASD and ZSD statistics updated to be the same as ASA and ZSA.
Indoor UE to Indoor UE: Only the channel model between Indoor UEs within the same building is considered
Option 1: A.2.1.2 in TR36.843 (ITU InH), ASD statistics updated to be the same as ASA.
Option 2:
For Indoor office layer: InH-Office in TR 38.901. ASD and ZSD statistics updated to be the same as ASA and ZSA.
For Indoor factory layer: InF in TR 38.901. ASD and ZSD statistics updated to be the same as ASA and ZSA.
Outdoor UE to Indoor UE: 
Option 1: 3D UMi, ASD and ZSD statistics updated to be the same as ASA and ZSA.
Option 2: UMi-Street canyon in TR 38.901. ASD and ZSD statistics updated to be the same as ASA and ZSA.

	(*):	For outdoor to indoor case, and indoor to indoor case, use “Remaining Layout Options” in A.2.1.2 of TR36.843 for pathloss calculation, and “ITU-R IMT UMi” for LOS Probability derivation. For outdoor to indoor case, the penetration loss term “20.0+0.5* din” is excluded in pathloss formula given in A.2.1.2 of TR36.843, and the penetration loss is derived according to Table A.2.1-13 in TR38.802.



Agreement
For comparison between legacy TDD and SBFD, companies should report the assumption of BS transmit power on DL slots and SBFD slots in SBFD operation.
For calibration purpose, assume the BS transmit power spectrum density is kept the same for SBFD operation and legacy TDD operation. BS transmit power is proportional to the RBs used for DL transmission.

Agreement
For SBFD Deployment Case 4, different power levels in adjacent carriers can be simulated and it is up to company to report the power levels.

Agreement
For dynamic TDD evaluations, the following is assumed. 
	
	Target dynamic/flexible TDD operation
	Baseline operation for comparison
	UL/DL arrival rate determination method

	1-layer scenario (FR1/FR2-1)
	Using dynamic TDD UL/DL assignment based on potential enhancements discussed in AI 9.3.3
	using dynamic TDD UL/DL assignment based on Rel-17 specifications
	UL/DL arrival rate is selected so that network using legacy static TDD {DDDSU} achieves a certain level of Type-2 RU**(i.e., <10%, 20%-40% and ≥50% for low, medium and high load).

	2-layer Scenario B (FR1)*
	Layer 2 using legacy static TDD {DSUUU} based on potential enhancements discussed in AI 9.3.3
	Layer 2 using legacy static TDD {DDDSU} based on Rel-17 specifications
	UL/DL arrival rate is selected for each layer independently so that each layer using legacy static TDD {DDDSU} achieves a certain level of Type-2 RU**(i.e., <10%, 20%-40% and ≥50% for low, medium and high load).

	
	Layer 2 using dynamic TDD UL/DL assignment based on potential enhancements discussed in AI 9.3.3
	Layer 2 using dynamic TDD UL/DL assignment based on Rel-17 specifications
	

	*: For 2-layer Scenario B (FR1), layer 1 using legacy static TDD {DDDSU} for both target and baseline operation
**: Type-2 RU definition is the same as that defined for SBFD evaluation



Agreement
RAN1 to conduct a SLS calibration for evaluation of SBFD operation.
The calibration focuses on the following scenarios of SBFD deployment case 1
FR1: Urban Macro
FFS: Indoor office
FR2: Dense Urban Macro layer
Regarding metrics used for SLS calibration, consider the following:
gNB-UE coupling loss
Inter-gNB coupling loss
Inter-UE coupling loss
Optional: DL SINR for legacy TDD/ DL SINR in DL-only slots for SBFD
Optional: DL SINR in SBFD slots
Optional: UL SINR for legacy TDD/ UL SINR in UL-only slots for SBFD
Optional: UL SINR in SBFD slots
FFS: the detailed definitions of the metrics listed above

Agreement
Adopt the following table for gNB-UE channel model for 2-layer Scenario B (HetNet with Urban Macro and Indoor).
	
	gNB-UE channel model for 2-layer Scenario B

	Large-scale channel parameters
	FR1:
Macro TRP to Outdoor UE: UMa in TR 38.901
Car penetration loss is modelled
Indoor TRP to Indoor UE: the channel model is considered only when the Indoor TRP and Indoor UE are in the same building
For Indoor office layer: InH-Office in TR 38.901
For Indoor factory layer: InF in TR 38.901
Penetration loss is not modelled.
Macro TRP to Indoor UE: UMa in TR 38.901
O2I penetration loss follows TR 38.901 
For the percentage of high loss and low loss building type, 80% low-loss model and 20% high-loss model is considered.
Indoor TRP to Outdoor UE: 
Option 1:
A.2.1.2 in TR36.843
Penetration loss between UEs follows Table A.2.1-13 in TR38.802
Option 2:
For Indoor office layer: InH-Office in TR 38.901 [TR 38.828 Table 5.2.1.1.2-1]
For Indoor factory layer: InF in TR 38.901
Both Car penetration (for outdoor UE) and O2I penetration loss are modelled, wherein, O2I penetration loss follows TR 38.901
For the percentage of high loss and low loss building type, 80% low-loss model and 20% high-loss model is considered.

	Fast fading parameters
	FR1:
Macro TRP to Outdoor UE: UMa in TR 38.901
Indoor TRP to Indoor UE: the channel model is considered only when the Indoor TRP and Indoor UE are in the same building
For Indoor office layer: InH-Office in TR 38.901
For Indoor factory layer: InF in TR 38.901
Macro TRP to Indoor UE: UMa in TR 38.901
Indoor TRP to Outdoor UE: 
Option 1: 
3D UMi, ASD and ZSD statistics updated to be the same as ASA and ZSA.
Option 2:
For Indoor office layer: InH-Office in TR 38.901 [TR 38.828 Table 5.2.1.1.2-1]
For Indoor factory layer: InF in TR 38.901



Agreement
When UE clustering distribution is used, 
consider the UEs in the same cluster are in the same building
For Alt-2 (M=20, X=2), consider the UEs in different clusters are in different buildings


Agreement
Remove the square brackets and update the agreement made in RAN1#110 for BS transmit power for legacy TDD as below. For evaluation of SBFD and dynamic/flexible TDD, the following BS transmit power for legacy TDD are considered. These values are for the single operator case.
	
	FR1
	FR2-1

	Urban macro
	Option 1: 53 dBm for 100MHz
Option 2: 49 dBm for 100MHz [refer to TR 38.828 Table 5.2.1.4-1]
	N.A.

	Dense Urban Macro layer
	Option 1: 53 dBm for 100MHz
Option 3: 44 dBm for 100MHz [refer to TR 38.802 Table A.2.1-1]
	Option 1: [43] 40 dBm for 200MHz  100MHz [refer to TR 38.828 Table 5.2.2.4-1]

	Dense Urban Micro layer
	Option 3: 38 dBm for 100MHz [refer to TR 38.802 Table A.2.1-1]
	Option 1: [33] 30 dBm for 200MHz  100MHz. EIRP should not exceed 68 dBm. [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.2.4-1]

	Indoor hotspot
	Option 2: 24 dBm for 100MHz [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.1.1.2-1]
	Option 1: [23] 23 dBm for 200MHz  100MHz. EIRP should not exceed 58 dBm. [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.2.4-1]




Agreement
The following is assumed for SLS calibration of SBFD regarding the BS transmit power for legacy TDD.
	
