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[bookmark: _Ref506539118]Introduction
In 3GPP TSG RAN Meeting #94 [1], a new SID related to evolution of NR duplex operation was approved. As part of the objectives of this study item (SI), the following objectives have been identified:
	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).
a) Identify possible schemes and evaluate their feasibility and performances (RAN1).
b) Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
a. Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
c) 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).
d) Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
e) 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).


In this contribution, remaining issues related to the evaluation methodologies are discussed, and some calibration and initial evaluation results are provided. Our views related to other aspects of Rel.18 NR duplex evolution are provided in our companion contributions [7-8].

Remaining Details for the Interference Modelling
In prior RAN1 meeting [6], when discussing the interference suppression capability for co-site inter-sector co-channel inter-subband CLI, that depends on a component related to selectivity and leakage, and another related to spatial isolation, for the latter the following working assumption was made:
	Working Assumption:
For co-site inter-sector co-channel inter-subband CLI modelling, before receiving RAN4’s reply on the value of , RAN1 assume the following only for evaluation:
· FR1:
· 75dB for spatial isolation (RAN4 typical value).
· 93dB for spatial isolation (RAN4 best value).
· 100dB for spatial isolation 
· FR2:
· 88dB for spatial isolation (RAN4 typical value).
· 98dB for spatial isolation (RAN4 best value).
· 105dB for spatial isolation 
· In addition to spatial isolation and frequency isolation, companies can use digital cancelation and report the value, e,g., 10dB. Above does not imply that RAN1 assumes or does not assume digital cancelation is feasible.
· The feasibility of these values is up to RAN4. These values can be revisited based on further RAN4 inputs.
The 100dB/105dB isolation values for FR1 and FR2 are not from RAN4, but based on RAN4 input that some companies have proposed that isolating material could be added between sectors to increase the isolation. RAN4 has not yet discussed the details whether such approaches can be applied to outdoor sites


In this matter, in last LS from RAN4 [9], it has been confirmed that the spatial isolation values for FR1 are in the range of 62-93dB with 75dB being typical values, and for FR2 are in the range of 75-98dB with 88dB being typical values. Furthermore, RAN4 has indicated that some companies have proposed that isolating materials could be added between sectors to increase the isolation. However, RAN4 has not yet discussed the details of what kind of materials and the building practice or whether such approaches can be applied to outdoor sites, and therefore further improvement over the spatial isolation is FFS. With that said, it seems proper to confirm the above working assumption.
Proposal 1:  
· The working assumption related to spatial isolation is confirmed.
Coverage Enhancement Study and LLS Simulation Assumptions
In prior RAN1 meetings [5-6], the following agreements were reached regarding the LLS assumptions:
	Agreement
RAN1 agrees link-level simulations (LLS) may be performed for various purposes related to SBFD performance and feasibility in both FR1 and FR2, interested companies may perform LLS at least for the following purpose:
· To evaluate coverage performance
· Option 1: Take link level evaluation methodology in TR 38.830 (i.e., LLS + Link budget analysis) as starting point to evaluate the coverage performance (e.g., MPL, MCL, MIL) for SBFD considering inter-gNB/sector interference and self interference. 
· Other options (e.g. SLS as a tool to obtain the coverage metric) are not precluded 
· Details on LLS including but not limited to impact of different BS antennas to channel reciprocity / BF
· FFS: 
· To evaluate advanced receivers and realistic demodulation performance
· To evaluate UE-UE CLI mitigation performance 
· To evaluate gNB-gNB CLI mitigation performance
· To evaluate feasibility and performance of self-IC accounting for realistic non-linearities in the gNB transmit and receive chains 
· Details on LLS including but not limited to impact of different BS antennas to channel reciprocity / BF

Agreement
For link level evaluation of coverage performance, focus on Urban Macro scenario for FR1 and Dense Urban Macro Layer scenario for FR2-1.

