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Introduction
For Rel-18, a study item on evolution of NR duplex operation has been approved [1], where the objectives identified for the study item are as follows:
	    The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum.
In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges
The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.



In RAN1#110bis-e meeting [3], the following agreements and conclusions were made:
	Agreement:
For SBFD operation at least for RRC_CONNECTED state, it is agreed that SBFD operation Alt 4 is the baseline.
· SBFD operation Alt 4:
· Both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs. 
· UE behaviors for non-SBFD aware UEs follow existing specifications.
· From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs based on the time and frequency locations of subbands for SBFD operation.

Agreement:
For semi-static configuration of subband frequency locations for SBFD operation, at least explicit indication of frequency location of UL subband is required.
· FFS: Whether frequency location of other subbands types is explicitly indicated or implicitly determined.

Agreement:
Study impact and potential enhancements of CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subbands.

Agreement:
Identify if there are any cases of time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE 
· If there are, whether/how to avoid/handle such collision cases (as second step)

Agreement:
Study impact/potential enhancements for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency.

Agreement:
Study whether SBFD operation in SSB symbols is supported or not.

Agreement:
For SBFD operation within a TDD carrier, it is agreed that SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies is the baseline.

Agreement:
The maximum number of UL subbands for SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier is one for the study in RAN1.
· The UL subband can be located at one side of the carrier.
· The UL subband can be located at the middle part of the carrier
Note: RAN1 considers the above two possibilities unless RAN4 concludes that any one is infeasible.
Note: Two UL subbands for SBFD operation in an SBFD symbol within a TDD carrier due to SBFD operation in legacy UL symbols is subject to further RAN1 discussions which is 2nd priority as per RAN guidance.

Send an LS to RAN4 to inform the above agreement. If RAN4 has response, it will be taken into account but in the meanwhile, RAN1 work will continue based on the above.

Agreement:
For semi-static configuration of subband time locations for SBFD operation, it is agreed that explicit configuration of SBFD subband time locations within a period is the baseline.




In this contribution, we discuss subband non-overlapping full duplex (SBFD) operations, based on the analysis on effects of intra-/inter-subband CLI with simulation results, and discuss issues on power management, UL/DL timing alignment, UE-to-UE CLI mitigation, resource allocations in SBFD, collision handling, and benefits of SBFD operating through multiple BWPs.
Discussions
Subband non-overlapping FD operations
NR supports dynamic/flexible time division duplex (TDD) based on a slot format indicator (SFI) that can be indicated to a group of UEs by a group-common (GC) DCI (format 2_0). In addition, semi-static configurations via tdd-UL-DL-config-common/dedicated can be configured, where the transmission pattern for each slot/symbol can be configured as either of ‘D’ as downlink, ‘U’ as uplink, and ‘F’ as flexible.
Up to NR Rel-17, most practical assumptions for duplexing are half duplex (HD) for both gNB and UE. In Rel-18, enhancements to support full duplex (FD) at least for gNB have been proposed and endorsed as the study item, see Figure 1. Moreover, subband non-overlapping FD (SBFD), as illustrated in Figure 2, has been identified as a promising approach, since it offers greatly reduced FD implementation complexity in terms of cancelling self-interference (SI) and mitigating cross-link interference (CLI), at least, at the gNB side.
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Figure 1. Illustration on NR TDD framework based on FD-gNB and HD-UEs in a cell
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Figure 2. Illustration on subband non-overlapping FD-gNB and HD-UEs in a cell