	FR1

	Urban macro
	Option 1: 53 dBm for 100MHz



Agreement
For evaluation of SBFD and dynamic/flexible TDD, companies report the UE antenna configurations used in their simulations. The UE antenna configurations in the following can be considered for calibration purpose.
FR1: 
2Tx: (M,N,P,Mg,Ng;Mp,Np) = (1,1,2,1,1;1,1), (dH,dV) = (N/A, N/A)λ, 0°,90° polarization
4Rx: (M,N,P,Mg,Ng;Mp,Np) = (1,2,2,1,1;1,2), (dH,dV) = (0.5, N/A)λ, 0°,90° polarization
FR2-1: 
4Tx/Rx: (M,N,P,Mg,Ng;Mp,Np) = (2,4,2,1,2;1,1); (dH,dV) = (0.5,0.5)λ,(dg,V,dg,H) = (0, 0)λ, 0°/90° polarization; Θmg,ng=90°; Ω0,1=Ω0,0+180°
Note: introduce (Ωmg,ng, Θmg,ng) for orientation of the panel (mg, ng), 0≤mg<Mg, 0≤ng<Ng, where the orientation of the first panel (Ω0,0, Θ0,0) is the same as UE orientation, Ωmg,ng is the array bearing angle and Θmg,ng is the array downtilt angle defined in [TR 36.873].

Agreement
For UE clustering distribution of Urban Macro and Dense Urban Macro layer, 
R =[25] m, Dmacro-to-cluster = 35m+R, Dinter-cluster = 2R m. 
Note: the UE cluster is totally confined within the macro cell geographical area (i.e. a cluster cannot be partially overlap with adjacent cell area).
For calibration purposes, assume clustering with R=25

Agreement
Regarding random and uniform UE distribution in Dense Urban Macro layer scenario and Dense Urban Micro layer scenario for FR2-1, consider the following for UE outdoor/indoor proportion:
Baseline: 100% Outdoor without car penetration loss: 3km/h
Optional: 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)

Agreement
For SLS evaluation purposes only, Alt 1/2/4 (SBFD UL subband is about 20% of the channel bandwidth) and SBFD Subband configuration#1 with {DUD} pattern, the following is assumed: 
For FR1 
Baseline: 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <104, 55, 5>
Optional: 100MHz channel bandwidth and 30kHz SCS (273 PRB): < ND, NU, NG > = <106, 51, 5>
For FR2
Baseline: 100MHz channel bandwidth and 120kHz SCS (66 PRB) < ND, NU, NG > = <25, 14, 1>
Optional: 200MHz channel bandwidth and 120kHz SCS (132 PRB): < ND, NU, NG > = <47, 32, 3>
Other values of < ND, NU, NG > are not precluded and can be reported by companies.

Agreement
For SBFD evaluation, companies should report the guard symbols assumed in the SBFD operation.

Agreement
Regarding Option 2 of UE-UE channel model for Dense urban/Urban macro scenarios, use NLOS when two indoor UEs are in different buildings.



RAN1#110
	Agreement 
Two types of RU (Resource utilization) are defined for SBFD evaluation.
· Type-1 RU: DL/UL Type-1 RU = Number of RBs per cell used by traffic for the given link direction during observation time / Total number of all the RBs per cell including DL, UL and guard bands over observation time.
· Type-2 RU (Follow TR 36.814): DL/UL Type-2 RU = Number of RBs per cell used by traffic for the given link direction during observation time / Total number of RBs per cell available for traffic for the given link direction over observation time
· Note: In case of MU-MIMO, one RB allocated to N users within a cell is only counted as used once.
· Companies are to submit results for both RU definitions
· FFS: RU definition for dynamic TDD evaluations
Agreement
For UE distribution of Urban Macro and Dense Urban Macro layer, 
· Baseline: (UE clustering)
· 10 users per macro TRP
· [bookmark: _Hlk112083022]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 throughout the macro geographical area
· UE outdoor/indoor proportion: 20% outdoor in cars: 30km/h; 80% indoor in houses: 3km/h
· FFS the values of X, Dmacro-to-cluster, Dinter-cluster, R, Y%
· Optional: 
· 10 users per macro TRP, 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
· FFS: FR2 details

Agreement
For Dense Urban with 2-layer for FR1, consider micro cell TRPs are deployed as following 
· Step 1: Randomly drop [3] micro TRP centers within one macro cell geographical area considering the minimum distance between micro TRP centers (Dinter-micro-center) and the minimum distance between macro TRP and micro TRP center (Dmacro-to-micro-center).
· Step 2: Randomly deploy one micro TRP on the area circle around each micro TRP center with the radius of half of Dinter-micro-center 
· Step 3: Determine the horizontal angle of the micro TRPs with the planer facing to the micro TRP center.
· Dinter-micro-center =[57.9 m], Dmacro-to-micro-center = [105 m]


Agreement
For latency related performance metric for FTP model 3 in SLS, option 1 is baseline, it is up to companies to report the latency with option 2.
· Packet latency: defined as the time which starts when the packet is received in the transmit buffer and ends when the last bit of the packet is correctly delivered to the receiver.
· (baseline) Option 1: Calculate the latency for each packet for each UE, and then generate CDF of latency for all these packets from all the UEs.
· Packet-Latency CDF: The CDF of the packet latencies of all the packets from all the UEs.
· Mean/5%/50%/95% Packet-Latency: The mean/5%/50%/95% value of Packet-Latency of all the packets from all the UEs.
· (optional) Option 2: Calculate the latency for each packet for each UE, and then calculate the average latency for each UE, then generate the CDF for these average latency for each UE
· UE-Average-Latency: defined as the average packet latency for a UE
· UE-Average-Latency CDF: The CDF of the UE-Average-Latency for all users.
· Mean/5%/50%/95% UE-Average-Latency: The mean/5%/50%/95% value of UE-Average-Latency for all users.
· Note: HARQ re-transmission should be considered for latency evaluation.
· Unfinished/dropped FTP packets are not incorporated in the packet latency calculation.
· Unfinished/dropped Packet Rate is defined as the number of the unfinished packets for all users divided by the total number of generated packets for all users
· To be reported as part of the system level simulation results
Agreement
For UPT (user perceived throughput) related performance metrics for FTP model 3 in SLS, adopt the following option.
· Option 1: UPT is defined as the size of an FTP packet divided by the time which starts when the packet is received in the transmit buffer and ends when the last bit of the packet is correctly delivered to the receiver [Refer to TR36.814].
· Unfinished FTP packets should be incorporated in the UPT calculation. The number of served bits (possibly zero) of an unfinished FTP packet by the end of the simulation is divided by the served time (simulation end time – file arrival time) [Refer to TR36.889].
· Consider zero bit for dropped FTP packets.
· Average-UPT of a user: defined as the average from all UPTs for all FTP packets intended for this user [Refer to TR36.814].
· Tail-UPT of a user: defined as the worst 5% UPT among all FTP packets intended for this user [Refer to TR36.814].
· Median-UPT of a user: defined as the 50% UPT among all FTP packets intended for this user.
· Average-UPT CDF: The CDF of the Average-UPTs for all users.
· Tail-UPT CDF: The CDF of the Tail-UPTs for all users.
· Median-UPT CDF: The CDF of the Median-UPTs for all users.
· Mean/5%/50%/95% Average-UPT: The mean/5%/50%/95% value of Average-UPTs for all users.
· Mean/5%/50%/95% Tail-UPT: The mean/5%/50%/95% value of Tail-UPTs for all users.
· Mean/5%/50%/95% Median-UPT: The mean/5%/50%/95% value of Median-UPTs for all users.
Agreement
· Adopt the following table for traffic model of FTP model 3 for scenarios in deployment case 1 for SBFD.
	