Agreement
For link level evaluation of coverage performance, focus on the following uplink channels.
· PUSCH with 1Mbps target data rate for FR1
· PUSCH with 5Mbps target data rate for FR2-1
· FFS: PUCCH
· Note: the data rate is based on TR38.830

Agreement
For link level evaluation of coverage performance, use Alt 2 defined in SLS.
· 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.


While it has been agreed to utilize the LLS as a tool to evaluated the coverage performance for SBFD, it has been left for further study on whether to applying the LLS simulations to study other aspects such as evaluate advanced receivers and realistic demodulation performance or evaluate feasibility and performance of self-IC accounting for realistic non-linearities in the gNB transmit and receive chains. In this matter, while the study of these aspects may be quite interesting, these seem to be more marginal aspects and considering that the overall list of evaluations to do by RAN1 is quite overwhelming, it may be preferable to leave up to companies whether to provide additional LLS simulations for purposes other than coverage performance evaluation.
Proposal 2:
· It should be left up to companies to provide LLS simulations for purposes other than coverage performance. 
During prior RAN1 meetings [2-5], the group has agreed on the performance metrics to consider during both SBFD and flexible/dynamic TDD evaluations, and also agreed that a metric to capture coverage/capacity would be necessary since as described in our companion contribution [7] SBFD operation can help improve coverage/capacity for uplink transmission and reduce latency for both UL and DL transmission, by allocating the resource for PUSCH or PUCCH transmission in the uplink sub-band within the SBFD symbol, which is more critical in case of TDD UL/DL configuration with DL heavy pattern. However, the details have been left for further study.
From a link-level perspective, simulation assumptions and evaluation methodologies as agreed during Rel-17 NR coverage enhancement SI phase can be reused to investigate the performance gain for coverage that can be realized by SBFD. More specifically, the following performance metrics can be considered as starting points for coverage analysis for SBFD:
1. MCL = Total transmit power – Receiver sensitivity + gNB antenna gain (component 2).
1. MIL = Total transmit power – Receiver sensitivity – Tx loss – Rx loss + gNB antenna gain (component 2 + 3 + 4) + UE antenna gain.
1. MPL = MIL – Shadow fading margin + BS selection/macro-diversity gain – Penetration margin + Other gains.
Proposal 3: 
· The following metrics are used for evaluation on coverage performance: 
· MCL = Total transmit power – Receiver sensitivity + gNB antenna gain (component 2).
· MIL = Total transmit power – Receiver sensitivity – Tx loss – Rx loss + gNB antenna gain (component 2 + 3 + 4) + UE antenna gain.
· MPL = MIL – Shadow fading margin + BS selection/macro-diversity gain – Penetration margin + Other gains.
Further, for link-level simulations, both PUSCH and PUCCH could be simulated as in [10] and for the specific simulation assumptions the one summarized in the Table  and Table  in the Appendix II could be considered for SBFD performance evaluation for FR1 and FR2, respectively. 
Proposal 4:  
· For LLS evaluations, coverage enhancement study could be performed on both PUSCH and PUCCH transmissions.
Proposal 5:  
· The complete set of assumptions to use for LLS simulations can follow those provided in Table 1 and 2 of Appendix II for FR1 and in Table 3 and 4 of Appendix II.
In prior RAN1 meeting [6], it has been agreed to incorporate in the link level evaluations both self-interference and co-site inter-sector interference. However, for inter-site gNB-gNB co-channel inter-subband CLI, two options on how this should be modelled in the link level evaluations have been identified:
	Agreement
For link level evaluation of coverage performance for SBFD, the following interference components are added per each receive chain to the UL channel at SBFD symbols:
· Self-interference, modelled as additive white gaussian noise with fixed INR = - 6 dB targeting 1 dB desense similar to SLS.
· Co-site inter-sector interference, modelled as additive white gaussian noise with fixed INR = - X dB based on assumption of co-site isolation 
· Inter-site gNB-gNB co-channel inter-subband CLI, 
· Alt-1: the value of interference power is selected according to the INR distribution drawn based on the statistics from SLS.
· Alt-2: the value of interference power is determined based on the inter-site gNB-gNB co-channel inter-subband CLI model agreed for SLS taking into account the locations of victim gNB and several aggressor gNBs, and the gNB-gNB channel model
· FFS: Receiver blocking model