For a single UE perspective, a UE in a cell illustrated in Figure 2 can be informed of such a mixed D/U regions across RBs per symbol/slot, where the informed mixed D/U regions to the UE can be a new type of SFI, denoted by ‘MF’, which can be an enhanced version of ‘F’. The UE can perform a UL Tx when the scheduled UL Tx is matched with a UL region of the indicated ‘MF’ on a given symbol/slot. 
For example, if the scheduled UL Tx for the UE across the 3 consecutive slots (as illustrated in Figure 2) is within a UL region of ‘MF’ per slot basis, the UE can perform the UL Tx across the 3 slots which results in a UL coverage/capacity enhancement, while in the cell perspective, parallel DL transmissions toward other UEs over other non-overlapped RBs can be performed by the FD-gNB.
To have a sufficient flexibility in terms of network implementation, multiple ‘MF’ types can be pre-configured to the UE with multiple variations on the D/U region separation and distribution, and one of the multiple can be dynamically selected per slot basis.
The granularity of a subband also needs to be discussed where the granularity should at least be a group of RBs, or BWP-level of the granularity may also be considered. For the case of BWP-level SBFD, a subband indication for the SBFD operations can be based on reusing an existing BWP indicator in a DCI. Or, alternatively, the BWP indication can be interpreted as muted RBs/BWP region in terms of DL reception or UL transmission to be rate-matched around the muted RBs, as a simplified SBFD operation. Both the RB-level and BWP-level granularity of subband has its own trade-off benefits and need to be considered in this study.
Observation 1. Mixed D/U regions informed to a UE per symbol/slot in a cell can be used for a subband-wise UL transmission or DL reception, which results in UL coverage/capacity enhancement while achieving parallel DL transmissions over non-overlapped RBs. 

Explicit indication of the time and freq. location for UL subbands in SBFD
In RAN1#110bis-e, the baseline for SBFD operation in RRC_CONNECTED mode was agreed, that is the time and frequency locations of subbands for SBFD operation is known to SBFD-aware UEs. As for the uplink and downlink BWPs, it was agreed that SBFD scheme within a single configured UL and DL BWP pair with aligned center frequencies is considered as the baseline. It was also agreed that at least the explicit indication of frequency locations of UL subband and time locations within a period are indicated to the UEs, as baseline.  
Since the symbol-level TDD allocations are already possible by using SFI, the time and frequency indication of SBFD subbands can be performed based on a combination of an enhanced SFI and one or more frequency resource allocations. As such, the UE can determine the time domain resources in slot-level or symbol-level for SBFD operation based on an enhanced SFI configuration. 
The frequency resource allocations can be configured using below alternatives:
· Alt. 1. Indication of the first and the last PRBs corresponding to the SBFD subbands. 
· Alt. 2. Indication of the starting PRB and the number of PRBs corresponding to the SBFD subbands.
· Alt. 3. Indication of the PRB resources corresponding to the SBFD subbands based on a bitmap indication. 
Proposal 1. Study mechanisms on how to inform UE of mixed D/U regions per symbol/slot as an enhancement of SFI to achieve subband non-overlapping FD (SBFD).

Implicit indication of DL subband freq. location for SBFD operation
In RAN1 #110bis-e, it was agreed that the frequency location of the UL subbands will be at least implicitly indicated. However, the indication of the other subband types and whether it should be indicated implicitly or explicitly was left as FFS.
In our opinion, the frequency locations of the other subband types (e.g., DL subbands) does not need to be indicated explicitly. In fact, considering the dynamic size of RB gaps (e.g., guard-bands) between the UL and DL subbands, explicit indication of the DL subbands may result in some resources left as unused.
Considering the use-cases where the RB gap between the UL and DL subbands can be selected and indicated dynamically (based on the CLI), the UEs can determine that the DL subbands accordingly. As such, a UE that is configured with the UL subbands and the RB gap size, can determine the DL subbands based on the remaining subbands.
Observation 2. In cases with dynamic RB gap indication, the DL subbands can be determined based on the indicated UL subbands and the RB gap.
Proposal 2. Consider implicit indication of the subband frequency locations for the DL subbands based on the indicated UL subbands and the RB gap between the UL and DL subbands.

