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Introduction
In RAN#94-e meeting, a study item on evolution of NR duplex operation is approved and the corresponding description is provided in [1].
According to the SID, the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD are studied. Also, identification of deployment scenarios and developing evaluation methodology are also included in the scope as follows.
	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).



In this contribution, we discuss on the deployment scenarios and evaluation methodology for the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD. In addition, we provide our initial evaluation results on subband non-overlapping full duplex.

Deployment scenarios and evaluation methodology
In RAN1#109-e meeting, following scenarios for evaluation was agreed.
	Agreement
For SBFD Deployment Case 1, at least consider the following scenarios for evaluation:
· For FR1,
· Indoor office (use Indoor office defined in TR38.802/TR38.901 as starting point)
· Urban macro (use Urban macro defined in TR38.802/TR38.901 as starting point)
· FFS: UE outdoor/indoor proportion, clustering, etc
· 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.



In order to discuss the deployment scenario for subband non-overlapping full duplex (i.e., SBFD) and dynamic/flexible TDD operation in FR1 and FR2-1, the discussion in flexible duplex of the NR study in Rel-14 can be a reference. In TR 38.802, carrier frequencies of 4GHz (FR1) and 30GHz (FR2-1) were considered for the study of flexible duplex, and three deployment scenarios were considered: Dense Urban, Urban macro, and Indoor hotspot. For study of duplex evolution, it seems reasonable that only three deployment scenarios (i.e., Dense Urban, Urban Macro and Indoor hotspot) are considered. Since Rural scenario is feasible for lower frequency range (e.g, 700MHz, 4GHz) and wider coverage, it seems reasonable that Rural is not included as a deployment scenario for evaluation in Rel-18 DE SI. 
Proposal 1: For deployment scenarios of study on NR duplex evolution, Rural is not included as a deployment scenario for evaluation in Rel-18 DE SI.

Additionally, it is necessary to discuss whether FR2-2 is included in the deployment scenario for NR duplex evolution. FR2-2 can be a better environment for making isolated cells due to severe pathloss. Therefore, it can be a more favorable environment for using SBFD and dynamic/flexible TDD since it is less affected by CLI. According to TR 38.808, deployment scenarios of indoor hotspots, dense urban areas, and factory halls were included in the FR2-2 study. Therefore, these deployment scenarios can be considered for evaluation of NR duplex evolution in FR 2-2. However, if FR2-2 is included for evaluation for NR duplex evolution, SBFD and dynamic/flexible TDD operation in unlicensed band also should be discussed and supported in the study. Considering on work load for evaluation and discussion in Rel-18 DE SI, it can be considered that FR2-2 is not in Rel-18, and FR2-2 is considered in future release.
Proposal 2: Considering on work load for evaluation in Rel-18 DE SI, FR2-2 is not considered in Rel-18, and FR2-2 is considered in future release.

Regarding traffic model for SBFD and dynamic/flexible TDD evaluation, it was agreed to consider FTP3 model at least.
	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



Considering the burden of evaluation work, it seems appropriate to compare the evaluation results based on the FTP3 model, and not consider other traffic models such as XR or treat it as optional.
For the detailed assumption on FTP3 traffic generation, the following evaluation parameters specific to flexible duplex in TR 38.802 can be considered.
-	FTP traffic model 3 with packet size 0.1, 0.5 and 2.0Mbytes 
-	Ratio of DL/UL traffic = {2:1}, {4:1} and {1: 1} for optional 
However, large packet size and packet arrival rate in the SBFD environment increases the influence of CLI and self-interference, which may decrease the performance of the SBFD operation. Considering this, the SBFD operation may be suitable in an environment with small traffic load. Also, considering that the UL may be performed in the narrow band for SBFD operation, evaluation on small packet size can be prioritized for the study.
Proposal 3: For SBFD evaluation, FTP3 with small packet size and small traffic load is prioritized.

Initial performance evaluation results 
This section provides our initial evaluation results on subband non-overlapping full duplex. 
For the evaluation, throughput and latency performance between HD TDD and SBFD are compared. For performance comparison, following frame structure (i.e., Alt 1 in the agreement in RAN1#109-e) for the legacy TDD and SBFD operation is assumed.
· 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.
DL and UL resource for the legacy TDD and SBFD operation is illustrated in Figure 1. For the evaluation, SBFD Subband configuration#1 with {DUD} pattern and total 14 PRBs of guard band is assumed.

