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1 Introduction
RAN#94-e endorsed the new Rel-18 study items on “Study on evolution of NR duplex operation” [1]. The objectives for this SI are shown below:
	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 deployment scenarios and evaluation methodologies for Rel-18 duplex evolution SI and provide initial SLS results in Appendix.

2 Applicable Scenarios for SBFD
In the last RAN1#109-e meeting, RAN1 categorized 4 SBFD deployment cases as below: 
1 
2 
3 
4 
5 
	Agreement (RAN1#109-e)
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 (RAN1#109-e)
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
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



For each deployment case, RAN1 needs to decide which deployment environments (including indoor, Micro, Macro, Rural) can be included for SBFD evaluation scenarios. The Table 1 summarizes the currently agreed deployment environments (in green) as per the deployment cases for SBFD evaluation. 

Table 1. Summary of SBFD deployment cases
	Deployment Environments
Deployments cases
	Indoor Hotspot/Office
	Dense Urban (1-layer/2-layer)
	Urban Macro

	Static TDD deployment (legacy)
	Baseline performance
 
	Baseline performance
	Baseline performance

	Deployment case 1. Non existence with single SBFD subband configuration
	FR1, mandatory
FR2-1, mandatory
	FR1, optional (1-layer, 2-layer)
FR2-1, mandatory (Macro layer)
       optional (Micro layer)
	FR1, mandatory

	Deployment case 2. Non existence with multiple SBFD subband configurations
	Not preferred
	Not preferred
	Not preferred

	Deployment case 3.Co-channel co-existence case
	Not preferred
	3-1 case: 1-layer
Not preferred
3-2 case: 2-layer
Neutral
	Not preferred

	Deployment case 4. Adjacent channel co-existence case 
	FFS
-> same as in Deployment case 1
	FR2-1, Mandatory (Macro layer)
FFS: Dense urban micro
-> same as in Deployment case 1
	FR1, mandatory


Green: Agreed, Red: FFS in agreements, Blue: our preference

For Case 2 and Case 3-1 where 1-layer deployment is used, the SBFD operation may suffer from strong intra-subband interference from aggressor gNBs or UEs. This is similar as in dynamic/flexible TDD. From the Rel-16 CLI study (TR38.828), due to the strong CLI (inter-gNB CLI or inter-UE CLI), the conclusion was that dynamic/flexible TDD is not feasible in Urban Macro or Dense Urban. For Rel-18 NR duplex evolution study, we may prioritize the commercially attractive deployment cases, which is Deployment case 1 or 4. So, at least Deployment case 2 and Case 3-1 can be excluded to reduce the SLS workload to a manageable level. 
For Case 3-2 where 2-layer deployment is used and one layer use static TDD operation and another layer uses SBFD operation, the intra-subband interference can be further reduced or suppressed by blocking between two layers. For example, if static TDD operation is applied to indoor hotspot and SBFD operation is applied to Macro layer, then the UE-to-UE CLI comes from macro (UL subband in SBFD operation) to indoor hotspot (DL symbol in static TDD operation) can be suppressed by lower transmission power from UE and blocking from outdoor to indoor. So, we can evaluate Case 3-2 with 2-layer deployment. Based on these observations, we propose: 

For SBFD deployment cases 2 and 3, the followings are suggested:
· Do not evaluate all deployment scenarios (Indoor Hopspot/Office, Dense urban Urban Macro) under Deployment case 2 as mandatory
· Do not evaluate Indoor Hotspot/Office, Dense Urban (1-layer) and Urban Macro under Deployment case 3 as mandatory
· Further discuss whether to evaluate Dense Urban (2-layer), where different layers have different duplex operation. 

In the SID [1], there is no restriction on applicable frequency range. However, FR2-2 is not suitable to SBFD operation. SBFD operation mainly provides UL coverage gain and DL/UL latency gain by introducing UL subband in DL symbols/slots. First, FR2-2 will be deployed for small cells where the distance between gNB and UE is quite smaller than the distance in Macro/Micro/Indoor hotspot in FR1/2-1. And, the coverage in FR2-2 is highly depending on beam direction so that accurate channel information to adjust beam direction is most important. Repetitions of UL transmission without correct beamforming cannot improve the performance significantly. Also, since the symbol duration of FR2-2, where 120kHz, 480kHz, or 960kHz SCS can be configured, is shorter so that its latency is quite small and additional latency gain for FR2-2 is marginal. So, we propose to not evaluate FR2-2 as mandatory for Rel-18 NR duplex evolution study phase. 

For NR duplex evolution evaluation, FR2-2 is not considered

The rural scenario can be one SBFD deployment environment to be considered in terms of coverage. However, a gNB for rural scenario may have much higher DL transmission power so that it requires high self-interference suppression capability. Based on self-interference capability analysis in our companion contribution [2], FR1 Macro gNB requires 140~185 dBc including 70~80dBc spatial isolation, 45dBc frequency isolation, ~10dB Bema nulling/isolation and 30-50dB digital IC. This self-interference suppression capability is already very stringent so there is no room to introduce additional interference cancelation (more than 50dB digital IC could not be achieved) when higher DL transmission power is used in rural BS. So, we propose to not evaluate rural scenario as mandatory for Rel-18 NR duplex evolution study phase. 