BWP switching for SBFD operation within a TDD carrier
Semi-static configuration for SBFD subband time and frequency locations was agreed in RAN1 #110 to be considered as baseline. However, the semi-static configuration may result in suboptimal NW operations. For example, the configuration cannot dynamically change based on the UL/DL traffic that can result in reduced scheduling flexibility, waste of resources, increased latency, and increased scheduling complexity due to the fixed resource allocations. 
In RAN1#110bis-e, the working assumption was agreed that for SBFD operation within a TDD carrier, the SBFD will be studied within a single configured DL and UL BWP pair with aligned center frequencies as baseline. 
Considering the semi-static configuration of SBFD subbands/BWPs, in case more than one SBFD BWP is configured, it may be possible to schedule the UE to operate in different BWPs, e.g., based on NW UL/DL traffic and scheduling requirements. For example, in case UL traffic is more than DL traffic, the NW may indicate a BWP pair in which the UE to operate in an associated SBFD configuration comprising a larger UL subband. Alternatively, in case the DL traffic is more than UL, the NW may select the UE to switch to operate in another SBFD configuration that is associated with a different BWP pair comprising larger DL subband(s) (i.e., smaller UL subband).
Observation 3. Using SBFD schemes with more than one configured DL and UL BWP pair, where each BWP pair is associated with a SBFD configuration could result in improving scheduling flexibility, optimal resource allocations, lower latency, and so forth.
Proposal 3. Study the aspects of BWP switching for SBFD schemes with more than one configured DL and UL BWP pair, where each BWP pair is associated with a SBFD configuration.

SBFD operation in SSB symbols
In RAN1#110bis-e, it was agreed to study whether the SBFD operation can take place in SSB symbols, and if such operation could be supported. In general, the SSB detection during the initial access is based on blind detection and based on sync raster configurations. As such, a UE performs the blind detection through sync raster entries in frequency domain to detect the SS/PBCH blocks. 
The initial access procedure for SSB detection is conditioned on that the frequency bands are DL bands. However, if some of the subbands is configured as UL subbands in a SBFD configuration, this may result in lower flexibility and reduced performance. For example, if a UE is trying to find an SS/PBCH block, the UE may search all frequencies based on default sync raster entries, even if some of the subbands are configured as UL for SBFD. As such, the UE that is not aware of the SBFD configuration may search the UL subbands as well that is a waste of time and power at the UE side. On the other hand, considering some subbands to be used as UL may result in lower sync raster opportunities and lower flexibility in initial access procedure.
Observation 4. Considering UL subbands in SSB symbols could result in increased latency and complexity at the UE-side and lower flexibility at the NW-side for the purpose of initial access procedure.
Proposal 4. At least for the purpose of initial access procedure, application of SBFD operation in SSB symbols needs to be avoided. 

Collision Handling
In RAN1 #110bis-e, it was agreed to study the cases where a UE detects a conflict for the UL and DL operation in the same SBFD symbol. It was also agreed to study the ways to handle the conflicts in case of happening. 
In our opinion, the UEs can handle the conflict in the UL and DL in the same SBFD symbol based on configured prioritizations. For example, the priority could be based on the physical channel priority between the uplink and downlink.
For example, PDSCH could have a higher priority than PUSCH. As such, in case a UE is scheduled to receive PDSCH in a SBFD symbol and the UE is also granted for PUSCH transmission in the same SBFD symbol, the UE may determine that downlink has higher priority than uplink. In another example, the UE may prioritize dynamic grant PDSCH over dynamic grant PUSCH without UCI. Alternatively, the UE may give lower priority to a dynamic grant PDSCH than a dynamic grant PUSCH with UCI. Moreover, the UE may consider dynamic grant PDSCH with lower priority than an uplink control channel or signal transmission, such as PUCCH or SRS.
In general, the UE might be configured to consider dynamic grant with higher priority than configured grant. In another example, the UE could determine that the downlink reference signals such as SSB, CSI-RS, PRS, and TRS have higher priority that the transmission of uplink reference signals such as SRS.
Observation 5. In case the UE is configured with physical channel priorities, the UE could use them to handle collisions in SBFD symbols.
Proposal 5. Consider configuration of physical channel priorities for handling the collisions in SBFD symbols, including uplink, downlink, control channels, data channels, dynamic grant, configured grant, and so forth. 