In this matter, while Alt-1 and Alt-2 may be somewhat similar, Alt-1 may be preferred given that depending on how the location of the victim and aggressors would be selected this would lead to a biased determination of the interference power. With that said, if Alt-1 is used, INR could be derived using Urban Macro scenario for FR1 and Dense Urban Macro Layer scenario for FR2-1, and related assumptions already agreed for SLS simulations.
Proposal 6:  
· When accounting for the Inter-site gNB-gNB co-channel inter-subband CLI in the LLS, Alt-1 is preferred (i.e., the value of the interference power is selected based on the INR distribution based on SLS statistics), where the INR is derived using Urban Macro scenario for FR1 and Dense Urban Macro Layer scenario for FR2-1, and related assumptions already agreed for SLS simulations.
In prior RAN1 meeting [6], several techniques to enhance coverage have been identified and listed as potential schemes to be evaluated through link level simulations:
	Agreement
Regarding the schemes for link level evaluation of PUSCH coverage performance,
· For baseline legacy TDD, consider
· Single slot PUSCH transmission
· For SBFD, consider the following techniques of coverage enhancement:
· Case 2: SBFD with PUSCH repetition type A
· Case 3: SBFD with TBoMS PUSCH
· Case 4: SBFD with PUSCH repetition type A and joint channel estimation
· FFS: Joint channel estimation across SBFD and non-SBFD slots 
· Case 5: SBFD with TBoMS PUSCH and joint channel estimation
· FFS: Joint channel estimation across SBFD and non-SBFD slots
· UL coverage metrics are obtained using link budget template and TDD/SBFD required SINR for target data rate.
Note: Evaluation accounts for different SINR level between SBFD and non-SBFD slots


In this matter, one aspect that was left for further study was on whether joint channel estimation across SBFD and non-SBFD slots should be considered for the case when SBFD with joint channel estimation and either PUSCH repetition type A or TBoMS PUSCH are considered. In this case, considering that frequency domain resource allocation of the UL may be different between an SBFD and a non-SBFD slot, it may be preferable not to perform joint channel estimation across the two.
Proposal 7: 
· For link level evaluation of PUSCH coverage performance, for case 4 (SBFD with PUSCH repetition type A and joint channel estimation) and 5 (SBFD with TBoMS PUSCH and joint channel estimation), no joint channel estimation is performed across SBFD and no-SBFD slots.
Calibration Results
In this section, calibration results for the agreed scenarios and agreed metrics are presented in Figure 1. The assumptions follow the agreements with one note that both large-scale (L) only and large-scale plus small-scale (LS) channel modelling results are presented.
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Figure 1 – Calibration Results

Observation 1:
· From the coupling loss statistics of calibration results, it can be observed:
· Decision to model large-scale only or large-scale plus small-scale channel may have substantial impact on results, especially in FR2 cases.
· In FR1 Urban Macro scenario, the serving link coupling loss shows poor link quality due to 80% of UEs indoor and on the ground floor.
· In FR1 Urban Macro scenario, it is expected that UE-UE interference from same cluster UEs may dominate SBFD performance due to good coupling loss.
System Level Evaluations
For initial system level evaluation, legacy TDD and SBFD are compared following Alt.4 configuration for Case-1. Four scenarios are studied:
· FR1 Indoor scenario;
· FR1 Urban Macro scenario;
· FR2 Indoor scenario;
· FR2 Dense Urban scenario.
More detailed evaluation assumptions can be found in Appendix I. In the following sub-sections, first the interference components for SBFD configuration XXXXX are analysed assuming higher FTP traffic loading. Second, in the next sub-section, packet delay metrics are shown for legacy TDD, SBFD without new interference modelled, and SBFD with full interference modelling.
Interference Components Breakdown
In this section, SBFD scenarios are analysed in terms of sensitivity to different interference components introduced by SBFD operation, for the co-channel case:
· (0XX or 1XX) Inter-subband UE-UE interference, caused by in-band emission and in-channel selectivity,
· (X0X or X1X) Inter-subband gNB-gNB interference, caused by in-band leakage and in-channel selectivity, including inter-sector interference,
· (XX0 or XX1) gNB inter-subband self-interference.
Here in the notations for results we use separate flags to indicate whether the interference component model is enabled (1) or disabled (0). For example, if all interference components are enabled, the flags are set to ‘111’, if all interference components are disabled, the flags are set to ‘000’, if only UE-UE inter-subband interference enabled, flags are set to ‘100’.
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Figure 1. FR1 Urban Macro Scenario interference components breakdown