	Indoor office (FR1&FR2)
	Urban Macro (FR1)
	Dense Urban Macro layer (FR1&FR2)
	Dense Urban Micro layer (FR2)
	Dense Urban with 2-layer (FR1)

	General
	UL and DL are simulated simultaneously. Companies to report which option is used.
· Option 1: Each UE is either assigned UL traffic or DL traffic.
· assume the same number of UEs for UL and DL, FFS the total number of UEs
· FFS how to handle the UE clustering case
· Option 2: Each UE is assigned both UL traffic and DL traffic.

	FTP packet size
	Both symmetric and asymmetric packet size for UL and DL can be considered. Companies to report which option is used.
· Option 1: Symmetric packet size: 
· 1Kbyte for DL/UL, 0.1Mbytes for DL/UL, 0.5Mbytes for DL/UL, 2Mbytes for DL/UL
· Option 2: Asymmetric packet size: 
·  4Kbytes for DL and 1Kbyte for UL, 0.5Mbyte for DL and 0.125 Mbytes for UL

	UL arrival rate for legacy TDD
	· The UL arrival rate is selected to reach a target UL traffic load (RU).
· UL Traffic load: low UL RU ([<10%]), medium UL RU ([20%-30%]), and high UL RU ([~50%]).
· Note: Type-2 RU definition (calculated per link direction) is used
	· The UL arrival rate#1 of Macro cell and UL arrival rate#2 of Micro cell are selected to reach target UL traffic load (RU)#1 of Macro cell and target UL traffic load (RU)#2 of Micro cell, respectively
· UL Traffic load: low UL RU ([<10%]), medium UL RU ([20%-30%]), and high UL RU ([~50%]).
· Note: Type-2 RU definition (calculated per link direction) is used

	DL arrival rate for legacy TDD
	· The DL arrival rate is selected to reach a target DL traffic load (RU).
· DL Traffic load: low DL RU ([<10%]), medium DL RU ([20%-30%]), and high DL RU ([~50%]).
· Note: Type-2 RU definition (calculated per link direction) is used
	· The DL arrival rate#1 of Macro cell and DL arrival rate#2 of Micro cell are selected to reach target DL traffic load (RU)#1 of Macro cell and target DL traffic load (RU)#2 of Micro cell, respectively
· DL Traffic load: low DL RU ([<10%]), medium DL RU ([20%-30%]), and high DL RU ([~50%]).
· Note: Type-2 RU definition (calculated per link direction) is used

	Arrival rate for SBFD
	The UL and DL FTP packet arrival rate for SBFD are the same as legacy TDD.



Working assumption:
· Adopt the following table for gNB-gNB channel model and gNB-UE channel model.
	
	Dense urban, Urban macro
	Indoor office

	Large-scale channel parameters
	FR1:
· Macro-to-UE: UMa in TR 38.901
· Micro-to-UE: UMi-Street canyon in TR 38.901
· Macro-to-Macro: UMa in TR 38.901 (hUE =25m), 
· Macro-to-Micro: UMa in TR 38.901 (hUE =10m)
· Micro-to-Micro: UMi-Street canyon in TR 38.901 (hUE =10m)
FR2-1:
· Macro-to-UE: UMa in TR 38.901
· Micro-to-UE: UMi-Street canyon in TR 38.901
· Macro-to-Macro: UMa in TR 38.901 (hUE =25m) 
· Macro-to-Micro: UMa in TR 38.901 (hUE =10m)
· Micro-to-Micro: UMi-Street canyon in TR 38.901 (hUE =10m) 
	FR1:
· TRP-to-UE: InH-Office in TR 38.901
· TRP-to-TRP: InH-Office in TR 38.901 (hUE =3m)
FR2-1:
· TRP-to-UE: InH-Office in TR 38.901
· TRP-to-TRP: InH-Office in TR 38.901 (hUE =3m)

	Fast fading parameters
	FR1:
· Macro-to-UE: UMa in TR 38.901
· Micro-to-UE: UMi-Street canyon in TR 38.901
· Macro-to-Macro: UMa O2O in TR 38.901 (hUE =25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
· Macro-to-Micro: UMa O2O in TR 38.901
· Micro-to-Micro: UMi-Street canyon O2O in TR 38.901 (hUE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
FR2-1:
· Macro-to-UE: UMa in TR 38.901
· Micro-to-UE: UMi-Street canyon in TR 38.901
· Macro-to-Macro: UMa O2O in TR 38.901 (hUE=25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
· Macro-to-Micro: UMa O2O in TR 38.901 
· Micro-to-Micro: UMi-Street canyon O2O in TR 38.901 (hUE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
	FR1:
· TRP-to-UE: InH-Office in TR 38.901
· TRP-to-TRP: InH-Office in TR 38.901 (hUE=3m), ASA and ZSA statistics updated to be the same as ASD and ZSD

FR2-1:
· TRP-to-UE: InH-Office in TR 38.901
· TRP-to-TRP: InH-Office in TR 38.901 (hUE =3m), ASA and ZSA statistics updated to be the same as ASD and ZSD



Agreement
· For evaluation of SBFD and dynamic/flexible TDD, adopt the following evaluation assumptions.
	
	FR1
	FR2-1

	System bandwidth
	100MHz
	100MHz

	Numerology
	14 OFDM symbol slot
SCS = 30kHz
	14 OFDM symbol slot
SCS = 120kHz

	UE Tx power
	23dBm
	23 dBm. EIRP should not exceed 43 dBm
[refer to TR 38.802 Table A.2.1-1]

	Open loop power control parameters
	Companies to report power control parameters.
For calibration:
· P0= -60 dBm, alpha = 0.6 for InH [refer to TR 37.910, evaluation assumption in B.4.1_eMBB_SE.zip]
· P0= -86 dBm, alpha = 0.9 for Dense Urban [refer to TR 37.910, evaluation assumption in B.4.1_eMBB_SE.zip]
· P0= -80 dBm, alpha = 0.8 for Urban Macro

	BS receiver noise figure
	5dB 
[refer to TR 38.802 Table A.2.1-1]
	7dB 
[refer to TR 38.802 Table A.2.1-1]

	UE receiver noise figure
	9 dB 
[refer to TR 38.802 Table A.2.1-1]
	13 dB (baseline), 10 dB (optional) 
[refer to TR 38.802 Table A.2.1-1]

	UE receiver
	MMSE-IRC as the baseline receiver. 
Note: Advanced receiver is not precluded.
[refer to TR 38.802 Table A.2.1-1]

	Feedback assumption
	Realistic [refer to TR 38.802 Table A.2.1-1]

	Channel estimation
	Companies to report the option used.
Option 1: Ideal
Option 2: Realistic [refer to TR 38.802 Table A.2.1-1]