For NR duplex evolution evaluation, Rural scenario is not considered as mandatory

UE Distributions
In the last RAN1#109-e meeting, there were discussions on UE distributions including UE outdoor/indoor proportion, UE clustering model, and minimum UE-to-UE distance.  
UE outdoor/indoor proportion: as we agreed to reuse TR38.901, 80% indoor UEs and 20% outdoor UEs for FR1 Urban macro can be reused. For FR2-1 Dense Urban Macro layer and Dense Urban Micro layer, the same UE outdoor/indoor proportion is applicable. It is worth noting that for URLLC evaluation, 100% outdoor UEs were assumed for FR1 urban macro for power distribution and transport industry in TR38.824. Also, Rel-16 CLI study (TR38.828) uses 20% indoor UEs and 80% outdoor UEs for macro scenarios. So, RAN1 needs to discuss less than 80% indoor UEs to take into account some special use cases. 
UE clustering model: Since UE-to-UE CLI highly relies on the UE’s distribution, we can consider UE clustered model, where some of UEs are located in a certain area. But, this UE clustering model over-estimates UE-to-UE interference. First, based on realization of the Uniform random variable, the UEs can be clustered in some realization without introducing any artificial topology limitation. This clustered realization can take into account the real-world UE’s distribution. Even in the real-world UE’s distribution, UEs have own mobility so that their distribution is changed across time. But, if clustered UE distribution is adopted, it cannot capture UE’s random movement, i.e., the UEs in the cluster cannot be moved to out of clusters. Also, If RAN1 adopts the UE clustering model, RAN1 should discuss the following questions
· How many clusters are needed to capture the real-world UE’s distribution? Definitely, a single UE cluster per cell is not acceptable at least for Macro layer, where the number of UE clusters is quite larger than the single UE cluster. Also, this number may be a random variable. So, no clear number can be derived. 
· How many UEs are positioned in a cluster? In a cell, some of UEs are located in a cell with uniform distribution and other UEs are located in a cluster. The proportion of two types of UEs should be determined. Probably, outdoor UEs and some portion of indoor UEs can be categorized into uniformly distributed UEs. 
Minimum UE-to-UE distance: The minimum UE-to-UE distance is 3m for macro/micro cell and 1~3m for indoor call according to TR38.828. These values can be a starting point. To consider worst-case UE-to-UE CLI, lower distance such as 1m for macro/micro cell is additionally considered. 

RAN1 adopts the following UE side assumptions:
· UE outdoor/indoor proportion:
· 80% indoor UEs and 20% outdoor UEs as in TR38.901
· Further discuss whether other UE proportion such as less than 80% indoor UEs is needed or not
· UE distribution
· Uniform UE distribution, as in TR38.901
· Minimum UE-to-UE distance
· 3m for macro/micro cell and 1~3m for indoor 
· Further discuss whether 1m for macro/micro cell is needed or not

BS Distributions
In the SID objective, it is stated that RAN1 studies the impact on legacy operation assuming their co-existence in co-channel and adjacent channels. So, to evaluate the potential impact by adjacent channels, we need to define adjacent channel deployment.
The adjacent channel can be occupied and operated by the same operator or by the different operator. For the same operator, the position of gNBs operated in the adjacent band is exactly the same as the gNBs using a new duplex operation so that we can reuse the deployment scenario, i.e., the identical gNB position. For the different operators, the positions of gNBs of different operators may be different so that the deployment scenarios should be defined. TR38.828 defines grid shift to evaluate different operators’ adjacent channel interference. We can reuse this deployment, which are shown in Figure 1. 
[image: ]
Figure 1. Multi-operator deployment
As shown in Figure 1, the second operator’s gNBs (operated in adjacent channel, red) can be located at the edge of the first operator’s gNBs, i.e., 100% grid shift. It is the most optimistic scenario, i.e., the lowest adjacent channel interference may be observed. The two operators’ gNBs are located at the same location, i.e., 0% grid shift, which is the same as the single operator case. Also, we can take a middle between 0% grid shift and 100% grid shift. 
To evaluate adjacent channel interference in Macro layer, it is sufficient to consider two scenarios, 0% grid shift, and 100% grid shift. Note that the worst-case scenario in Figure 1 is only applicable to Macro layer (Urban macro deployment, or 1-layer Dense urban) and not applicable to the indoor hotspot.
For indoor scenarios, RAN1 needs to discuss how to shift grid since the room size is limited. 
The adjacent channel can use different duplex operations, for example, static TDD, SBFD, or dynamic/flexible TDD. It is too hard to consider all duplex operations for adjacent channel impact so that we propose to consider static TDD operation only. It is worth noting that UL subband for SBFD operation is configured in the middle of cell bandwidth, its adjacent channel interference is similar to that of the static TDD. 
For Deployment case, the following grid shift is considered as mandatory
· For Macro layer (in Urban macro or Dense urban), 
· Two operators’ gNBs are located at the same (0% grid shift)
· The second operator’s gNBs are located at edge of the first operator’s gNB (100% grid shift)
· For Indoor hotspot deployment (if agreed)
· Two operators’ gNBs are located at the same (0% grid shift)
· FFS: other grid shift values

3 Evaluation Methodology for SLS
3.1 Performance metric
	Agreement (RAN1#109-e)
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



DL/UL UPT CDF and (5%-tile, 50%-tile, 95%-tile):
The DL/UL UPT (in a unit of bps) for the single packet can be defined as amount of data (packet size) divided by time needed to transmit data (packet transmission time) as defined in TR36.814. On the other hand, we should consider the multiple packet arrivals of the agreed FTP3 model. The UPT for multiple packets can be defined as the total size of transmitted packets divided by total packet transmission time as below equation