As it can be observed for FR1 Urban Macro scenario, whenever UE-UE inter-subband interference component is enabled, the performance in DL degrades significantly. This is explained by indoor-to-outdoor serving links environment which makes the communication link quality itself already limited in DL and UL, creating many power limited UEs. These power limited UEs transmit near full power in UL and emit huge interference outside of their allocation into DL sub-bands. With UE clustering distribution, the UE-UE coupling loss allows hitting the DL reception of the other UE in the same building with very high interference level dropping DL SINR down to minus 40 dB in some cases.
The decreased DL channel quality also increases DL resource usage and consequently increases self-interference and leakage issues for UL direction.
UL performance is affected by inter-subband gNB-gNB interference, with self-interference component having a limited impact according to the agreed model.
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Figure 2. FR1 Indoor Scenario interference components breakdown

In FR1 Indoor scenario, the situation is different from Macro due to much better serving link quality and much less pronounced TX power levels in UL. Still UE-UE inter-subband interference is visible, although it does not limit the performance in this scenario and the considered loading. UL performance is practically unaffected.
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Figure 3. FR2 Dense Urban Scenario interference components breakdown

Inherently good spatial isolation in FR2 leads to almost no impact observed for DL in Dense Urban scenario. For UL, there is degradation caused by gNB-gNB inter-subband interference components and gNB self-interference components.
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Figure 4. FR2 Indoor Scenario interference components breakdown

Inherently good spatial isolation in FR2 leads to almost no impact observed for both DL and UL in Indoor scenario.

Observation 2:
· From the interference components analysis, for the considered scenarios and traffic loads it can be observed:
· FR2 DL operation is insensitive to new interference components from SBFD up to higher loading in FTP traffic.
· FR2 UL operation is affected by the new interference components from SBFD for Dense Urban scenario but does not experience outage in SINR.
· FR1 operation is sensitive to new interference components from SBFD:
· In Macro scenario, UE-UE and gNB-gNB interference is severe and causes degradation to SINR/RU.
· In Indoor scenario, UE-UE interference is also noticeable, but does not cause major degradation to system performance.

Packet Delay
In this section, full system operation performance in different traffic loading conditions is analysed. For each deployment scenario, the following case are evaluated:
· Non-SBFD legacy TDD with DDDSU slot pattern.
· SBFD with XXXXX slot pattern w/o new interference components enabled.
· SBFD with XXXXX slot pattern with new interference components enabled.
The performance is analysed in terms of UE-average packet delay CDF.
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Figure 5. FR1 Macro Scenario UE-average packet delay
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Figure 6. FR1 Indoor Scenario UE-average packet delay
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Figure 7. FR2 Dense Urban Scenario UE-average packet delay
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Figure 8. FR2 Indoor Scenario UE-average packet delay


Observation 3:
· From the UE-average packet delay analysis, for the considered scenarios and traffic loads it can be observed:
· FR2 scenarios experience noticeable packet delay gains in low to medium traffic loading conditions, and the gains are still observed in high loading conditions from SBFD.
· FR1 Indoor scenario experiences noticeable packet delay gains from SBFD, without observing impact from new interference types of SBFD.
· FR1 Macro scenario experiences noticeable degradation in DL when new SBFD interference type is enabled, but positive gains are observed in UL.


