
Page 1

[bookmark: _Hlk105435648]3GPP TSG RAN WG1 #110			     R1-2206582
Toulouse, France, August 22nd – August 26th, 2022

Source:	Intel Corporation
Title:	Evaluation of NR Duplex Evolution
Agenda item:	9.3.1
Document for:	Discussion and Decision
[bookmark: _Ref506539118]1 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 context, in prior RAN1 meeting [2] the following agreements have been made regarding the evaluation methodologies to adopt to study the NR duplex evolution:
	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)
[bookmark: _Hlk103319711]FFS: UE outdoor/indoor proportion, clustering, etc
· 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 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 modeled.
· 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
· FFS: whether/how to update LOS probability.
· FFS: Other details and necessary modifications

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


In this contribution, the remaining issues related to the evaluation methodologies will be discussed, and some initial evaluations will be provided.

2 Deployments Scenarios
In prior RAN1 meeting [2], four deployment cases have been agreed for the sub-band non-overlapping full duplexing (SBFD) evaluations:
· Deployment Case 1: One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD sub-band configuration.
· Deployment Case 2: 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 sub-band configurations.
· Deployment Case 3: 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: 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.

For deployment case 1, the deployment scenarios to consider when evaluating the performance of SBFD when operating in FR1 and FR2-1 have been agreed, but whether to additionally consider FR2-2 has been left for further study.  Considering that for FR2-2 part of the available band may be licensed and the remaining unlicensed with several constrains mandated by regional regulatory requirements, additional considerations may be needed to evaluate and enable SBFD and flexible/dynamic TDD in this band, and given the already wide scope of this SI, it may be preferable to deprioritize FR2-2 for the moment, and revisit this later depending on the progress.
Proposal 1: 
· Studies/evaluations of SBFD and flexible/dynamic TDD in FR2-2 are deprioritized and can be revisited later depending on progress.
While in prior meeting [2] the deployment scenarios agreed have been targeted for case 1, our understanding is that while no explicit agreement has been made these are also applicable to case 2 and case 3 with single-layer (case 3-1) for both FR1 and FR2-1, and no further discussion is needed in this matter. 
Proposal 2:
· RAN1 to confirm that same deployment scenarios agreed for SBFD deployment case 1 are also considered for SBFD case 2 and 3 with single layer.
However, for all these deployments one aspect that needs to be yet discussed and for which RAN1 must yet converge is regarding the dropping model for the UEs. In this matter, for the indoor office scenarios the UE’s shall be dropped uniformly with 100% indoor. However, for all other scenarios (i.e., urban macro and dense urban) both uniform and clustered dropping could be considered at the same priority level, where the ratio between indoor and outdoor UEs could be set so that 80% of UEs are indoor and 20% of UEs are outdoor.  
Proposal 3: 
· For deployments case 1-2 and 3 with single-layer for SBFD for both FR1 and FR2-1:
· Uniform dropping with 100% indoor UEs could be considered for indoor office scenario.
· Clustered dropping and uniform dropping could be instead considered at the same priority level for all other deployments with [80:20]% indoor: outdoor ratio. 
In prior meeting [2], the deployments to use for the evaluation of the performance of flexible/dynamic TDD have been discussed, but RAN1 has not been able to converge on the exact list of scenarios. In our view, while companies could be free to additionally evaluate any deployment they would consider proper, the same deployments agreed for SBFD evaluations could be additionally applied for flexible/dynamic TDD, given that these are typical and representative scenarios. 

Proposal 4: 
· For flexible/dynamic TDD, at least the following scenarios are considered for evaluation:
· FR1:
· Indoor office with dynamic TDD UL/DL assignment
· Urban Macro with dynamic TDD UL/DL assignment
· Optional: Dense Urban with two layers deployed in the same carrier, where macro gNBs use DL dominant static TDD UL/DL configuration. Both of the following options can be considered for this scenario:
· Option 1: Micro gNBs use UL dominant static TDD UL/DL configuration
· Option 2: Micro gNBs use dynamic TDD UL/DL assignment
· FR2-1:
· Indoor office with dynamic TDD UL/DL assignment
· Dense Urban Macro layer with dynamic TDD UL/DL assignment