where i denotes the i-th packet. 
By dropping multiple UEs and iterating multiple snapshots, we can obtain UPT of a UE and its CDF (across different snapshots). Since DL/UL UPT CDF is a statistical distribution of all UEs in all possible geometrical realizations, it would be a proper performance metric to measure system impacts. As per DL/UL UPT CDF, RAN1 could conclude overall network performance of static TDD, SBFD, and dynamic/flexible TDD operations. Note that 5%-tile UPT is called user experience date rate as defined in TR37.910. 
Latency CDF and (5%-tile, 50%-tile, 95%-tile):
The latency (in a unit of sec) can be defined as a packet transmission time which includes scheduling time and re-transmission time with a given traffic model. More specifically, packet transmission time is time when the packet is received in the transmit buffer, and ends when the last bit of the packet is correctly delivered to the receiver. It would be aligned with transmission time for a packet in UPT definition. However, the latency need to be considered the multiple packet situation as well. In order to make one value representing latency for a UE, the average from all latency for all packets which is intended for a UE. One of key performance targets of a new duplex operation is to reduce latency resulted by a long DL symbol period within a TDD UL/DL periodicity. 
Resource utilization
The resource utilization (in a unit of percentage) is can be defined as the number DL/UL RB per cell used by traffic during observation time is divided total number DL/UL RB per cell available for traffic over observation time as in TR36.814. The resource utilization is one of popular metric to confirm the quality of service experience. The resource usage for a network system, a portion of could be higher or lower during observation times depending on time and frequency resources. Since the SBFD has different time and frequency resource portion compared to legacy static TDD, the resource utilization can be different as well. To draw the resource utilization of the system, the average from all resource utilization from all cells can be used. 
DL/UL received SINR
RAN1 may need to align the evaluated results across different companies. For this objective, received SINR is widely used. Also, it is a good performance metric to check potential benefits of CLI handling schemes in each geometry. However, it is just an intermediate performance a specific link, and the final conclusion and recommendation should be drawn from the system-wise performance metric such as UPT or Latency. From the calibration perspective, geometry SINR can be metrics to align the implementation of UE-to-UE channel and gNB-to-gNB channel. In TR37.910, wideband SINR was used for calibration, which can be used.

Based on the discussion, we propose the following. 
For performance metrics, use the following definition
· DL/UL UPT CDF and (5%-tile, 50%-tile, 95%-tile): DL/UL UPT (in a unit of bps) of a UE is defined as total size of transmitted packets divided by total packet transmission time.
· 
· Latency CDF and (5%-tile, 50%-tile, 95%-tile): The latency (in a unit of sec) can be defined as a packet transmission time which includes scheduling time and re-transmission time with a given traffic model. 
· Resource utilization : The resource utilization (in a unit of percentage) is can be defined as the number DL/UL RB per cell used by traffic during observation time is divided total number DL/UL RB per cell available for traffic over observation time as in TR36.814.
· DL/UL received SINR: Wideband SINR from independent UE drops (geometry SINR), as used in TR37.910

3.2 Channel model 
	Agreement (RAN1#109-e)
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 (RAN1#109-e)
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



In the last RAN1 meeting, RAN1 discussed how to derive LOS probability between two gNBs. TR38.901 only defines LOS probability between gNB and UE. For example, for UMa the following equation is used to derive LoS probability  

where


Assuming 25m height for UMa gNB and d2D-out = 500m, the LOS probability is 30.3%. This LOS probability is too small to reflect gNB-gNB channel. So, we can further consider other options to provide a higher LOS probability. The first way is to fix a single value, for example 60% or 80%, for LOS probability of two gNBs. However, as in the LOS probability between gNB and UE, the LOS probability of two gNBs is also a function of the distance between two gNBs. If not, two gNB with a long distance, for example 4km away, can have the same LOS probability of two gNB with a short distance for example 500m away. So, such a fixed value LOS probability over-estimates BS-to-BS interference. Another way is to reduce the distance between two gNBs for LOS probability derivation. For example, instead of the distance of two gNBs, a smaller distance, e.g., half distance, can be used for d2D-out. If half distance is used, we can obtain 52.4% LOS probability of two gNBs with 500m away. 

For LOS probability for gNB-to-gNB channel, down select one option from the following options, 
· Option 1. Reuse the gNB-to-UE LOS probability equation in TS38.901 
· Consider gNB as outdoor UE in gNB-gNB channel model
· Option 2. Modify the gNB-to-UE LOS probability equation to provide higher LOS probability
· Instead of d2D-out, smaller (e.g., half of d2D-out) is used
· Option 3. Fixed LOS probability
· Whether to apply the fixed LOS probability to all gNB-to-gNB channel or nearest gNB-to-gNB channel

3.3 Detail Evaluation Parameters
Deployments related evaluation parameters 
As we described above, we focus on Indoor hotspot (FR1/FR2), Dense Urban (FR1/FR2), Urban Macro (FR1). The details for each deployment scenario related parameters (cell layout, gNB-to-UE/gNB-to-gBN/UE-to-UE channel model, gNB’s transmission power, antenna configuration for each scenario, etc) are shown in Tables 2-4, which are considered as starting point for duplex evolution.

Table 2. Indoor Hotspot
	Cell layout
	Room size (W x L x H) = 120m x 50m x 3m (ISD = 20m), 12 gNBs
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	Pathloss model
	InH : LoS and NLoS (TR38.901)

	Channel model
	gNB-to-UE : InH office (TR38.901)
gNB-to-gNB : InH office (TR38.901)
UE-to-UE : A.2.1.2 in TR36.843

	Min. UE – UE distance
	1~3m as in TR38.828

	BS Tx power
	FR1 : 24 dBm
FR2 : 23 dBm
*DL power control scheme is not applied

	UE Tx power
	Maximum 23 dBm
*UL power control scheme is applied

	BS antenna configuration (M,N,P,Mg,Ng)
	See Table 6

	BS antenna height
	3 m

	BS receiver and noise figure
	MMSE-IRC and 5 dB
MMSE-IRC and 10 dB

	UE antenna configuration (M,N,P,Mg,Ng)
	FR1 : (1, 1, 1, 1, 2)
FR2 : (2, 2, 1, 1, 2)

	UE antenna height
	1.5 m

	UE receiver and noise figure
	FR1 : MMSE-IRC and 9 dB
FR2 : MMSE-IRC and 10 dB



Table 3. Dense urban
	Cell layout
	1-layer deployment : Hexagonal grid, 19 sites, 3 sectors per site (ISD = 200m)
2-layer deployment : 
- Macro – Micro 
Macro layer : Hexagonal grid, 19 sites, 3 sectors per site (ISD = 200m)
Micro layer: random drop in a site (3 drops)
[image: ]