 [image: ]         [image: ]
(a) Legacy TDD (HD only)                                       (b) SBFD (HD and SBFD)
Figure 1. DL/UL resource configuration for (a) legacy TDD and (b) SBFD

Two packet sizes are considered for the evaluation. DL/UL packet sizes corresponding to packet sizes 1 and 2 are shown in Table 1.
In addition, ASIR is assumed to reflect the effects of SI and CLI on the DL/UL performance. The ASIR implies the adjacent subband interference ratio and is defined as the ratio of the power transmitted on one subband to the total interference received by a receiver on the adjacent subband, due to both transmitter and receiver imperfections without considering channel. For the evaluation, frequency flat ASIR value as provided in Table 2 is assumed. ASIR_BS_BS and ASIR_UE_UE in the table refer the ASIR value applied to inter-site gNB-gNB co-channel inter-subband CLI and UE-UE co-channel inter-subband CLI, respectively.
For the evaluation, the same DL Tx power of gNB is assumed for HD and SBFD slot, so Tx power density per RE is increased in SBFD slot compared to HD slot. Regarding the channel model, large-scale fading is considered only. Other detailed evaluation assumptions are provided in Table 3 in Annex 1. 

Table 1. Evaluation assumption on DL/UL packet size
	　
	DL packet size
	UL packet size

	Packet size 1
	5KB
	1KB

	Packet size 2
	25KB
	5KB



Table 2. Evaluation assumption on ASIR (Adjacent Subband Interference Ratio)
	ASIR_BS_BS
	ASIR_UE_UE

	43dB
	28dB



Under the assumptions, the evaluation results of the legacy TDD operation (i.e., HD only) and SBFD operation (i.e., HD+SBFD) are obtained. Figures 2 and 3 show the evaluation results according to Packet size 1 and 2 in Urban Macro deployment scenario. And Figures 4 and 5 show the evaluation results according to Packet size 1 and 2 respectively in Dense Urban deployment scenario with l-layer (i.e., macro layer only). Each result shows average UE packet delay and average UE throughput of HD TDD and SBFD operation. 

According to the results, both deployment cases of Urban Macro and Dense Urban with macro layer only show a similar tendency.
In the case of UL, despite the gNB to gNB CLI and SI effects, SBFD performance is better than TDD for both packet sizes. For example, in Figure 2.(b), the 50%ile UE UL throughput of SBFD with packet size 1 in Urban Macro obtained about 431% gain compared to TDD. Since the opportunity of UL transmissions increases by the subband slot, latency is reduced in SBFD. Also, by concentrate UE transmission power in the narrow UL subband for SBFD operation, the power density per RE is increased compared to TDD. So the influence of interference is mitigated and it helps to enhance UL performance gain.
In the case of DL, there is no performance difference between TDD and SBFD when the packet size is small. However, in packet size 2, the performance of SBFD is lower than that of TDD. For Urban Macro scenario in Figure 3.(a), the 50%ile UE throughput of SBFD is degraded about 8% compared to the TDD. In SBFD, the DL BW size is reduced in the subband, so latency increases when the DL packet size increases. Also, due to the increase in UL packet size in packet size 2, the UE to UE CLI impact is increased so it causes DL performance loss. However, considering the significant gain of UL performance, the amount of DL performance loss seems acceptable.

Observation 1: In the deployment scenario of Urban Macro and Dense Urban with macro layer only, UL performance of SBFD is enhanced compared to the legacy TDD due to the increase of UL transmission opportunities.
Observation 2: In the deployment scenario of Urban Macro and Dense Urban with macro layer only, DL performance of SBFD is similar to or decreased compared to the legacy TDD due to the reduction of DL resources. 
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		UE DL throughput (Mbps)

	　
	5%
	50%
	95%

	HD
	27.72
	30.92
	33.55

	SBFD
	27.67
	30.89
	33.65





(a) Average UE DL packet delay (slot) and UE DL throughput (Mbps)
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		UE UL throughput (Mbps)

	　
	5%
	50%
	95%

	HD
	0.53
	1.35
	2.00

	SBFD
	4.84
	5.82
	6.53





(b) Average UE UL packet delay (slot) and UE UL throughput (Mbps)
Figure 2. DL and UL performance of HD TDD and SBFD for Packet size 1 in Urban Macro 
(DL: 5KB, UL: 1KB)
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		UE DL throughput (Mbps)

	
	5%
	50%
	95%

	HD
	78.46
	139.85
	161.51

	SBFD
	76.04
	128.76
	157.74





(a) Average UE DL packet delay (slot) and UE DL throughput (Mbps)
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		UE UL throughput (Mbps)

	
	5%
	50%
	95%

	HD
	1.74
	4.64
	9.55

	SBFD
	5.49
	16.10
	25.41





(b) Average UE UL packet delay (slot) and UE UL throughput (Mbps)
Figure 3. DL and UL performance of HD TDD and SBFD for Packet size 2 in Urban Macro 
(DL: 25KB, UL: 5KB) 
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		UE DL throughput (Mbps)

	　
	5%
	50%
	95%

	HD
	27.77
	30.87
	33.54

	SBFD
	27.96
	30.97
	33.60





(a) Average UE DL packet delay (slot) and UE DL throughput (Mbps)
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		UE UL throughput (Mbps)