3 Channel Models
In prior RAN1 meeting [2], it has been agreed to reuse the gNB-to-UE channel model in TR 38.901 [3] for gNB-to-gNB links, where the UE’s antenna height is now replaced with the gNB’s antenna height, while updating the angular spread. However, no agreement was made regarding the channel model to use for UE-to-UE links, while RAN1 has identified the following two possible options:
· Option 1: Reuse the gNB-UE 5GCM in TR 38.901 with necessary modifications for both FR1 and FR2, similar as the UE-UE channel model for flexible duplex evaluation in TR38.802 for FR2.
· For Indoor hotspot, reuse the gNB-UE 5GCM Indoor-office in TR38.901, and for Dense urban and Urban macro, reuse the gNB-UE 5GCM Umi-Street canyon in TR38.901 with necessary modification, e.g., 
· Replacing the gNB’s antenna height with UE’s antenna height, updating ASD and ZSD.
· FFS: Other details and necessary modifications.
· [bookmark: _Hlk102675378]Option 2: Reuse the UE-UE channel model for flexible duplex evaluation in TR 38.802 for both FR1 and FR2 with necessary modifications.
In this matter, we have a slight preference for option 1, so that to align the channel model for gNB-to-UE and gNB-to-gNB with that for UE-to-UE. Furthermore, the channel model for FR1 in 38.802 is meant to model an LTE 3D channel, which may not be appropriate in this type of evaluations.
Proposal 5: 
· Reuse the gNB-UE 5GCM in TR 38.901 with necessary modifications for both FR1 and FR2, similar as the UE-UE channel model for flexible duplex evaluation in TR38.802 for FR2.
· For Indoor hotspot, reuse the gNB-UE 5GCM Indoor-office in TR38.901, and for Dense urban and Urban macro, reuse the gNB-UE 5GCM Umi-Street canyon in TR38.901 with necessary modification, e.g., 
· Replacing the gNB’s antenna height with UE’s antenna height, updating ASD and ZSD.
· FFS: Other details and necessary modifications.
Another important aspect that in prior meeting has been left for further study is related to the LOS probability model to use for both gNB-to-gNB and UE-to-UE links. In this matter, rather than defining new models, the existing models provided in 38.901 [3] could be reused and adopted to distinguish the penetration loss for the outdoor to indoor and indoor to indoor case. In this case, similarly as Rel.14 evaluation for flexible duplexing (FD), InH models could be used to model the penetration loss for indoor to indoor case, while UMi could be used to model the outdoor to indoor case.
Proposal 6: 
· The existing LOS probability models provided in 38.901 can be reused for the LOS probability model for both gNB-to-gNB and UE-to-UE links.
· To distinguish outdoor to indoor and indoor to indoor cases, similarly as in Rel.14 evaluation for flexible duplexing (FD) InH model is used to model the penetration loss for indoor to indoor case, while UMi is used to model the outdoor to indoor case.

4 General Assumptions 
In previous RAN1 meeting [2], it has been agreed that for both SBFD and flexible/dynamic TDD evaluations the FTP3 traffic model would be used, but all the details have been left for further study. In our view, in order to reduce simulation running time, it is acceptable to use a packet size of 0.1 Mbytes, which is the smallest of the typical eMBB packet sizes considered in 3GPP evaluations. Furthermore, the effect of different traffic load and DL/UL split should be considered: for instance, in terms of traffic load the case of 20%, 40%, 60%, and 80% buffer occupancy could be considered, while in terms of DL/UL split, the DL/UL ratio 4:1, and 2:1 could be also considered. 
Proposal 7: 
· Regarding the baseline assumptions for the FTP3 traffic model:
· Different levels of loading in each duplex direction (DL/UL) are considered, including 20%, 40%, 60%, and 80%
· Different values of DL:UL traffic ratio are studied, including 4:1 and 2:1.
· The packet size is fixed to 0.1 MB.
With that said, the full SLS assumptions for both FR1 and FR2-1 are summarized in Appendix II. 
In order to make sure results provided by companies and included in the final technical report would be comparable, it is our preference to perform before full set of results are submitted by companies at least a geometry calibration using the channel models and LOS models agreed. While it may not be necessary to calibrate across all the deployments, calibration could be done over at least one representative deployment, and for instance over indoor office deployment for FR1, while companies could optionally provide results for any other deployment. 
Proposal 8: 
· To ensure comparable results are generated, SLS calibration among companies is preferred
· Companies may provide at least geometry results using agreed channel models and LOS models
· Results for FR1 in indoor deployment could be mandatory, but companies can provide optionally results for any other deployments
4.1 Additional Consideration for SBFD 
In prior RAN1 meeting [2], in order to make sure fair comparison is performed between static TDD and SBFD, the following agreement was made regarding their specific time domain allocations:
	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.