- Macro – Indoor hotspot
Macro layer : Hexagonal grid, 19 sites, 3 sectors per site (ISD = 200m)
Indoor hotspot: random drop in a site (1 drop), Indoor hotspot deployment is used
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	Pathloss model
	UMi : LoS and NLoS (TR 38.901)

	Channel model
	gNB-to-UE : UMi (TR38.901)
gNB-to-gNB : UMi (TR38.901)
UE-to-UE : A.2.1.2 in TR36.843

	Min. UE - UE distance
	3m

	BS Tx power
	For 4 GHz : 44 dBm
For 30 GHz : 40 dBm
*DL power control scheme is not applied

	UE Tx power
	Maximum 23 dBm
*UL power control scheme is applied

	BS antenna configuration (M,N,P,Mg,Ng)
	See Table 6

	BS antenna height 
	10 m

	BS receiver and noise figure
	For 4 GHz : MMSE-IRC and 5 dB
For 30 GHz : MMSE-IRC and 7 dB

	UE antenna configuration (M,N,P,Mg,Ng)
	FR1 : (1, 1, 1, 1, 2)
FR2 : (2, 2, 1, 1, 2)

	UE antenna height
	according to UE distribution

	UE receiver and noise figure
	For 4 GHz : MMSE-IRC and 7 dB
For 30 GHz : MMSE-IRC and 10 dB



Table 4. Urban Macro
	Cell layout
	Hexagonal grid, 19 sites, 3 sectors per site (ISD = 500m)

	Pathloss model
	UMa : LoS and NLoS (TR 38.901)

	Channel model
	gNB-to-UE : UMa (TR 38.901)
gNB-to-gNB : UMa(TR 38.901)
UE -to-UE : A.2.1.2 in TR36.843

	Cell layout
	Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 500m)

	Min. BS - UE distance (2D)
	10m 

	Min. UE – UE distance
	3m

	BS Tx power
	49 dBm
*DL power control scheme is not applied

	UE Tx power
	Maximum 23 dBm
*UL power control scheme is applied

	BS antenna configuration (M,N,P,Mg,Ng)

	See Table 6

	BS antenna height 
	25 m

	BS receiver and noise figure
	MMSE-IRC and 5 dB

	UE antenna configuration (M,N,P,Mg,Ng)
	FR1 : (1, 1, 1, 1, 2)
FR2 : (2, 2, 1, 1, 2)

	UE antenna height
	according to UE distribution

	UE receiver and noise figure
	MMSE-IRC and 7 dB



For evaluation purpose, RAN1 takes the deployment related parameters in Tables 2-4 as a starting point. 

· Antenna configuration 
	Agreement (RAN1#109-e)
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 (RAN1#109-e)
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 (RAN1#109-e)
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.



RAN1 agreed to consider two options for antenna elements. The first option (opt 1) is the total number of antenna elements for SBFD is the same as the total number of antenna elements for TDD. In this option, the number of antenna elements for downlink transmission in an SBFD symbol becomes half of the number of antenna elements for downlink transmission in TDD. So, it results in a 3dB power loss since the number of antenna elements is halved. The second option (opt 2) is that the total number of antenna elements for SBFD is two times of the total number of antennas for TDD. In this option, the number of antenna elements for downlink transmission in an SBFD symbol is the same as the number of antenna elements for downlink transmission in TDD. So, there is no power loss. 
One question is how to use antenna elements for DL-only symbols and UL-only symbols. We can consider the following two antenna modes for DL-only symbol and UL-only symbol. 
· Mode 1 (full use): All antenna elements are used for DL transmission in DL-only symbol or UL reception in UL-only symbol
· Mode 2 (partial use): Antenna elements used in SBFD symbol are used for DL transmission in DL-only symbol or UL reception in UL-only symbol 
The combination of two options and two modes is illustrated in Table 5. In Mode 1, In {Mode 1 + Opt 1} and {Mode 2 + Opt 2}, the number of antenna elements for DL transmission in DL-only symbol or UL reception in UL-only symbol under SBFD operation is same as the number of antenna elements in TDD operation. That means if a DL channel is scheduled in the DL-only symbol of SBFD operation then its performance is exactly the same as TDD operation, i.e., no degradation. However, in {Mode 2 + Opt 1}, the number of antenna elements for DL transmission in DL-only symbol or UL reception in UL-only symbol under SBFD operation is half of the number of antenna elements in TDD operation. So, even if a DL channel is scheduled in the DL-only symbol of SBFD operation, it experiences a 3dB power loss due to the smaller number of antenna elements. Lastly, in {Mode 1 + Opt 2}, we can observe that 3dB power gain since the number of antenna elements for DL transmission in DL-only symbol under SBFD operation is two times of the number of antenna elements in TDD operation. 
It is evident that Mode 1 can provide higher power gain in terms of the number of used antenna elements. However, it requests antenna direction switching. For example, the lower half of antenna elements are used for DL transmission for DL-only symbol, while the lower half of antenna elements are changed to use for UL reception for SBFD symbol. It means that we may need to introduce an antenna switching gap period between DL-only symbol and SBFD symbol. 

Table 5. Antenna structures
	
	Antenna structures for TDD
	Antenna structures for SBFD
	Antenna use for SBFD operation

	
	
	
	TX antenna elements for DL only symbols (blue)
	RX antenna elements for UL only symbols (red)
	TX/RX antenna elements for SBFD symbols

	Mode 1 + Opt 1
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	Mode 1 + Opt 2
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	Mode 2 + Opt 1
	[image: ]
	[image: ]
	[image: ]
	[image: ]
	[image: ]

	Mode 2 + Opt 2
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Consider to following two antenna modes for non-SBFD symbol(s)/slot(s)
· Mode 1: All antenna elements are used for DL transmission or UL reception
· FFS: whether to introduce additional gap symbols between a SBFD symbol and DL-only symbol or between a SBFD symbol and UL-only symbol
· Mode 2: Antenna elements same as SBFD symbol(s)/slot(s) are used for DL transmission or UL reception

Table 6. BS antenna configuration
	Deployment scenarios
	BS antenna configuration (M,N,P,Mg,Ng)