Link Level Evaluations
Preliminary Coverage Analysis for SBFD Operation
To investigate the coverage performance for SBFD operation, a link-level simulation’s campaign has been conducted for PUSCH repetitions. The simulation assumptions used are those summarized in the Appendix II in Table 1 for FR1 and Table 3 for FR2, respectively. Furthermore, two scenarios, as illustrated in Figure 9, are considered: 
1. Scenario a): DDDSU for TDD configuration without SBFD operation, 
1. Scenario b): DNNNU for TDD configuration with SBFD operation, where N indicates as SBFD slot. 
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[bookmark: _Ref131805424][bookmark: _Ref101962611]Figure 9: TDD configurations with SBFD for PUSCH repetitions
Figure 10 and Figure 11 illustrate preliminary link-level simulation results for PUSCH repetition with SBFD operation in FR1 and FR2, respectively. From these figures, it can be observed that link-level performance for PUSCH can be improved by increasing the number of repetitions. More specifically, 2~3dB performance gain can be observed by doubling the repetition levels for the PUSCH transmission, depending on UE moving speed and targeted data rate. 
Note that in the simulations, leakage from DL sub-band to UL sub-band for SBFD operation are not considered. As mentioned above, after RAN1 will be obtaining self-interference modelling from RAN4, further investigation would be needed to analyze the coverage performance for SBFD operation. 
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[bookmark: _Ref131805439][bookmark: _Ref101962625]Figure 10: Link-level simulation results for PUSCH repetition with SBFD operation in FR1
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[bookmark: _Ref131805442][bookmark: _Ref101962626]Figure 11: Link-level simulation results for PUSCH repetition with SBFD operation in FR2

Observation 4:
· Without self-interference modelling, 2~3dB link-level performance gain can be observed by doubling the repetition levels for PUSCH transmission in both FR1 and FR2. 

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views the evaluation methodologies to adopt to study the NR duplex evolution, and made the following observations and proposals:
Proposal 1:  
· The working assumption related to spatial isolation is confirmed.
Proposal 2:
· It should be left up to companies to provide LLS simulations for purposes other than coverage performance. 
Proposal 3: 
· The following metrics are used for evaluation on coverage performance: 
· MCL = Total transmit power – Receiver sensitivity + gNB antenna gain (component 2).
· MIL = Total transmit power – Receiver sensitivity – Tx loss – Rx loss + gNB antenna gain (component 2 + 3 + 4) + UE antenna gain.
· MPL = MIL – Shadow fading margin + BS selection/macro-diversity gain – Penetration margin + Other gains.
Proposal 4:  
· For LLS evaluations, coverage enhancement study could be performed on both PUSCH and PUCCH transmissions.
Proposal 5:  
· The complete set of assumptions to use for LLS simulations can follow those provided in Table 1 and 2 of Appendix II for FR1 and in Table 3 and 4 of Appendix II.
Proposal 6:  
· When accounting for the Inter-site gNB-gNB co-channel inter-subband CLI in the LLS, Alt-1 is preferred (i.e., the value of the interference power is selected based on the INR distribution based on SLS statistics), where the INR is derived using Urban Macro scenario for FR1 and Dense Urban Macro Layer scenario for FR2-1, and related assumptions already agreed for SLS simulations.
Proposal 7: 
· For link level evaluation of PUSCH coverage performance, for case 4 (SBFD with PUSCH repetition type A and joint channel estimation) and 5 (SBFD with TBoMS PUSCH and joint channel estimation), no joint channel estimation is performed across SBFD and no-SBFD slots.