	UE processing capability
	UE processing capability 1 as baseline
	UE processing capability 1 as baseline

	Handover margin
	3 dB [refer to TR 38.828 Table 5.2.1.4-1]

	UE attachment
	Based on RSRP from port 0 
[refer to TR 37.910, evaluation assumption in B.4.1_eMBB_SE.zip]
	Based on RSRP from port 0. The UE panel with the best receive SNR is chosen. i.e. no combining is done between panels. 
[refer to TR 37.910, evaluation assumption in B.4.1_eMBB_SE.zip]

	Polarized antenna model
	Model-1 in clause 7.3.2 in TR 38.901

	DL/UL Modulation
	Up to 256QAM

	Transmission scheme
	Companies to report transmission schemes (e.g., SU-MIMO, MU-MIMO, maximum layers for SU-MIMO/MU-MIMO, etc) 
For calibration, consider SU-MIMO with single layer for both DL and UL 

	Scheduling
	PF

	Overhead
	Companies to report the overhead assumption



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

Agreement
For LOS probability of gNB-gNB channel, 
· For Macro-gNB-to-Macro-gNB case
· Option 3: If the 2D distance between two Macro gNBs are less than or equal to the ISD (200m for Dense Urban, and 500m for Urban Macro), set the LOS probability to X; Otherwise, reuse gNB-to-UE LOS probability equation in TR 38.901.
· X = 0.75
· For other cases, reuse gNB-to-UE LOS probability equation in TR 38.901.

Agreement
For Dense Urban Micro layer for FR2-1, 
· Regarding the layout, only consider the Micro TRPs of Dense Urban 2-layer network. All users communicate with micro TRPs, i.e. macro cell is only used for determining position of micro TRP. 
· Regarding UE distribution, all users are randomly and uniformly dropped around Micro TRP center with the radius of R (R = [28.9m]).

Agreement
For UE distribution of Dense Urban with 2-layer, reuse the modeling in TR38.802 as much as possible.
· For FTP traffic model 3: 2/3 users randomly and uniformly dropped around micro TRP centers with radius of R (R = [28.9m]), 1/3 users randomly and uniformly dropped throughout the macro geographical area, and 60 users per macro geographical area.
· UE outdoor/indoor proportion: 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)

Agreement
· For evaluation of SBFD and dynamic/flexible TDD, the following BS transmit power for legacy TDD are considered. These values are for the single operator case.
	
	FR1
	FR2-1

	Urban macro
	· Option 1: [53] dBm for 100MHz
· Option 2: [49] dBm for 100MHz [refer to TR 38.828 Table 5.2.1.4-1]
	N.A.

	Dense Urban Macro layer
	· Option 1: [53] dBm for 100MHz
· Option 3: [44] dBm for 100MHz [refer to TR 38.802 Table A.2.1-1]
	· Option 1: [43] dBm for 200MHz [refer to TR 38.828 Table 5.2.2.4-1]

	Dense Urban Micro layer
	· Option 3: [40] dBm for 100MHz [refer to TR 38.802 Table A.2.1-1]
	· Option 2: [33] dBm for 200MHz. EIRP should not exceed 68 dBm. [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.2.4-1]

	Indoor hotspot
	· Option 2: [24] dBm for 100MHz [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.1.1.2-1]
	· Option 1: [23] dBm for 200MHz. EIRP should not exceed 58 dBm. [refer to TR 38.802 Table A.2.1-1 and TR 38.828 Table 5.2.2.4-1]



Agreement
For evaluation of SBFD and dynamic/flexible TDD, use BS antenna radiation pattern as following:
· InH: reuse Table 10 in Report ITU-R M.2412 for both FR1&FR2-1 (Table A.2.1-7 in TR 38.802)
· Urban Macro/ Dense Urban Macro layer / Dense Urban Micro layer: reuse Table 9 in Report ITU-R M.2412 for both FR1&FR2-1 (same as 3-sector BS antenna radiation model in Table A.2.1-6 in TR 38.802)
· Companies can also consider evaluation with other realistic BS antenna radiation pattern

Agreement
For evaluation of SBFD and dynamic/flexible TDD, use UE antenna radiation pattern as following:
· FR1: Omni-directional with 0 dBi element gain 
· FR2: reuse Table 11 in Report ITU-R M.2412 (same as UE antenna radiation pattern model 1 in Table A.2.1-8 in TR 38.802)
Working Assumption
	Parameters
	Indoor office
	Urban macro / Dense Urban Macro layer
	Dense Urban with 2-layer

	Layout
	Single layer
Indoor floor: (12BSs per 120m x 50m) 
	Single layer
Macro layer: 
· Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
· Optional: Hexagonal grid with 19 macro sites and 3 sectors per site with wrap around.
	Two layer
Macro layer:
· Baseline: Hexagonal grid with 7 macro sites and 3 sectors per site with wrap around
· Optional: Hexagonal grid with 19 macro sites and 3 sectors per site with wrap around.

Micro layer: According to previous agreement
· Baseline: 3 Micro BSs per Macro BS
· Optional: 6, or 9 Micro BSs per Macro BS

	Inter-BS (2D) distance
	20m [TR 38.802 Table A.2.1-11]
	500m for Urban Macro [TR 38.802 Table A.2.1-11]
200m for Dense Urban Macro layer [TR 38.802 Table A.2.1-1]
	Macro-to-macro: 200m
Minimum Macro-to-micro-center distance: 105m 
Minimum Micro-center-to-micro-center distance: 57.9m

	Minimum BS-UE (2D) distance
	0m [TR 38.802 Table A.2.1-11]
	35m [TR 38.802 Table A.2.1-11]
	Macro-to-UE: 35m 
Micro-to-UE: 10m 
[TR 38.802 Table A.2.1-11]

	Minimum UE-UE (2D) distance
	FFS
	FFS :3m [TR 38.802 Table A.2.1-11]
	FFS: 3m [TR 38.802 Table A.2.1-11]

	BS antenna height
	3 m [TR 38.802 Table A.2.1-1]
	25 m [TR 38.802 Table A.2.1-1]
	25m for macro cells and 10m for micro cells [TR 38.802 Table A.2.1-1]



Conclusion
· For SLS of NR duplex evolution, Rural scenario is not considered in Rel-18.
· For NR duplex evolution evaluation, FR2-2 is not considered in Rel-18.
Agreement
For SBFD evaluation from RAN1 perspective, the evaluation assumptions that are specific for Deployment Case 2 and Case 3-1 can be discussed with low priority.