	Indoor hotspot 
	FR1,
- static TDD : (4,4,2,1,1)
- SBFD :
< Mode 1 + Opt 1>
(2,4,2,1,1) for SBFD symbols, (4,4,2,1,1) for non-SBFD symbols
< Mode 1 + Opt 2>
(4,4,2,1,1) for SBFD symbols, (8,4,2,1,1) for non-SBFD symbols
< Mode 2 + Opt 1>
(2,4,2,1,1) for all symbols, 
< Mode 2 + Opt 2>
(4,4,2,1,1) for all symbols, 
- dynamic/flexible TDD: same as static TDD

FR2,
- TDD : (4,8,2,1,1)
- SBFD :
< Mode 1 + Opt 1>
(4,4,2,1,1) for SBFD symbols, (4,8,2,1,1) for non-SBFD symbols
< Mode 1 + Opt 2>
(4,8,2,1,1) for SBFD symbols, (8,8,2,1,1) for non-SBFD symbols
< Mode 2 + Opt 1>
(4,4,2,1,1) for all symbols, 
< Mode 2 + Opt 2>
(4,8,2,1,1) for all symbols 
- dynamic/flexible TDD: same as static TDD

	Dense Urban/Urban Macro
	FR1,
- static TDD : (8,8,2,1,1)
- SBFD :
< Mode 1 + Opt 1>
(8,4,2,1,1) for SBFD symbols, (8,8,2,1,1) for non-SBFD symbols
< Mode 1 + Opt 2>
(8,8,2,1,1) for SBFD symbols, (8,16,2,1,1) for non-SBFD symbols
< Mode 2 + Opt 1>
(8,4,2,1,1) for all symbols, 
< Mode 2 + Opt 2>
(8,8,2,1,1) for all symbols, 
- dynamic/flexible TDD: same as static TDD
FR2,
- TDD : (8,16,2,1,1) 
- SBFD :
< Mode 1 + Opt 1>
(8,8,2,1,1) for SBFD symbols, (8,16,2,1,1) for non-SBFD symbols
< Mode 1 + Opt 2>
(8,16,2,1,1) for SBFD symbols, (16,16,2,1,1) for non-SBFD symbols
< Mode 2 + Opt 1>
(8,8,2,1,1) for all symbols, 
< Mode 2 + Opt 2>
(8,16,2,1,1) for all symbols, 
- dynamic/flexible TDD: same as static TDD


Note1: (dH,dV)=(0.5,0.8)λ for FR1, (dH,dV)=(0.5,0.5)λ for FR2

For evaluation, RAN1 takes the parameters for BS antenna configurations shown in Table 6 as a starting point.

Key Evaluation parameters for duplex evolution
· System parameters and Frame structure
	Agreement (RAN1#109-e)
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.



In the last RAN1 meeting, RAN1 agreed to support 4 alternatives for SBFD Deployment case 1. The remaining issue is the UL subband size. Basically, for fair comparison, the same DL/UL ratio should be kept in legacy TDD operation and SBFD operation. If DL/UL ratio is changed, then the observed gain could come from the increased number of resource. 
For alternative 1, 2, and 4, there are almost 80% DL resource (here, gap symbols are regarded as DL symbol for easy computation) and 20% UL resource in the legacy TDD operation. For Alt 4, 20% of channel bandwidth can used for UL subband. However, this approach cannot apply to Alt 1, and Alt 2, where only 0% of channel bandwidth is allowed to provide 80% DL resource and 20% UL resource. For Alt 1 and 2, we can use 20% as in the Alt 4. For alternative 3, there are almost 60% DL resource and 40% UL resource in the legacy TDD operation. So, 25% of channel bandwidth can used for UL subband. 

One remaining FFS is whether use dynamic TDD for legacy TDD for comparison. Mixed use of dynamic TDD and SBFD is not an attractive solution since it brings complicated inter-subband, intra-subband CLI. Also, SBFD can provide a potential gain of dynamic TDD operation so that assuming single duplex operation is reasonable. 
· Traffic model 
	Agreement (RAN1#109-e)
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



In the last RAN1#109-e meeting, FTP3 model is agreed as baseline traffic model. For FTP3 models, the packet size for DL and UL can be same as baseline. By the way, taking into account practical traffic aspects, the packet size for DL and UL can be asymmetrical. e.g., 0.5 Mbytes for DL and 0.125 Mbytes for U. The ratio of DL packet size and UL packet size is determined by the ratio of DL resource and UL resource in legacy TDD operation. 
The traffic load (resource utilization) can be defined as target resource utilization as 20% (light-loaded), 50% (medium-loaded), and 80% (heavy-loaded). Furthermore, the traffic load can be defined asymmetrical taking into account to practical traffic aspects. E.g., DL:UL = 80%:20%. In this context, to meet the target traffic load, the DL/UL packet arrival rates () can be tuned, respectively.
For the agreed FTP model 3, where the size of a packet is assumed to be 0.1 Mbyte or 0.5 Mbyte. For DL/UL packet arrival rates (), the following two traffic models can be used. 
· Fixed DL/UL packet arrival rates (), where ratio of  and  is 4:1 or 1:1. 
· DL/UL packet arrival rates () to meet a given target resource utilization, where the target resource utilization is 20% (light-loaded), 50% (medium-loaded), and 80% (heavy-loaded)
In general, FTP3 model is enough to evaluate the system level impact of SBFD. Therefore, other traffic models (e.g., XR or VoIP) is not needed to be mandatory for traffic model. However, other traffic models can provide different aspects, for example, VoIP, coverage-oriented traffic, can be used to check coverage extension and XR, latency-oriented traffic, can be used to check latency reduction. 