However, for Alt 3, the calculation of the percentage of channel BW devoted to UL in the SBFD Frame #2 seems to be erroneous, since for SBFD the percentage of channel BW devoted to UL is 1/4 of the total BW, which corresponds to 25% and not 20% as per the above agreement. Therefore, the above agreement should be revised as follows:
	· 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% 25%] of the channel bandwidth.



Proposal 9:
· For the agreement related to the time domain allocations for SBFD, the following update should be applied to Alt 3: 
· 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% 25%] of the channel bandwidth.
During prior RAN1 meeting [2], 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 [5] 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. 
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 [7]:
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.
Further, for link-level simulations, assumptions for PUSCH and PUCCH as listed in [7] can be considered. To reduce the simulation workload, a subset of simulation assumptions can be selected for coverage analysis for SBFD operation. For instance, target data rate for PUSCH transmission under SBFD operation can be 100 kbps at 4 GHz carrier frequency in FR-1 and 5 Mbps at 28 GHz for FR-2. As for the specific simulation assumptions, these are summarized in the Table 1 and Table 2 in the Appendix I, and can be considered as starting points for SBFD performance evaluation for FR1 and FR2, respectively. 

Note that for link-level simulation for SBFD coverage analysis, self-interference modelling needs to be considered. With practical self-interference modelling for SBFD operation, performance gains for coverage may also depend on the relative frequency location of DL/UL sub-band and the PUSCH transmission. Various modelling options may be considered, including an In-Band Emissions (IBE) model-based approach or a translation of the model of self-interference that was shared with RAN4 via an LS sent during RAN1 #109-e. However, further feedback/confirmation from RAN4 on the used model would be desirable.

Proposal 10:
· In order to investigate the performance gain for coverage realized by SBFD, MPL should be also included  in the list of performance metrics.
· As Rel. 17 NR coverage enhancements studies, RAN1 should focus on link-budget analysis to determine MPL, which already includes MCL/MIL as intermediate steps, with use of LLS evaluations to derive the required SNRs and possibly SLS evaluations to estimate Tx antenna gain correction factor  (up to companies).
· Simulation assumptions and evaluation methodologies as agreed during Rel-17 NR coverage enhancement SI can be considered as starting points for evaluation of coverage performance for SBFD operation. 
· Consider Table 1 and Table 2 in the Appendix I for SBFD performance evaluation for FR1 and FR2, respectively. 
· Discuss further on self-interference modelling for link-level simulations and coverage analysis for SBFD.  

5 Initial 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 I in Table 1 for FR1 and Table 2 for FR2, respectively. Furthermore, two scenarios, as illustrated in Figure 1, 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. 
[image: ]
[bookmark: _Ref101962611]Figure 1 - TDD configurations with SBFD for PUSCH repetitions
Figure 2 and Figure 3 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. 
[image: ]
[bookmark: _Ref101962625]Figure 2 – Link-level simulation results for PUSCH repetition with SBFD operation in FR1

[image: ]
[bookmark: _Ref101962626]Figure 3 – Link-level simulation results for PUSCH repetition with SBFD operation in FR2
Observation 1:
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. 

Preliminary SINR Analysis for Dynamic/Flexible TDD
In order to investigate the CLI impact on system-level perspective when dynamic/flexible TDD is used, some initial simulation campaign has been conducted, which focuses on geometry-only analysis. Four different scenarios are considered:
· Indoor office deployment in FR-1.
· Urban macro deployment in FR-1.
· Indoor office deployment in FR-2.
· Dense urban macro deployment in FR-2.
The simulation assumptions used are those summarized in the Appendix II in Table 3 for indoor office deployment in FR-1, Table 4 for urban macro deployment in FR1, in Table 6 for indoor office deployment in FR-2, Table 7 for dense urban macro deployment in FR2, respectively. 
For each deployment, the following figures show both the CDF of the DL and UL SINR, and for each CDF it is also shown the case when a flexible/dynamic TDD is where through which half of the cells operate in UL and the other half in DL.
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1. DL SINR Geometry                                                                            b) UL SINR Geometry
Figure 4 - CDF of DL and UL SINR in an indoor deployment for FR-1
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1. DL SINR Geometry                                                                            b) UL SINR Geometry
Figure 5 - CDF of DL and UL SINR in an urban macro deployment for FR-1
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1. DL SINR Geometry                                                                            b) UL SINR Geometry
Figure 6 - CDF of DL and UL SINR in an indoor deployment for FR-2
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1. DL SINR Geometry                                                                            b) UL SINR Geometry
Figure 7 - CDF of DL and UL SINR in an dense urban macro deployment for FR-2
Figure 4-7 highlight when dynamic/flexible TDD operation is used, the UL performance degrades substantially, especially in FR-1, due to gNB-to-gNB cross-link interference, while the DL performance may only slightly increase due to the lower TX power used by the UEs. Thus, this motivates considerations of possible enhancements to address gNB-to-gNB CLI as described in our companion document [6].
Observation 2:
· In absence of any coordination, due to gNB-to-gNB CLI the UL performance may substantially degrade in both FR-1 and FR-2 irrespective of the scenario when dynamic/flexible TDD operations is supported.