Analysis on effects of intra-/inter-subband CLI 
In this subsection, we discuss effects of intra-subband and inter-subband CLI based on initial LLS results, where we conducted the LLS to see how much negative impacts on DL reception on a subband (e.g., RBs) can be observed, when intra-subband CLI on the same overlapped subband or inter-subband CLI on adjacent or non-overlapped subband exist due to nearby other UE’s uplink transmissions.
Simulation assumptions for the LLS are summarized in Appendix (Table 3). We considered a duplexing scheme where the DL signal can be a couple of dBs less than, greater than or equal to the UL (CLI) signal. For a given UL (CLI) RB allocation, we evaluated the DL receiver performance for various RB allocations over the system bandwidth considering several degrees of intra and inter subband CLI overlaps as shown in Figure 3. For the initial results presented, no signal impairments due to PA nonlinearity or other imperfections, etc. are considered, where such impairments may further increase the adjacent inter-subband CLI level. 
Additionally, the performance evaluations considered some timing advance (up to half an OFDM symbol) being applied between the DL and UL, which represents a realistic environment when UE-to-UE CLI exists, as an uplink (CLI) signal transmission timing is controlled by a timing advance mechanism from its serving cell/TRP.
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Figure 3. Throughput vs SNR: DL signal and CLI having same power level
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Figure 4. Throughput vs SNR: CLI power 18dB below DL signal

Figures 3 and 4 show throughput performance for the DL signal affected by intra- and inter-subband CLI (UL) with different power levels relative to the DL signal. Figure 3 is for the case when CLI and DL signal power are identical, while Figure 4 is for the case where CLI power level is 18dB below the DL signal. The throughput performance curves are generated based on applying the half symbol timing advance on the CLI signal in both figures. 
It can be seen from both Figure 3 and Figure 4 that, for a given MCS index, i.e., MCS-27, the DL throughput performance suffers considerably from the effects of CLI and approaches almost zero when there is any amount of intra-subband CLI being overlapped with the DL signal. Moreover, the ICI as a result of the inter-subband CLI has a severe impact on the throughput when the inter-subband CLI is adjacent to the DL signal with 0-RB gap in between. Throughput performance improves significantly to 90% of the maximum throughput when the adjacent subband gap between the DL signal and the inter-subband CLI is at least 2RBs in this example scenario. 
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Figure 5. Normalized Throughput vs SNR, for various PRB allocations of DL signal (victim) 
and 25PRB allocation for CLI (UL)

Figure 5 shows the normalized throughput performance curves for the DL signal relative to the number of PRBs allocated to it. For the various number (2, 5, 10, 25, and 50) of PRB allocations to the DL (victim) signal, the CLI (UL) signal is allocated 25PRBs and it is assumed to be 18dB below the DL signal. The normalized throughput performance is shown for the case when there is no frequency gap (0PRB gap) and for a frequency gap of 1 PRB, between the DL signal and the CLI. It can be observed that as the frequency allocation (number of PRBs) of the DL signal relative to the frequency allocation of the CLI decreases, the performance of the DL signal degrades significantly. It can also be seen that the relative degradation with lower number of frequency (PRB) allocation is considerable when there is 0PRB frequency gap between DL signal and the CLI (UL) signal compared to a frequency gap of 1PRB. 