Observation 1:
· From the coupling loss statistics of calibration results, it can be observed:
· Decision to model large-scale only or large-scale plus small-scale channel may have substantial impact on results, especially in FR2 cases.
· In FR1 Urban Macro scenario, the serving link coupling loss shows poor link quality due to 80% of UEs indoor and on the ground floor.
· In FR1 Urban Macro scenario, it is expected that UE-UE interference from same cluster UEs may dominate SBFD performance due to good coupling loss.
Observation 2:
· From the interference components analysis, for the considered scenarios and traffic loads it can be observed:
· FR2 DL operation is insensitive to new interference components from SBFD up to higher loading in FTP traffic.
· FR2 UL operation is affected by the new interference components from SBFD for Dense Urban scenario but does not experience outage in SINR.
· FR1 operation is sensitive to new interference components from SBFD:
· In Macro scenario, UE-UE and gNB-gNB interference is severe and causes degradation to SINR/RU.
· In Indoor scenario, UE-UE interference is also noticeable, but does not cause major degradation to system performance.
Observation 3:
· From the UE-average packet delay analysis, for the considered scenarios and traffic loads it can be observed:
· FR2 scenarios experience noticeable packet delay gains in low to medium traffic loading conditions, and the gains are still observed in high loading conditions from SBFD.
· FR1 Indoor scenario experiences noticeable packet delay gains from SBFD, without observing impact from new interference types of SBFD.
· FR1 Macro scenario experiences noticeable degradation in DL when new SBFD interference type is enabled, but positive gains are observed in UL.
Observation 4:
· Without self-interference modelling, 2~3dB link-level performance gain can be observed by doubling the repetition levels for PUSCH transmission in both FR1 and FR2. 
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Appendix I – SLS evaluation assumptions
This section summarized SLS evaluation assumptions.
	Parameter
	Description

	Set of scenarios
	Case 1:
· FR1 Indoor
· FR1 Urban Macro
· FR2 Indoor
· FR2 Dense Urban

	Bandwidth and numerology
	FR1: 100 MHz @ 4 GHz, 30 kHz
FR2: 200 MHz @ 30 GHz, 120 kHz

	Layout, antenna configuration, TX power
	As per SLS calibration agreements
SBFD antenna configuration Option 2 (Method 2-1)

	Channel model
	As per agreements
Small-scale plus large-scale modelling

	Traffic split option
	A UE is either DL or UL

	SBFD and TDD
	Non-SBFD:
· DDDSU, S configuration: 12:2:0
SBFD:
· XXXXX
· D:U:G as per agreements
· FR1: 104:55:5 PRB
· FR2: 52:26:1 PRB

	UL power control
	FR1 and FR2 Indoor: P0 = -60, alpha = 0.6
FR1 Urban Macro: P0 = -80, alpha = 0.8
FR2 Dense Urban: P0 = -86, alpha = 0.9

	Traffic model
	Asymmetric packet size with 0.5Mbyte for DL and 0.125 Mbytes for UL

	MIMO
	MU-MIMO up to 12 layers from gNB perspective
SU-MIMO up to 2 layers

	Scheduler metric
	Proportional fair

	Cross-sector spatial isolation
	FR1: 75 dB
FR2: 88 dB

	Processing delay
	4 slots



Appendix II – LLS evaluation assumptions
[bookmark: _Ref101963013][bookmark: _Ref101967525]Table 1. Simulation assumption for PUSCH for FR1
	Parameters
	Values

	Physical channel
	PUSCH

	Carrier frequency
	4 GHz 

	Frame structure for TDD and SBFD
	DDDSU (S: 10D:2G:2U)
XXXXU

	Bandwidth
	100MHz

	Waveform
	DFT-s-OFDM

	Subcarrier spacing for PUCCH
	30 kHz 

	MCS and TBS
	QPSK

MCS 3 and TBS 288 bits for 2 DMRS symbols
MCS 4 and TBS 304 bits for 4 DMRS symbols