[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: 
· Studies/evaluations of SBFD and flexible/dynamic TDD in FR2-2 are deprioritized and can be revisited later depending on progress.
Proposal 2:
· RAN1 to confirm that same deployment scenarios agreed for SBFD deployment case 1 are also considered for SBFD case 2 and 3 with single layer.
Proposal 3: 
· For deployments case 1-2 and 3 with single-layer for SBFD for both FR1 and FR2-1:
· Uniform dropping with 100% indoor UEs could be considered for indoor office scenario.
· Clustered dropping and uniform dropping could be instead considered at the same priority level for all other deployments with [80:20]% indoor: outdoor ratio. 
Proposal 4: 
· For flexible/dynamic TDD, at least the following scenarios are considered for evaluation:
· FR1:
· Indoor office with dynamic TDD UL/DL assignment
· Urban Macro with dynamic TDD UL/DL assignment
· Optional: Dense Urban with two layers deployed in the same carrier, where macro gNBs use DL dominant static TDD UL/DL configuration. Both of the following options can be considered for this scenario:
· Option 1: Micro gNBs use UL dominant static TDD UL/DL configuration
· Option 2: Micro gNBs use dynamic TDD UL/DL assignment
· FR2-1:
· Indoor office with dynamic TDD UL/DL assignment
· Dense Urban Macro layer with dynamic TDD UL/DL assignment
Proposal 5: 
Reuse the gNB-UE 5GCM in TR 38.901 with necessary modifications for both FR1 and FR2, similar as the UE-UE channel model for flexible duplex evaluation in TR38.802 for FR2.
For Indoor hotspot, reuse the gNB-UE 5GCM Indoor-office in TR38.901, and for Dense urban and Urban macro, reuse the gNB-UE 5GCM Umi-Street canyon in TR38.901 with necessary modification, e.g., 
Replacing the gNB’s antenna height with UE’s antenna height, updating ASD and ZSD.
FFS: Other details and necessary modifications.
Proposal 6: 
The existing LOS probability models provided in TR 38.901 can be reused for the LOS probability model for both gNB-to-gNB and UE-to-UE links.
To distinguish outdoor to indoor and indoor to indoor cases, similarly as in Rel.14 evaluation for flexible duplexing (FD) InH model is used to model the penetration loss for indoor to indoor case, while UMi is used to model the outdoor to indoor case.
Proposal 7: 
Regarding the baseline assumptions for the FTP3 traffic model:
Different levels of loading in each duplex direction (DL/UL) are considered, including 20%, 40%, 60%, and 80%
Different values of DL:UL traffic ratio are studied, including 4:1 and 2:1.
The packet size is fixed to 0.1 MB.
Proposal 8: 
To ensure comparable results are generated, SLS calibration among companies is preferred
Companies may provide at least geometry results using agreed channel models and LOS models
Results for FR1 in Indoor deployment could be mandatory, but companies can provide optionally results for any other deployments
Proposal 9:
For the agreement related to the time domain allocations for SBFD, the following update should be applied to Alt 3: 
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% 25%] of the channel bandwidth.
Proposal 10:
In order to investigate the performance gain for coverage realized by SBFD, MPL should be also included  in the list of performance metrics.
As Rel. 17 NR coverage enhancements studies, RAN1 should focus on link-budget analysis to determine MPL, which already includes MCL/MIL as intermediate steps, with use of LLS evaluations to derive the required SNRs and possibly SLS evaluations to estimate Tx antenna gain correction factor  (up to companies).
Simulation assumptions and evaluation methodologies as agreed during Rel-17 NR coverage enhancement SI can be considered as starting points for evaluation of coverage performance for SBFD operation. 
Consider Table 1 and Table 2 in the Appendix I for SBFD performance evaluation for FR1 and FR2, respectively. 
Self-interference modelling should be considered for link-level simulation for SBFD. 
Observation 1:
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. 
Observation 2:
· In absence of any coordination, due to gNB-to-gNB CLI the UL performance may substantially degrade in both FR-1 and FR-2 irrespective of the scenario when dynamic/flexible TDD operations is supported.
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Appendix I
[bookmark: _Ref101963013][bookmark: _Ref101967525]Table 1. Simulation assumption for PUSCH in FR1
	Parameters
	Values