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 SBFD operation, separate-Tx/Rx antenna array can be modelled by two panel groups.
· Legacy parameters ,  and  are used for description of each panel group:
· M: Number of vertical antenna elements within a panel, on one polarization
· N: Number of horizontal antenna elements within a panel, on one polarization
· P: Number of polarizations
· : Number of panels in a column within a panel group.
· : Number of panels in a row within a panel group.
· : Antenna panel spacing in horizontal direction within a panel group.
· : Antenna panel spacing in vertical direction within a panel group.
· Companies are to report the separation of the two panel groups. Introduce new parameters  as illustrated in the following figure.
· : Panel group spacing in the horizontal direction. Typically,  = 0.
· : Panel group spacing in the vertical direction.
[image: ]

Agreement
For evaluation and comparison between SBFD and legacy TDD, the two options for the SBFD antenna configuration agreed in RAN1#109 are further clarified as below:
· SBFD antenna configuration option-1 (same as Opt 1 in RAN1#109 agreement): The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
· SBFD antenna configuration option-2 (same as Opt 2 in RAN1#109 agreement): The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
· SBFD antenna configuration option-3 (new): The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is half of the total number of TxRUs of the antenna array for legacy TDD.
These options are further clarified with examples in the following:
· For legacy TDD with shared-Tx/Rx antenna array, assume the antenna configuration is . The total number of TxRUs is  , and the total number of antenna elements is .
[image: Shape

Description automatically generated with low confidence]
· For SBFD antenna configuration option-1, the separate-Tx/Rx antenna array has two panel groups, and the antenna configuration for each panel group is . The total number of TXRUs is  (same as legacy TDD), and the total number of antenna elements is (same as legacy TDD). One method on the usage of TXRUs and antenna elements in DL/UL/SBFD slots/symbols is illustrated as below. Other methods are not precluded and can be reported by companies. 
· Method 1: 
· In DL slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains in TxRU group#1, and L⁄2 antenna elements on panel group#2 are connected to K⁄2 Tx chains in TxRU group#2.
· In UL slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Rx chains in TxRU group#1, and L⁄2 antenna elements on panel group#2 are connected to K⁄2 Rx chains in TxRU group#2.
· In SBFD slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains in TxRU group#1, and L⁄2 antenna elements on panel group#2 are connected to K⁄2 Rx chains in TxRU group#2.
[image: Graphical user interface

Description automatically generated]
· For SBFD antenna configuration option-2, the separate-Tx/Rx antenna array has two panel groups, and the antenna configuration for each panel group is . The total number of TXRUs is  (same as legacy TDD), and the total number of antenna elements is (two times of that for legacy TDD). Two methods on the usage of TXRUs and antenna elements in DL/UL/SBFD slots/symbols are illustrated as below. Other methods are not precluded and can be reported by companies. 
· Method 2-1: 
· In DL slots, L antenna elements on panel group#1 are connected to K Tx chains.
· In UL slots, L antenna elements on panel group#2 are connected to K Rx chains.
· In SBFD slots, L antenna elements on panel group#1 are connected to K Tx chains, and L antenna elements on panel group#2 are connected to K Rx chains.
[image: Diagram

Description automatically generated]
· Method 2-2: 
· In DL slots, L antenna elements on panel group#1 are connected to K Tx chains.
· In UL slots, L antenna elements on panel group#1 are connected to K Rx chains.
· In SBFD slots, L antenna elements on panel group#1 are connected to K Tx chains, and L antenna elements on panel group#2 are connected to K Rx chains.
[image: Diagram

Description automatically generated]
· For SBFD antenna configuration option-3, the separate-Tx/Rx antenna array has two panel groups, and the antenna configuration for each panel group is . The total number of TXRUs is  (half of that for legacy TDD), and the total number of antenna elements is (same as legacy TDD). The method on the usage of TXRUs and antenna elements in DL/UL/SBFD slots/symbols are illustrated as below. Other methods are not precluded and can be reported by companies. 
· Method 3-1: 
· In DL slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains.
· In UL slots, L⁄2 antenna elements on panel group#2 are connected to K⁄2 Rx chains.
· In SBFD slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains, and L⁄2 antenna elements on panel group#2 are connected to K⁄2 Rx chains.
[image: Graphical user interface, diagram

Description automatically generated]
· Method 3-2: 
· In DL slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains in TxRU group#1.
· In UL slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Rx chains in TxRU group#1.
· In SBFD slots, L⁄2 antenna elements on panel group#1 are connected to K⁄2 Tx chains in TxRU group#1, and L⁄2 antenna elements on panel group#2 are connected to K⁄2 Rx chains in TxRU group#1.
[image: Diagram

Description automatically generated]

Working Assumption
For UE-UE channel model, reuse the UE-UE channel model for flexible duplex evaluation in TR 38.802 for both FR1 and FR2 as baseline, and other models are not precluded.
UE-UE channel model
	
	Dense urban, Urban macro
	Indoor hotspot

	Large-scale channel parameters
	FR1:
· Option 1: UE-to-UE: A.2.1.2 in TR36.843(*), penetration loss between UEs follows Table A.2.1-13 in TR38.802
· Option 2: UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-13 in TR38.802
FR2-1:
· UE-to-UE: UMi-Street canyon in TR 38.901 (hBS =1.5m ~ 22.5m), penetration loss between UEs follows Table A.2.1-12 in TR38.802
	FR1:
· Option1 : UE-to-UE: A.2.1.2 in TR36.843 (*)
· Option 2: UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)
FR2-1:
· UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m)

	Fast fading parameters
	FR1:
· Option 1: UE-to-UE: A.2.1.2 in TR36.843 (ITU InH) for indoor to indoor, and 3D UMi for other cases. ASD and ZSD statistics updated to be the same as ASA and ZSA. 
· Optioin 2: UE-to-UE: UMi-Street canyon in TR 38.901; ASD and ZSD statistics updated to be the same as ASA and ZSA.

FR2-1:
· UE-to-UE: UMi-Street canyon in TR 38.901; ASD and ZSD statistics updated to be the same as ASA and ZSA.
	FR1:
· Option 1: UE-to-UE: A.2.1.2 in TR36.843 (ITU InH), ASD statistics updated to be the same as ASA.
· Option2: UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA

FR2-1:
· UE-to-UE: InH-Office in TR 38.901 (hBS =1.5m), ASD and ZSD statistics updated to be the same as ASA and ZSA

	(*):	For outdoor to indoor case, and indoor to indoor case, use “Remaining Layout Options” in A.2.1.2 of TR36.843 for pathloss calculation, and “ITU-R IMT UMi” for LOS Probability derivation. For outdoor to indoor case, the penetration loss term “20.0+0.5* din” is excluded in pathloss formula given in A.2.1.2 of TR36.843, and the penetration loss is derived according to Table A.2.1-13 in TR38.802.



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.



Agreement
For evaluation of SBFD operation, it is up to companies to report the BS antenna configurations used in their simulations. The BS antenna configurations in the following table can be considered for calibration purpose.
	Scenarios
	FR
	Legacy TDD
	SBFD

	BS antenna configuration for Indoor office
	FR1
	= (4,4,2,1,1; 4,4) 
= (0.5, 0.5)λ,  +45°/-45° polarization
	· SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (2,4,2,1,1).
· Number of TxRUs: same as legacy TDD
· = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ



	
	FR2-1
	=(16,8,2,1,1; 1,1)
= (0.5, 0.5)λ,  +45°/-45° polarization
	· SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (8,8,2,1,1).
· Number of TxRUs: same as legacy TDD
· = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 30)λ

	BS antenna configuration for Urban Macro/ Dense Urban Macro layer/ Dense Urban Micro layer
	FR1
	=
(8,8,2,1,1;2,8) 
 = (0.5, 0.8)λ,  +45°/-45° polarization
	· SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (4,8,2,1,1).
· Number of TxRUs: same as legacy TDD
·  = (0.5, 0.8)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 4)λ