For the traffic model, we suggest
· Other traffic models: It is enough to use FTP3 as mandatory. Not use XR and VoIP traffic model as mandatory
· Packet size: Support DL/UL symmetric/asymmetric packet size
· Symmetric packet size: 0.5Mbytes for DL/UL (baseline), 0.1Mbytes or 2Mbytes (optional)
· Asymmetric packet size: 0.5Mbyte for DL and 0.125 Mbytes for UL
· Traffic load (resource utilization): Support DL/UL symmetric/asymmetric traffic load
· Symmetric traffic load: 20, 50, 80% for DL/UL (baseline)
· Asymmetric traffic load: (DL:UL) = (80%, 20%) 

The Table 7 summaries key evaluation parameters for duplex evolution. 
Table 7. Key evaluation parameters for duplex evolution
	Duplex
	Static TDD, SBFD, Dynamic/flexible TDD

	Frequency range and numerology
	FR1 : 4 GHz with 30kHz SCS
FR2 : 30 GHz with 120kHz SCS

	System bandwidth and # of RBs
	FR1 : 100 MHz (273 RBs)
FR2 : 200 MHz (132 RBs)
*DL BWP and UL BWP include all RBs in a cell

	Frame structure
	Alt 2 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU). In frequency domain, SBFD UL subband is about 20% of the channel bandwidth.
Alt 4 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#3 (XXXXX). In frequency domain, SBFD UL subband is about 20% of the channel bandwidth.
Alt 1 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#1 (DXXXU). In frequency domain, SBFD UL subband is about 20% of the channel bandwidth.
Alt 3 
· Legacy TDD: Static TDD UL/DL configuration with {DDSUU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU). In frequency domain, SBFD UL subband is about 25% of the channel bandwidth.

	Traffic model
	FTP model 3 with packet size 
- (DL,UL) : (0.5,0.5), (0.1,0.1), (2,2), or (0.5,0.125) Mbytes

Packet arrival rate
-  = 4:1 or 1:1

	Resource Utilization
	20% (light loaded), 50% (medium loaded), 80% (heavy loaded)



RAN1 takes the parameters for duplex evolution in Table 7. 

4 Evaluation Methodology for LLS

When SBFD operation is supported, uplink coverage enhancement is one of the notable aspects of SBFD operation. To verify the feasibility of SBFD from this aspect, it is an efficient and reasonable way to evaluate coverage gain with link-level performance under realistic assumptions. Even though there are several realistic considerations to be considered at the gNB side, e.g., nonlinear power amplifier (PA), IQ imbalance, D/A quantization noise, etc., RAN1 should focus on a predominant component that has a critical effect on the performance of SBFD operation. Therefore, the nonlinearity of PA can be added as a dominant factor in link-level simulation of SBFD operation. Furthermore, it is common to include algorithms such as Digital Pre-Distortion (DPD) to improve link-level performance when the nonlinear PA is used [3]. Also, due to high PAPR nature of CP-OFDM waveform, Crest Factor Reduction (CFR) is also one source of non-linearity. In view of this, LLS should take into account not only the nonlinear PA and DPD algorithm but also CFR. For PA, the models proposed in [3] by RAN4 LS are considered as the starting point.

For LLS, the following components incurring non-linearity should be taken into account. 
· PA, DPD, and CFR at gNB side and UE side
· For PA, the starting point is the PA model shared by RAN4 LS in Rel-14 (R1-166004)
· FFS how to model DPD and CFR

One issue of LLS is how to model the self-interference channel between TX chain and RX chain. Since such a channel have not studied in 3GPP, there is no reference channel model in 3GPP TRs. Fortunately, there are several literature to measure the self-interference channel such as [5], [6]. From [5], it was shown that the self-interference channel can be composed of three components; the first component is internal coupling path due to practical limitations mismatch of TX chain and RX chain. This path has fixed delay and fixed power. The delay is nearly zero with respect to NR OFDM sampling rate. Also, its power is dominant over other components. Since this has fixed delay tap and fixed power, RX baseband can easily estimate this cannel and can remove self-interference from this path. The second component is antenna reflection path due a part of the TX signal be reflected from the antennas. The delay of antenna reflection path is also nearly fixed and it depends on antenna size. Considering about 1m antenna size, the delay is a few nano-seconds. Also, each path can have a fixed power since the path is only determined by antenna structure, not other randomness. The third component is clutter reflection, due to reflection from surrounding environment, such as clutter. The delay of the third component is comparably higher than other components and is not fixed. Since a clutter can be dynamically moved, so that its delay profile and its power should be modeled as random variable. From [6], the delay profile can be modeled as exponential distributed random variables (as in classical tapped lined model) and its power can be modeled as log-normal distribution. This modeling is just one candidates and RAN1 should discuss how to model the self-interference channel.

RAN1 should discuss how to model the self-interference channel between TX baseband chain and RX baseband chain. At least the following components can be included.
· Internal coupling path, which has fixed delay (almost zero-delay) and fixed power
· Antenna reflection path, which has fixed delay (very small delay, depending on antenna size) and fixed power
· Clutter reflection path, which has variable small delay and variable power


Tx transmitted signal passing the nonlinear PA and subsequently the leakage channel at the gNB side produces self-interference to the desired uplink signal where the aforementioned CFR and/or DPD algorithms can use to mitigate it. However, there is still a high probability of residual self-interference in uplink reception band. To identify link-level performance assuming them, RAN1 can start with additive Gaussian noise with interference power as a residual self-interference model rather than regenerate the Tx transmitted signal with separate models. The interference is added to the desired uplink signal so that have an impact on uplink link-level performance.
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Figure 2. Simplified LLS model

For LLS evaluation, consider the following simplified self-interference model.
· The self-interference seen at RX baseband chain is modeled as white Gaussian interference with the interference power. Its interference power is decided as in SLS

In Rel-17 NR coverage enhancement WI, RAN1 already has developed a link level evaluation methodology for coverage including performance metrics and evaluation channels for baseline. Thus, RAN1 can refer to this methodology for the metrics, e.g. maximum isotropic loss (MIL), maximum coupling loss (MCL) and maximum path loss (MPL), and the channels for baseline, e.g. PUSCH eMBB, PUCCH Format 1 with 2 bits, PRACH Format B4. Note that there is no agreement yet regarding PRACH transmission with UL subband during initial access procedure. Accordingly, RAN1 can consider PUSCH and PUSCH for performance evaluation and revisit whether to consider PRACH after RAN1 makes a progress on SBFD operation.