	Physical channel
	PUSCH

	Carrier frequency
	Rural: 4 GHz (TDD) – NLOS

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

	Bandwidth
	4 GHz – 100MHz

	Waveform
	DFT-s-OFDM

	Subcarrier spacing for PUCCH
	30kHz for TDD

	MCS and TBS
	QPSK

eMBB:
Rural, TDD: 
MCS 3 and TBS 288 bits for 2 DMRS symbols
MCS 4 and TBS 304 bits for 4 DMRS symbols


	Resource allocation
	eMBB:
Rural: 14 symbols, 4 PRB

	UE antenna configuration
	1Tx

	gNB antenna configuration
	4Rx for 4GHz

	Propagation channel
	Rural: TDL-C 300ns

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

	Timing offset
	0

	Frequency offset
	0

	DMRS symbols
	eMBB:
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
	For eMBB, 10% iBLER



[bookmark: _Ref101963016]Table 2. Simulation assumption for PUSCH in FR2
	Parameters
	Values

	Physical channel
	PUSCH

	Carrier frequency
	28 GHz

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

	Bandwidth
	100 MHz

	Waveform
	DFT-s-OFDM

	Subcarrier spacing for PUCCH
	120kHz

	MCS and TBS
	QPSK

Urban/Indoor:
MCS 6 and TBS 3824 for 2 DMRS symbols
MCS 7 and TBS 3752 for 4 DMRS symbols


	Resource allocation
	eMBB:
Urban: 14 symbols, 30 PRBs


	UE antenna configuration
	1Tx

	gNB antenna configuration
	2Rx

	Propagation channel
	Urban scenario: TDL-A 100ns 

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

	Timing offset
	0

	Frequency offset
	0

	DMRS symbols
	eMBB:
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
	For eMBB, 10% iBLER




Appendix II
Table 3. Simulation assumption for indoor office deployment in FR1
	Parameters
	Values

	Layout
	[image: ]

	Inter-BS distance
	20 m

	Minimum BS-to-UE
	0 m 

	Minimum UE-to-UE distance
	3 m 

	Carrier frequency
	4 GHz

	Simulation bandwidth
	20 MHz 

	BS TX power
	24 dBm

	UE TX power
	23 dBm

	BS antenna
	(Mg,Ng,M,N,P)=(1,1,4,4,2) (dH,dV)=(0.5,0.5)λ

	BS antenna height:
	3 m

	UE antenna
	Omni

	UE antenna height
	1.0 m

	Antenna gain of UE
	0 dBi

	Cell selection criteria
	Cell selection is based on RSRP

	BS receiver noise figure
	5 dB

	UE receiver noise figure
	9 dB

	Traffic model
	FTP traffic model 3 with packet size 0.1 Mbytes

	UE distribution 
	10 UEs per TRP



Table 4. Simulation assumption for urban macro deployment in FR1
	Layout
	Single layer with 19 hexagonal cell with wrap around

	Inter-BS distance
	500 m

	Minimum BS-to-UE
	35 m 

	Minimum UE-to-UE distance
	3 m 

	Carrier frequency
	4 GHz

	Simulation bandwidth
	20 MHz 

	BS Tx power
	49 dBm

	UE Tx power
	23 dBm

	BS antenna configurations
	(Mg,Ng,M,N,P)=(1,1,4,4,2) (dH,dV)=(0.5,0.8)λ

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	5 dBi 

	BS receiver noise figure
	5 dB

	UE antenna configuration
	Omni

	UE antenna height
	Same as 3D-Uma in TR 36.873 [4]

	UE antenna gain
	0 dBi

	UE receiver noise figure
	9 dB

	Traffic model
	FTP traffic model 3 with packet size 0.1 Mbytes

	UE distribution 
	10 UEs per TRP, 20% outdoor and 80% indoor



Table 5. Simulation assumption for dense urban deployment in FR1 (Optional)
	Layout
	Fixed cluster circle within a macro cell.