	
	FR2-1
	=
(4,16,2,2,2; 1,1)
= (0.5, 0.5)λ, +45°/-45° polarization
	· SBFD antenna configuration option-1 (Method 1)
· Two panel groups
· For each panel group: = (4,8,2,2,2).
· Number of TxRUs: same as legacy TDD
·  = (0.5, 0.5)λ,  +45°/-45° polarization, (da,H,da,V) = (0, 30)λ






RAN1#109e
	Agreement
For discussion purpose for evaluation, define the following deployment cases for SBFD:
· Deployment Case 1 (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.
· Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation, but different cells may use different SBFD subband configurations.
· Deployment Case 3 (Co-channel co-existence case): One single operator using one single carrier is considered. Among the cells belonging to the operator, some of them use legacy TDD operation (static TDD operation) while the others use SBFD operation with the same SBFD subband configuration.
· Deployment Case 3-1: Only 1-layer is considered 
· Deployment Case 3-2: 2-layer is considered
· Deployment Case 4 (Adjacent-channel co-existence case): Two operators each using one carrier are considered and the two carriers are adjacent carriers. One operator uses legacy TDD operation (static TDD operation) while the other operator uses SBFD operation with the same SBFD subband configuration.
Note: This definition has no intention to preclude any potential solutions for SBFD in AI9.3.2
Note: SBFD subband configuration is from gNB perspective.
Agreement
For SBFD Deployment Case 1, at least consider the following scenarios for evaluation:
· For FR1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· FFS: UE outdoor/indoor proportion, clustering, etc
· [bookmark: _Hlk103319711]Optional: Dense Urban with 1-layer or 2-layer (use Dense Urban defined in TR38.802/TR38.901 as starting point)
· FFS: Rural
· For FR2-1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Dense Urban Macro layer (use Dense Urban defined in TR38.802 as starting point)
· FFS: UE outdoor/indoor proportion, clustering, etc
· Optional: Dense Urban micro (use Dense Urban micro defined in TR38.802/TR38.901 as starting point)
· FFS: Whether FR2-2 is considered or not in Rel-18.
Note: For optional scenarios, they can be captured in TR and it is up to each company to provide the results. The results can be used to draw conclusion/recommendation depending on the number of companies providing the results.
Agreement:
Regarding gNB self-interference modelling for system level simulation purpose, consider introducing ratio of self-interference (RSI) to represent the overall self-interference suppression capability of gNB by means of spatial isolation, subband frequency isolation, digital interference cancellation and beamform nulling/isolation, etc. RSI also takes into account the impact of Tx/Rx antenna element gain on self-interference. The RSI, denoted as ,  can be defined as the ratio of the total power transmitted by gNB across all transmit chains on a frequency unit m (e.g., subband/RB/subcarrier m) in a SBFD carrier to the residual self-interference received by the same gNB on a single receiver chain on a different frequency unit n (e.g., another subband/RB/subcarrier n) in the same SBFD carrier.
· FFS: Model for link level simulations and relevant questions to ask RAN4
· FFS: details of gNB self-interference modelling using RSI in SLS. As one example based on per-RB-RSI, the gNB self-interference on a single receiver chain at UL RB n can be modelled as
· , wherein,
· 
· is the gNB self-interference on a single receiver chain at UL RB n caused by DL transmission on DL RB m.
· m is the DL RB index in DL subbands.
·  is gNB’s DL transmission power across all transmit chains at RB m (in dBm).
·  is the per-RB-RSI. 
· FFS: consider a statistical clutter model based on statistics of clutter strength and AoA.
· The following should be asked to RAN4:
· What is the value range of RSI  for each frequency range, and under what assumptions on the self-interference suppression means the value range of RSI is provided?
· RAN1 understands the RSI can be described per subband, per RB, or per subcarrier depending on the granularity of the frequency unit, and it is up to RAN4 to provide the RSI in which granularity.
· Whether it is possible for RAN4 to provide RAN1 the respective capabilities of different self-interference suppression means? e.g., is it possible to provide the separate estimates for spatial isolation, subband frequency isolation, beamform nulling/isolation, and digital cancellation, etc., as below?
· +… 
·  denotes the spatial isolation.
·  denotes the suband frequency isolation between the Tx frequency unit m and the Rx frequency unit n.
·  denotes the beamform nulling or beam isolation.
·  denotes the digital cancellation capability.
· Whether it is possible to simplify the RSI as frequency flat model, and under which condition(s) the dependency of the RSI on frequency can be ignored?
· The feasibility of provided value range of RSI regarding factors such as blocking, AGC, etc.
· Does RSI have any dependency with the following factors or any other factors? What are the dependencies?
· gNB’s antenna aspects, e.g., the assumed antenna architecture, the number of transmit chains and receive chains, etc.
· Frequency aspects, e.g., the frequency distance between the Tx frequency unit m and the Rx frequency unit n, the number of RBs allocated for DL transmission, etc.
· Beam aspects, e.g., Tx/Rx beam-pair for FR1/FR2 especially for clutter echo, etc.
· Note: RAN1’s consideration on the frequency locations and sizes of SBFD DL subband and SBFD UL subband assumed in SBFD operation can be provided to RAN4.
Agreement
[bookmark: _Hlk103807408]For discussion of gNB-gNB and UE-UE co-channel inter-subband CLI modelling in system level simulation, RAN1 understands at least the following two aspects need to be considered:
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs to the non-allocated RBs in the same carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in the presence of the unwanted signals at the non-allocated RBs. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)
· The following questions should be asked to RAN4: 
· Whether it is feasible to consider the above two aspects for gNB-gNB and UE-UE co-channel inter-subband CLI modelling in system level simulation? Are there any other aspects should also be taken into account?
· For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of gNB-gNB link, where the DL frequency unit m and UL frequency unit n are in the same carrier and non-overlapping in frequency, and assuming the aggressor gNB transmits on the DL frequency unit m and the victim gNB receives on the UL frequency unit n, 
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 1 (defined above) at the gNB transmitter?
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 2 (defined above) at the gNB receiver?
· How to model the above interferences for the following two cases:
· inter-site gNB-gNB co-channel inter-subband CLI
· co-site inter-sector co-channel inter-subband CLI
· For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of UE-UE link, where the DL frequency unit m and UL frequency unit n are in the same carrier and non-overlapping in frequency, and assuming the aggressor UE transmits on the UL frequency unit n and the victim UE receives on the DL frequency unit m, 
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 1 (defined above) at the UE transmitter?
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?
FFS: Usage of the above model provided by RAN4 in the evaluation
Agreement
At least the following metrics are considered for SBFD and dynamic/flexible TDD evaluation.
· DL/UL UPT or user throughput (CDF or {mean, 5%, 50%, 95%}) using SLS
· Latency (CDF or {mean, 5%, 50%, 95%}) using SLS
· Resource utilization using SLS
· [bookmark: _Hlk103784556]DL/UL received SINR using SLS
· Coverage metric
· FFS: MPL to achieve a certain bit rate in UL and DL
· FFS: definitions of the above metrics
· FFS: other metrics
Agreement
Regarding traffic model for SBFD and dynamic/flexible TDD evaluation, at least FTP3 is considered. Performance evaluation comparison between different duplex modes (e.g., legacy static TDD vs. SBFD) should be performed based on the same amount of input traffic.
· FFS: other traffic models, e.g., XR, VoIP
· FFS: Packet size, traffic load, ratio of DL/UL traffic
· FFS: additionally consider different amount of input traffic at least for adjacent-channel/co-channel coexistence studies
Agreement
For discussion for duplex evolution study (all agenda items), consider the following as RAN1’s common understanding:
· Co-channel interference: The interference is from the aggressor to the victim in the same carrier.
· Co-channel intra-subband interference: The interference is caused by transmission of the aggressor on a set of contiguous RBs in a carrier to reception of the victim on the same set of contiguous RBs in the same carrier.
· Co-channel inter-subband interference: The interference is caused by transmission of the aggressor in a first set of contiguous RBs in a carrier to reception of the victim in a second set of contiguous RBs in the same carrier, where the two contiguous RB sets are non-overlapping in frequency.
· Adjacent channel interference: The interference is from the aggressor in carrier#1 to the victim in carrier#2, where the carrier#1 and carrier#2 are adjacent carriers.
Note 1: ‘Co-channel’ here means ‘co-carrier’. ‘Adjacent-channel’ here means ‘adjacent-carrier’.
Agreement
For discussion for duplex evolution study (all agenda items), consider the following as the common understanding in RAN1 on the definition of interference types for SBFD operation:
· gNB self-interference (SI): Interference caused by DL transmission on a set of DL RBs in a carrier to UL reception on a set of UL RBs in the same carrier at the gNB side, where the two RB sets are non-overlapping in frequency.
· gNB-UE co-channel intra-subband interference: This is the same as the legacy DL interference type in legacy TDD network with static TDD UL/DL configuration.