For LLS evaluation, reuse the performance metric and evaluation assumption in Rel-17 NR Coverage Enhancement WI. 
For LLS evaluation, the following uplink channels can be evaluated.
· PUSCH and PUCCH
· FFS: PRACH

For LLS evaluation, RAN1 should determine a specific uplink transmission scheme. By introducing UL subband, gNB has an opportunity to schedule PUSCH or PUCCH within the UL subband by repetition. For PUSCH, repetition type A or repetition type B can be used and also PUCCH repetition can be used. Also, Rel-17 Coverage enhancement WI, RAN1 introduced a new transmission scheme called TB over multiple slots (TBoMS) and joint channel estimation (JCE) over multiple slots. In fact, JCE cannot be applied to DDDSU TDD slot configuration due to dis-continuous UL slots (i.e., long time gaps between two slots). But, SBFD can provide contiguous UL slots where JCE can be utilized. 

For LLS evaluation, consider the following UL transmission schemes.
· PUSCH repetition type A and PUSCH repetition type B
· TB over multiple slots
· PUCCH repetitions
· Joint channel estimation

5 Conclusion
In this contribution, we made the following observations and proposals:

1. For SBFD deployment cases 2 and 3, the followings are suggested:
· Do not evaluate all deployment scenarios (Indoor Hopspot/Office, Dense urban Urban Macro) under Deployment case 2 as mandatory
· Do not evaluate Indoor Hotspot/Office, Dense Urban (1-layer) and Urban Macro under Deployment case 3 as mandatory
· Further discuss whether to evaluate Dense Urban (2-layer), where different layers have different duplex operation. 
For NR duplex evolution evaluation, FR2-2 is not considered
For NR duplex evolution evaluation, Rural scenario is not considered as mandatory
RAN1 adopts the following UE side assumptions:
· UE outdoor/indoor proportion:
· 80% indoor UEs and 20% outdoor UEs as in TR38.901
· UE distribution
· Uniform UE distribution, as in TR38.901
· Minimum UE-to-UE distance
· 3m for macro/micro cell and 1~3m for indoor 
· Further discuss whether 1m for macro/micro cell is needed or not
For Deployment case, the following grid shift is considered as mandatory
· For Macro layer (in Urban macro or Dense urban), 
· Two operators’ gNBs are located at the same (0% grid shift)
· The second operator’s gNBs are located at edge of the first operator’s gNB (100% grid shift)
· For Indoor hotspot deployment (if agreed)
· Two operators’ gNBs are located at the same (0% grid shift)
· FFS: other grid shift values
For performance metrics, use the following definition
· DL/UL UPT CDF and (5%-tile, 50%-tile, 95%-tile): DL/UL UPT (in a unit of bps) of a UE is defined as total size of transmitted packets divided by total packet transmission time.
· 
· Latency CDF and (5%-tile, 50%-tile, 95%-tile): The latency (in a unit of sec) can be defined as a packet transmission time which includes scheduling time and re-transmission time with a given traffic model. 
· Resource utilization : The resource utilization (in a unit of percentage) is can be defined as the number DL/UL RB per cell used by traffic during observation time is divided total number DL/UL RB per cell available for traffic over observation time as in TR36.814.
· DL/UL received SINR: Wideband SINR from independent UE drops (geometry SINR), as used in TR37.910
For LOS probability for gNB-to-gNB channel, down select one option from the following options, 
· Option 1. Reuse the gNB-to-UE LOS probability equation in TS38.901 
· Consider gNB as outdoor UE in gNB-gNB channel model
· Option 2. Modify the gNB-to-UE LOS probability equation to provide higher LOS probability
· Instead of d2D-out, smaller (e.g., half of d2D-out) is used
· Option 3. Fixed LOS probability
· Whether to apply the fixed LOS probability to all gNB-to-gNB channel or nearest gNB-to-gNB channel
For evaluation purpose, RAN1 takes the deployment related parameters in Tables 2-4 as a starting point. 
Consider to following two antenna modes for non-SBFD symbol(s)/slot(s)
· Mode 1: All antenna elements are used for DL transmission or UL reception
· FFS: whether to introduce additional gap symbols between a SBFD symbol and DL-only symbol or between a SBFD symbol and UL-only symbol
· Mode 2: Antenna elements same as SBFD symbol(s)/slot(s) are used for DL transmission or UL reception
For evaluation, RAN1 takes the parameters for BS antenna configurations shown in Table 6 as a starting point.
For the traffic model, we suggest
· Other traffic models: It is enough to use FTP3 as mandatory. Not use XR and VoIP traffic model as mandatory
· Packet size: Support DL/UL symmetric/asymmetric packet size
· Symmetric packet size: 0.5Mbytes for DL/UL (baseline), 0.1Mbytes or 2Mbytes (optional)
· Asymmetric packet size: 0.5Mbyte for DL and 0.125 Mbytes for UL
· Traffic load (resource utilization): Support DL/UL symmetric/asymmetric traffic load
· Symmetric traffic load: 20, 50, 80% for DL/UL (baseline)
· Asymmetric traffic load: (DL:UL) = (80%, 20%) 
RAN1 takes the parameters for duplex evolution in Table 7. 
For LLS, the following components incurring non-linearity should be taken into account. 
· PA, DPD, and CFR at gNB side and UE side
· For PA, the starting point is the PA model shared by RAN4 LS in Rel-14 (R1-166004)
· FFS how to model DPD and CFR
RAN1 should discuss how to model the self-interference channel between TX baseband chain and RX baseband chain. At least the following components can be included.
· Internal coupling path, which has fixed delay (almost zero-delay) and fixed power
· Antenna reflection path, which has fixed delay (very small delay, depending on antenna size) and fixed power
· Clutter reflection path, which has variable small delay and variable power
For LLS evaluation, consider the following simplified self-interference model.
· The self-interference seen at RX baseband chain is modeled as white Gaussian interference with the interference power. Its interference power is decided as in SLS
For LLS evaluation, reuse the performance metric and evaluation assumption in Rel-17 NR Coverage Enhancement WI. 
For LLS evaluation, the following uplink channels can be evaluated.
· PUSCH and PUCCH
· FFS: PRACH
For LLS evaluation, consider the following UL transmission schemes.
· PUSCH repetition type A and PUSCH repetition type B
· TB over multiple slots
· PUCCH repetitions
· Joint channel estimation
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Appendix: Initial SLS Results
Based on the agreement made in last RAN1#109-e meeting, the initial evaluation was proceeded in SBFD deployment case 1 (Non-coexistence case with single SBFD subband configuration). In this initial evaluation, two types of SBFD slot pattern and antenna configuration option #1 are considered as listed below: 
· SBFD slot pattern:
· TDD (baseline) DDDSU:
· SBFD slot pattern #1 : XXXXU
· SBFD slot pattern #2 : DXXXU
· Antenna configuration
· Option 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 TDD
[User perceived throughput]
The 5%-tile UPT and mean UPT for DL and UL are plotted as a combination of SBFD slot patterns and antenna configuration option #1. 
Figure A.1 shows UL UPT performance. With the SBFD slot pattern (XXXXU), UL transmission opportunity can be secured by 5 times compared to TDD. In the case of UE which located poor channel environment (5%-tile UPT), it is possible to achieve a UPT gain of about 1.8 times thanks to UL subband operation. The effect of UL subband can be showed in other SBFD slot pattern. In the case of SBFD slot pattern #2 (DXXXU), compared to SBFD slot pattern #1(XXXXU), the 5%-tile UL UPT is slightly reduced due to DL only slot. Nevertheless, the SBFD is still possible to get improved UL UPT gain.
· Observation 1: The UL UPT performance can be improved thanks to UL subband operation
Figure A.2 shows DL UPT performance. When comparing the SBFD slot pattern #1 and TDD, the 5%-tile and mean DL UPT is decreased. The reason is that the reduction of DL frequency resource due to UL subband operation, and the reduction of DL transmission power level and DL antenna gain due to halves total the number of antenna elements. However, these DL UPT loss can be compensated with other SBFD slot pattern and gNB’s scheduling. For example, in the case of SBFD slot pattern #2 (DXXXU), the DL UPT loss is reduced by DL-only slot.  
· Observation 2: DL UPT performance is reduced due to UL subband operation. However, the UPT loss can be compensated with different SBFD slot pattern and gNB’s scheduling.
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Figure A.1. UL UPT comparison for different SBFD slot pattern
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Figure A.2. DL UPT comparison for different SBFD slot pattern
 