	　
	5%
	50%
	95%

	HD
	0.60
	1.35
	2.00

	SBFD
	5.38
	6.09
	6.63





(b) Average UE UL packet delay (slot) and UE UL throughput (Mbps)
Figure 4. DL and UL performance of HD TDD and SBFD for Packet size 1 in Dense Urban 
(DL: 5KB, UL: 1KB, Macro layer only)
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		UE DL throughput (Mbps)

	
	5%
	50%
	95%

	HD
	113.97
	145.17
	164.62

	SBFD
	101.81
	136.05
	160.63





(a) Average UE DL packet delay (slot) and UE DL throughput (Mbps)
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		UE UL throughput (Mbps)

	
	5%
	50%
	95%

	HD
	2.75
	6.74
	10.02

	SBFD
	16.07
	22.53
	28.35





(b) Average UE UL packet delay (slot) and UE UL throughput (Mbps)
Figure 5. DL and UL performance of HD TDD and SBFD for Packet size 2 in Dense Urban 
(DL: 25KB, UL: 5KB, Macro layer only)

Summary
In this contribution, we discussed the deployment scenarios and evaluation methodology for NR duplex evolution. In addition, some initial evaluation results on subband non-overlapping full duplex were provided. From the discussion and evaluation, we obtained following proposals and observations.

Proposal 1: For deployment scenarios of study on NR duplex evolution, Rural is not included as a deployment scenario for evaluation in Rel-18 DE SI.
Proposal 2: Considering on work load for evaluation in Rel-18 DE SI, FR2-2 is not considered in Rel-18, and FR2-2 is considered in future release.
Proposal 3: For SBFD evaluation, FTP3 with small packet size and small traffic load is prioritized.

Observation 1: In the deployment scenario of Urban Macro and Dense Urban with macro layer only, UL performance of SBFD is enhanced compared to the legacy TDD due to the increase of UL transmission opportunities.
Observation 2: In the deployment scenario of Urban Macro and Dense Urban with macro layer only, DL performance of SBFD is similar to or decreased compared to the legacy TDD due to the reduction of DL resources.

Reference
[1] CMCC, “New SI: Study on evolution of NR duplex operation,” RP-213591, e-Meeting, December 6th – 17th, 2021
[2] Chair’s note in RAN1#109-e meeting

Annex 1.
Table 3. Evaluation assumption for SLS
	Parameters
	Evaluation assumption

	
	Urban macro
	Dense Urban

	Carrier Frequency
	FR1: 4GHz (Macro layer)

	Layout
	Urban macro :
Single layer:
- Macro layer: Hex. Grid, 19 BSs, 3 sectors per BS 

Min. distance btw macro-to-macro: 500m



	Dense Urban (macro layer only) : 
Single layers:
- Macro layer: Hex. Grid, 19 BSs, 3 sectors per BS 
 
Min. distance btw macro-to-macro: 200m

	UE distribution
	570 UEs (10 UEs per BS in average)
80% of indoor UEs, 20% of outdoor UEs
 
Min. distance btw macro-to-UE: 35m

	System bandwidth/
Subcarrier spacing
	4GHz: 50MHz / 15kHz (270RBs)


	Tx power
	Macro Tx power: 49dBm
UE max. Tx power: 23dBm

	Macro Tx power: 44dBm
UE max. Tx power: 23dBm


	BS antenna configuration
	FR1: (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)λ

	UE antenna configuration
	FR1: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = 0.5

	Large-scale channel parameters
	Below 6GHz:
- Macro-to-UE: 3D UMa
- Macro-to-Macro: 3D UMa (hUE =25m) - UE-to-UE: A.2.1.2 in TR36.843, penetration loss between UEs follows Table A.2.1-13 in TS38.802

	Traffic model
	FTP traffic model 3
 
Downlink: 10 packets/sec/UE, 5/25 KB/packet
Uplink: 10 packets/sec/UE, 1/5 KB/packet

	DL/UL resource pattern
	TDD: DDDSUDDDSU
SBFD: DXXXUDXXXU
 
UL/DL configuration in X slot
S=[12D:2G:0U]

DL and UL PRBs in X slot
- DL RB: 202 RBs
- UL RB: 54 RBs
- Guard RB: 14 RBs

	Resource pattern flexibility
	Static and common DL/UL resource pattern among cells

	ASIR for CLI
	SBFD: 
ASIR BS-BS: 43 dB
ASIR UE-UE: 28 dB

	Residual self-interference
	SBFD: 
Residual SI = Tx power - ASIR – SIC
- ASIR: 43 dB
- SIC: 80dB

	Packet dropping timer
	40 slots
(A packet is in outage if this packet failed to be successfully received by destination receiver beyond “Packet dropping timer)

	Output
	UE average DL/UL packet delay (slot)
· Packet delay: slot index of packet transmission completion – slot index of packet generation
· Minimum packet delay: 1 slot
UE average DL/UL packet throughput (Mbps)
· UE average DL/UL throughput: Harmonic mean of packet size / packet delay



Annex 2. Agreements in RAN1#109-e [2]
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
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