· UE-gNB co-channel intra-subband interference: This is the same as the legacy UL interference type in legacy TDD network with static TDD UL/DL configuration.
· (inter-cell) inter-site gNB-gNB co-channel intra-subband CLI: CLI caused by DL transmission of the aggressor gNB on a set of RBs in one carrier to UL reception of the victim gNB in a different site on the same set of RBs in the same carrier.
· (inter-cell) co-site inter-sector co-channel intra-subband CLI: CLI caused by DL transmission of the aggressor gNB on a set of RBs in one carrier to UL reception of the victim gNB in another sector of the same site on the same set of RBs in the same carrier.
· (inter-cell) UE-UE co-channel intra-subband CLI: CLI caused by UL transmission of the aggressor UE on a set of RBs in one carrier to DL reception of the victim UE on the same set of RBs in the same carrier. 
· (inter-cell) inter-site gNB-gNB co-channel inter-subband CLI: CLI caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to UL reception of the victim gNB in a different site on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.
· (inter-cell) co-site inter-sector co-channel inter-subband CLI: CLI caused by DL transmission of the aggressor gNB on a first set of RBs in a carrier to UL reception of the victim gNB in another sector of the same site on a second set of RBs in the same carrier, where the two RB sets are non-overlapping in frequency.
· (intra-cell/inter-cell) UE-UE co-channel inter-subband CLI: CLI caused by UL transmission of the aggressor UE on a first set of RBs in a carrier to DL reception of the victim UE on a second set of RBs in the same cell or neighboring cell in the same carrier, where the two RB sets are non-overlapping in frequency.
· gNB-gNB adjacent-channel CLI: CLI caused by DL transmission of the aggressor gNB in a carrier to UL reception of the victim gNB in another adjacent carrier.
· This includes adjacent-channel CLI between gNBs in the same and different sectors of the same site, i.e., co-site intra and inter-sector adjacent-channel CLI.
· UE-UE adjacent-channel CLI: CLI caused by UL transmission of the aggressor UE in a carrier to DL reception of the victim UE in another adjacent carrier.
Note: Some of the interferences may not be used according to the deployment scenarios, e.g, whether the SBFD subband configurations are the same or different across gNBs.
Note: This does not imply we need to consider all the above interference types in evaluation for SBFD.
Agreement
Regarding gNB-gNB and UE-UE adjacent-channel CLI modelling for system level simulation, RAN1 understands at least the following aspects need to be considered:
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs in one carrier to the non-allocated RBs in the adjacent carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in one carrier in the presence of the unwanted signals at the non-allocated RBs in the adjacent carrier. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)
The following questions should be asked to RAN4: 
· Whether it is feasible to consider the above two aspects for gNB-gNB and UE-UE adjacent-channel CLI modelling in system level simulation? Are there any other aspects should also be taken into account?
· [bookmark: _Hlk103931113]For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of gNB-gNB link, where the DL frequency unit m and UL frequency unit n are in adjacent carriers and non-overlapping in frequency, and assuming the aggressor gNB transmits on the DL frequency unit m and the victim gNB receives on the UL frequency unit n, 
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 1 (defined above) at the gNB transmitter?
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 2 (defined above) at the gNB receiver?
· How to model the above interferences for the following cases:
· the two gNBs are from the same sector of the same site in adjacent carriers, i.e., co-site co-sector gNB-gNB adjacent-channel CLI
· the two gNBs are from different sectors of the same site in adjacent carriers, i.e., co-site inter-sector gNB-gNB adjacent-channel CLI
· the two gNBs are from different sites in adjacent carriers, i.e., inter-site gNB-gNB adjacent-channel CLI
· Whether it is feasible to define a similar interference ratio as BS-BS ACIR in TR38.828 but in the subband of the adjacent carrier, with finer granularity (e.g., per subband or per RB), to represent the overall effect of the Aspect 1 and Aspect 2 described above? 
· For example, whether it is feasible to define gNB-gNB-adjacent-channel-per-RB/subband interference ratio as the ratio of the power transmitted by the aggressor gNB on DL frequency unit m to the interference received by the victim gNB on UL frequency unit n? If it is feasible, then what is the value range of the gNB-gNB-adjacent-channel-per-RB/subband interference ratio for each frequency range?
· For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of UE-UE link, where the DL frequency unit m and UL frequency unit n are in adjacent carriers and non-overlapping in frequency, and assuming the aggressor UE transmits on the UL frequency unit n and the victim UE receives on the DL frequency unit m, 
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 1 (defined above) at the UE transmitter?
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?
· Whether it is feasible to define a similar interference ratio as UE-UE ACIR in TR38.828 but in the subband of the adjacent carrier, with finer granularity (e.g., per subband or per RB), to represent the overall effect of the Aspect 1 and Aspect 2 described above? 
· For example, whether it is feasible to define UE-UE-adjacent-channel-per-RB/subband interference ratio as the ratio of the power transmitted by the aggressor UE on UL frequency unit n to the interference received by the victim UE on DL frequency unit m? If it is feasible, then what is the value range of the UE-UE-adjacent-channel-per-RB/subband interference ratio for each frequency range?
FFS: How to make use of the interference model in RAN1
Agreement
For SBFD evaluation, consider the following for SBFD subband configurations:
· SBFD Subband configuration#1 with {DUD} pattern, which means one SBFD slot consists of one UL subband at the center of the channel bandwidth and two DL subbands at two sides of the channel bandwidth.
· SBFD Subband configuration#2 with {DU} pattern, which means one SBFD slot consists of one UL subband at one side of the channel bandwidth and one DL subband at the other side of the channel bandwidth.
· Use the following parameters for description of SBFD subband configuration in evaluation assumptions:
· ND: the number of RBs in one DL subband
· NU: the number of RBs in one UL subband
· NG: the number of RBs in one guard band between one UL subband and one DL subband
Agreement
For performance evaluation and comparison between baseline legacy TDD operation and SBFD operation under SBFD Deployment Case 1 (Non-coexistence case with single SBFD subband configuration), consider the following alternatives:
· Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
· Alt 4 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#3 (XXXXX), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
· Alt 1 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#1 (DXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
· Alt 3 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDSUU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
FFS: whether dynamic TDD can optionally be used for legacy TDD for comparison.
Agreement
For gNB-gNB co-channel/adjacent-channel channel model and UE-UE co-channel/adjacent-channel channel model in RAN1 SLS,
· Large scale fading (e.g., path loss, penetration loss, shadowing) should be modelled, and companies report whether small scale fading (e.g., fast fading including antenna gain) is also modelled in their simulation.
· Note: Antenna gain is calculated based on the gNB-gNB or UE-UE LOS direction instead on the multi-path directions if fast fading is not modelled.
· FFS: how to model realistic LOS probability for gNB-gNB and UE-UE channel model.
· FFS: How to set aligned channel model amongst companies for SLS calibration (if needed).
Agreement
For gNB-gNB channel model, reuse gNB-to-UE channel model in TR 38.901 with necessary modification
· Replacing the UE’s antenna height with gNB’s antenna height, updating the angular spread
Agreement
For SBFD simulation, consider 4GHz for FR1 and 30GHz for FR2-1.
Agreement
For evaluation of SBFD operation, BS uses separate panels for simultaneous downlink transmission and uplink reception, we can call it separate-Tx/Rx antenna array for description of evaluation assumption.
· Companies can report the separation of the Tx panel and Rx panel assumed in their simulation.
· Companies can report how the antenna elements are used for transmission or reception in a slot if BS does not perform simultaneous downlink transmission and uplink reception.
Agreement
For evaluation of legacy TDD operation, BS uses the same antenna array for downlink transmission and uplink reception, we can call it shared-Tx/Rx antenna array for description of evaluation assumption.
Agreement
For evaluation and comparison between SBFD and legacy TDD, assume the total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD. Regarding antenna elements, both of the two options can be used.
· Opt 1: The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD.
· Opt 2: The total number of antenna elements of the antenna array for SBFD is two times of the total number of antenna elements of the antenna array for legacy TDD.
· Companies report which option is assumed in their simulation.
Agreement
For SBFD Deployment Case 4, at least consider the following scenarios for evaluation from RAN1 perspective:
· FR1: Urban Macro
· FR2-1: Dense Urban Macro layer
· FFS: UE outdoor/indoor proportion, clustering, etc
· FFS: the grid shift between two networks, e.g., 0%, 100%
· FFS: Indoor hotspot, Dense Urban Micro layer