	Resource allocation
	14 symbols, 4 PRB

	UE antenna configuration
	1Tx

	gNB antenna configuration
	4Rx for 4GHz

	Propagation channel
	TDL-C 300ns

	UE velocity
	3km/h for indoor, 120km/h for outdoor 

	Timing offset
	0

	Frequency offset
	0

	DMRS symbols
	2 symbols for 3km/h, 4 symbols for 120km/h

	Frequency hopping
	Intra-slot FH

	Receiver
	MMSE-IRC as baseline

	Channel estimation
	MMSE based channel estimation

	Performance metrics
	10% BLER



Table 2. Simulation assumption for PUCCH for FR1
	Parameters
	Values

	Physical channel
	PUCCH

	Carrier frequency
	4 GHz 

	Frame structure for TDD and SBFD
	DDDSU (S: 10D:2G:2U)
XXXXU

	Bandwidth
	100MHz

	Subcarrier spacing for PUCCH
	30 kHz 

	PUCCH Format
	Format 1, 2bits UCI.
Format 3, 4bits (3 bits A/N + 1 bit SR)/11/22 bits UCI

	Number of PRBs
	1 PRB

	UE antenna configuration
	1Tx

	gNB antenna configuration
	4Rx for 4GHz

	Propagation channel
	TDL-C 300ns

	UE velocity
	3km/h for indoor, 120km/h for outdoor 

	Timing offset
	0

	Frequency offset
	0

	DMRS symbols
	Number of DMRS symbols for PUCCH Format 3: Reported by companies

	Frequency hopping
	Intra-slot FH

	Receiver
	MMSE-IRC as baseline

	Channel estimation
	MMSE based channel estimation

	Performance metrics
	· For PUCCH format 1: 
DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.
ACK missed detection probability: 1%.
· For PUCCH format 3: 
BLER for Ack/Nack, SR: 1%
BLER for CSI: 1%, optional for 10%.



[bookmark: _Ref101963016]Table 3. Simulation assumption for PUSCH for FR2
	Parameters
	Values

	Physical channel
	PUSCH

	Carrier frequency
	28 GHz

	Frame structure for TDD and SBFD
	DDDSU (S: 10D:2G:2U)
XXXXU

	Bandwidth
	200 MHz

	Waveform
	DFT-s-OFDM

	Subcarrier spacing for PUCCH
	120 kHz

	MCS and TBS
	QPSK

MCS 6 and TBS 3824 for 2 DMRS symbols
MCS 7 and TBS 3752 for 4 DMRS symbols

	Resource allocation
	14 symbols, 30 PRBs

	UE antenna configuration
	1Tx

	gNB antenna configuration
	2Rx

	Propagation channel
	TDL-A 100ns 

	UE velocity
	3km/h for indoor, 30km/h for outdoor

	Timing offset
	0

	Frequency offset
	0

	DMRS symbols
	2 symbols for 3km/h, 4 symbols for 30km/h

	Frequency hopping
	Intra-slot FH

	Receiver
	MMSE-IRC as baseline

	Channel estimation
	MMSE based channel estimation

	Performance metrics
	10% BLER



Table 4. Simulation assumption for PUCCH for FR2
	Parameters
	Values

	Physical channel
	PUCCH

	Carrier frequency
	4 GHz 

	Frame structure for TDD and SBFD
	DDDSU (S: 10D:2G:2U)
XXXXU

	Bandwidth
	200MHz

	Subcarrier spacing for PUCCH
	120 kHz 

	PUCCH Format
	Format 1, 2bits UCI.
Format 3, 4bits (3 bits A/N + 1 bit SR)/11/22 bits UCI

	Number of PRBs
	1 PRB

	UE antenna configuration
	1Tx

	gNB antenna configuration
	2Rx

	Propagation channel
	TDL-A 100ns 

	UE velocity
	3km/h for indoor, 120km/h for outdoor 

	Timing offset
	0

	Frequency offset
	0

	DMRS symbols
	4 DMRS symbols for PUCCH Format 3

	Frequency hopping
	Intra-slot FH

	Receiver
	MMSE-IRC as baseline

	Channel estimation
	MMSE based channel estimation

	Performance metrics
	· For PUCCH format 1: 
DTX to ACK probability: 1%. NACK to ACK probability: 0.1%.
ACK missed detection probability: 1%.
· For PUCCH format 3: 
BLER: 1%
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