[Resource utilization]
The resource utilization for DL and UL are plotted as a combination of SBFD slot patterns and antenna configuration option #1.
Figure A.3 shows resource utilization comparison for DL and UL. In the case of UL, the SBFD’s resource utilization is decreased when comparing to TDD. The reason is that the time resource for UL increase thanks to UL subband operation. On the other hand, the DL resource utilization of SBFD is increased due to reducing of DL frequency resource portion.
[image: ]
Figure A.3. Resource utilization comparison for DL and UL 

[Evaluation assumptions]
	Scenarios
	Urban Macro

	Cell layout
	Hexagonal grid, 19 sites, 3 sectors per site (ISD = 500m)

	Frequency band
	FR1 (center frequency = 4 GHz with 30kHz SCS)

	System bandwidth and 
# of RBs
	TDD : 100MHz (273 RBs) for DL and UL
SBFD
· 100 MHz (273 RBs) for DL and UL only slot
· 40(DL):20(UL):40(DL) MHz (108:51:108 RBs) for X slot

	Duplex Type and 
frame structure
	1. TDD (DDDSU); in this simulation, ‘S’ slot used to ‘D’ slot
2. SBFD (XXXXU)
3. SBFD (DXXXU)

	Pathloss model
	UMa : LoS and NLoS (TR 38.901)

	Channel model
	gNB-to-UE : UMa (TR 38.901)
gNB-to-gNB : UMa(TR 38.901)
UE -to-UE : A.2.1.2 in TR36.843

	Min. BS - UE distance (2D)
	35m 

	Min. UE – UE distance
	3m

	BS Tx power
	TDD : 49 dBm
SBFD : 
· For DL only slot, 49 dBm
· For X slot, 46 dBm
*DL power control scheme is not applied

	UE Tx power
	Maximum 23 dBm
*UL power control scheme is applied

	BS antenna configuration (M,N,P,Mg,Ng; Mp, Np)

	TDD : (12, 4, 2, 1, 1; 4, 4  32Tx or 32 Rx (192AE)
SBFD
· For DL only slot, (6, 4, 2, 1, 1; 2, 4)  32Tx (192AE)
· For X slot, (12, 4, 2, 1, 1; 4, 4)  16Tx and 16Rx (each 96AE)
· For UL only slot, (6, 4, 2, 1, 1; 2, 4)  32Rx (192AE)

	BS antenna height 
	25 m

	BS receiver and noise figure
	MMSE-IRC and 5 dB

	UE antenna configuration
(M,N,P,Mg,Ng; Mp, Np)
	(1, 1, 2, 1, 1; 1, 1)


	UE antenna height
	according to UE distribution

	UE receiver and noise figure
	MMSE-IRC and 7 dB

	Traffic model and packet size
	FTP model 3
· DL : 0.5 Mbytes
· UL : 0.125 Mbytes

	Interference modeling
	Isolation value for BS-to-BS CLI (co-channel inter-subband CLI) : 45 dBc
Residual self-interference is modeled as 1 dB (noise boosting)
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