- 2/4 -
image3.png
Throughput (Mbps)

14

12

I Vean
I 5t
s0%tie
[ ESA
High Load-1dB  Medium Load-1dB  Low Load-1dB.

Average User Throughput




image4.png
Throughput (Mbps)

16

14

12

10

J JI

I Vean
I 5t
s0%tie
[ ESA

High Load-1dB  Medium Load-1dB  Low Load-1dB.

Median User Throughput





image5.png
Throughput (Mbps)

16

14

12

08

06

04

02

I Vean
I 5t
s0%tie
[ ESA

High Load-1dB

Medium Load-1dB
Tail User Throughput

Low Load-1dB




image6.png
Latency (ms)

60

50

40

EY

20

10

I Vean
I 5t
s0%tie
[ ESA

High Load-1dB

Medium Load-1dB
User Latency

Low Load-1dB




image7.emf
Macro 

TRP

Micro TRP center

Micro TRP 

R

NOTE: 

1) D

macro-to-micro-center

: minimum distance between Macro TRP to micro TRP center 

2) D

inter-micro-center

: minimum distance between micro TRP centers 

3) R: Radius of UE dropping around micro TRP center

D

inter-micro-center

/2


Microsoft_Visio_Drawing.vsdx
Macro TRP
Micro TRP center
Micro TRP
≥ Dinter-micro-center
≥ DMacro-to-micro-center
R
NOTE: 
1) Dmacro-to-micro-center: minimum distance between Macro TRP to micro TRP center 
2) Dinter-micro-center: minimum distance between micro TRP centers 
3) R: Radius of UE dropping around micro TRP center
Dinter-micro-center/2



image8.emf
panel

Panel group#1

d

g,H

 

d

g,V

（0,0）

（M

g

-1,0） （M

g

-1,N

g

-1）

（0,N

g

-1）

panel

Panel group#2

 

d

a,V

（0,0）

（M

g

-1,0） （M

g

-1,N

g

-1）

（0,N

g

-1）

A#1

A#2

（M

ȑ

p     

-1,N

ȑ

p     

-1）

（0,N

ȑ

p    

-1）

M

ÿ

p            

N

ÿ

p                

TXRUs


image9.png
K Tx Chains

K Rx Chains

Shared-Tx/Rx
antenna array

L elements

DL slots/symbols

K Tx Chains

K Rx Chains

Shared-Tx/Rx
antenna array

L elements

UL slots/symbols

Legacy TDD





image10.png
DL DL

—0 —
bUL\. bUL\.
DL slots/symbols SBFD slots/symbols UL slots/symbols

SBFD Option 2: Method 2-1




image11.png
DL DL
e e

K Rx Chains K Rx Chains UL
uL

DL slots/symbols SBFD slots/symbols UL slots/symbols
SBFD Option 2: Method 2-2





image12.png
Panel group#1
L/2 elements

K/2 Tx Chains

K/2 Rx Chains
Panel group#2

L/2 elements

DL slots/symbols

Panel group#1
L/2 elements

K/2 Tx Chains

K/2 Rx Chains
Panel group#2
L/2 elements

SBFD slots/symbols

Panel group#1

L/2 elements

K/2 Tx Chains

K/2 Rx Chains

Panel group#2
L/2 elements

UL slots/symbols

SBFD Option 3: Method 3-1





image13.png
Panel group#1
L/2 elements

Panel group#1
L/2 elements

Panel group#1
L/2 elements

K/2 Tx Chains K/2 Tx Chains K/2 Tx Chains

K/2 Rx Chains K/2 Rx Chains K/2 Rx Chains

Panel group#2 Panel group#2

L/2 elements

Panel group#2

L/2 elements L/2 elements

DL slots/symbols SBFD slots/symbols UL slots/symbols

SBFD Option 3: Method 3-2





image14.emf
0% grid shift 100% grid shift


Microsoft_Visio_Drawing1.vsdx
0% grid shift
100% grid shift



image1.png
TXRU group #2 DL slots/symbols

i ] uL
“TRUgoup 2 SBFD slots/symbols

SBFD Option 1-Method 1

TxRU group #2

UL
UL slots/symbols




image2.png
CDF

09

08

[ik4

06

05

04

03

02

01

— & —High Load-1dB Desense
— & ~Medium Load-1dB Desense
— © ~Low Load-1dB Desense

— + —High Load-0.1dB Desense

— + ~Medium Load-0.1dB Desense
— + ~Low Load-0.1dB Desense

10

15
Effective SINR [dB]

20

2

EY 35

40