	# of micro BSs per macro cell
	3

	Inter-BS distance
	200 m

	Minimum BS-to-UE
	35 m 

	Minimum UE-to-UE distance
	3 m 

	Carrier frequency
	4 GHz

	Simulation bandwidth
	20 MHz 

	BS Tx power
	44 dBm

	UE Tx power
	23 dBm

	BS antenna configurations
	(Mg,Ng,M,N,P)=(1,1,4,4,2) (dH,dV)=(0.5,0.8)λ

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	5 dBi 

	BS receiver noise figure
	5 dB

	UE antenna configuration
	Omni

	UE antenna height
	Same as 3D-Uma in TR 36.873 [4]

	UE antenna gain
	0 dBi

	UE receiver noise figure
	9 dB

	Traffic model
	FTP traffic model 3 with packet size 0.1 Mbytes

	UE distribution 
	10 UEs per TRP, 20% outdoor and 80% indoor



Table 6. Simulation assumption for indoor office deployment in FR2
	Layout
	[image: ]

	Inter-BS distance
	20 m

	Minimum BS-to-UE
	0 m 

	Minimum UE-to-UE distance
	3 m 

	Carrier frequency
	30 GHz

	Simulation bandwidth
	80 MHz 

	BS TX power
	24 dBm

	UE TX power
	23 dBm

	BS antenna
	(Mg,Ng,M,N,P)=(1,1,4,4,2) (dH,dV)=(0.5,0.5)λ

	BS antenna height
	3 m

	BS antenna element gain + connector loss
	5 dBi 

	BS receiver noise figure
	7 dB

	UE antenna configuration
	Omni

	UE antenna height
	1 m

	UE antenna gain
	0 dBi

	UE receiver noise figure
	13 dB

	Traffic model
	FTP traffic model 3 with packet size 0.1 Mbytes

	UE distribution 
	10 UEs per TRP



Table 7. Simulation assumption for dense urban macro deployment in FR2
	Layout
	Single layer with 19 hexagonal cell with wrap around

	Inter-BS distance
	200 m

	Minimum BS-to-UE
	35 m 

	Minimum UE-to-UE distance
	3 m 

	Carrier frequency
	30 GHz

	Simulation bandwidth
	80 MHz 

	BS Tx power
	40 dBm

	UE Tx power
	23 dBm

	BS antenna configurations
	(Mg,Ng,M,N,P)=(1,1,8,8,2) (dH,dV)=(0.5,0.8)λ

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	8 dBi 

	BS receiver noise figure
	7 dB

	UE antenna configuration
	Omni

	UE antenna height
	Same as 3D-Uma in TR 36.873 [4]

	UE antenna gain
	0 dBi

	UE receiver noise figure
	13 dB

	Traffic model
	FTP traffic model 3 with packet size 0.1 Mbytes

	UE distribution 
	10 UEs per TRP, 20% outdoor and 80% indoor



Table 8. Simulation assumption for dense urban micro deployment in FR2 (Optional)
	Layout
	Fixed cluster circle within a macro cell.

	# of micro BSs per macro cell
	3

	Inter-BS distance
	100 m

	Minimum BS-to-UE
	35 m 

	Minimum UE-to-UE distance
	3 m 

	Carrier frequency
	30 GHz

	Simulation bandwidth
	80 MHz 

	BS Tx power
	35 dBm

	UE Tx power
	23 dBm

	BS antenna configurations
	(Mg,Ng,M,N,P)=(1,1,8,8,2) (dH,dV)=(0.5,0.8)λ

	BS antenna height
	10 m

	BS antenna element gain + connector loss
	8 dBi 

	BS receiver noise figure
	7 dB

	UE antenna configuration
	Omni

	UE antenna height
	Same as 3D-Uma in TR 36.873 [4]

	UE antenna gain
	0 dBi

	UE receiver noise figure
	13 dB

	Traffic model
	FTP traffic model 3 with packet size 0.1 Mbytes

	UE distribution 
	10 UEs per TRP, 20% outdoor and 80% indoor
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Figure 7.2-1: Layout of indoor office scenarios.