Observation 6. DL throughput performance suffers considerably at high MCSs and approaches to almost zero when there is any degree of intra-subband CLI overlap with DL signal.
Observation 7. Inter-carrier interference, resulting from time advance on inter-subband CLI may impact DL throughput performance significantly, especially at high MCS indices, when there is no adjacent inter-subband distance between the DL signal and the CLI, i.e., 0-RB gap.
Observation 8. At high MCS indices, DL throughput performance recovers to 90% of the maximum throughput when the inter-subband distance between the DL signal and the CLI signal is at least 2-RB in this example scenario.
Observation 9. In addition to the frequency gap between the DL signal and the CLI (UL) signal, the amount of frequency resources (PRBs) allocated to the DL signal relative to that for the CLI signal also impacts the normalized throughput performance significantly. 
Proposal 6. Study performance of applying a frequency gap or guard RBs for a UL transmission in an SBFD framework for interference mitigation with regards to adjacent DL subbands.

Performance comparison between SBFD and legacy TDD 
In this subsection we compare the performance of SBFD with legacy TDD via system level simulations. We consider the SBFD deployment case 1, where a single carrier is considered with all cells using the same SBFD subband configuration. We consider the FR1 - Urban macro deployment. We applied Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD) from the agreement made in RAN1#109-e [2], which includes the following:
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Alt. 2 : 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.
· SBFD: Alt. 4: 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.

Legacy TDD uses a shared Tx/Rx antenna array for downlink and uplink transmission/receptions, whereas SBFD utilizes separate Tx/Rx antenna array for simultaneous downlink and uplink transmission. The total number of TxRUs is the same for both legacy TDD and SBFD, however in the SBFD case, each of the downlink and uplink uses half of the total number of TxRUs. 
Regarding antenna elements, following options are considered for this evaluation:.
· SBFD 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.
· SBFD 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.

Additionally, the effect of ratio of self-interference (RSI) at gNB receiver is considered. The effect of three different RSI values: 135 dB, 145 dB, 165 dB on UL performance are evaluated.

We consider two traffic ratios: (i) DL:UL ratio = 1:1, and (ii) DL:UL ratio = 2:1. Additionally, for both of these we consider varying DL:UL traffic arrival rates/loads. Tables 1-3 presents results for the DL:UL ratio of 1:1, whereas Table 4-6 presents results for the 2:1 ratio. Additional details regarding simulation assumptions can be found in the Appendix (Table 8).

Table 1. legacy TDD vs. SBFD for 1:1 (DL:UL) ratio – low load
	
Reported parameters
	DL/UL ratio 1/1

	
	Legacy TDD
	SBFD Opt.1 
	SBFD Opt. 2

	
	
	Alt. 2
	Alt. 4
	Alt. 2
	Alt. 4

	
	
	RSI (dB)
	RSI (dB)
	RSI (dB)
	RSI (dB)

	
	
	135
	145
	165
	135
	145
	165
	135
	145
	165
	135
	145
	165

	DL
UPT
[Mbps]
	
Mean
	497.07
	410.71
	411.32
	410.32
	510.61
	511.99
	511.61
	424.64
	424.64
	425.17
	530.12
	529.41
	532.09

	UL
UPT
[Mbps]
	Mean
	54.75
	52.51
	53.38
	53.61
	40.70
	40.96
	41.15
	62.67
	63.52
	63.92
	45.86
	45.69
	45.88

	DL Latency 
[s]
	Mean
	0.012
	0.015
	0.015
	0.015
	0.012
	0.012
	0.012
	0.014
	0.014
	0.014
	0.011
	0.011
	0.011

	UL Latency 
[s]
	Mean
	0.502
	0.531
	0.519
	0.512
	0.534
	0.531
	0.531
	0.438
	0.429
	0.425
	0.524
	0.519
	0.514

	RU (%)
	15.8
	24.1
	23.7
	23.9
	16.9
	16.8
	16.8
	22.3
	22.2
	22.2
	16.1
	16.0
	16.0

	
	0.24/0.24

	
	Additional comments: 
DL:UL ratio 1:1 
Legacy TDD Slot config: {DDDSU}, with S = [12D, 2G, 0U]
SBFD slot config: Two options considered
Alt. 2: {XXXXU}, where X denotes SBFD slot with [DUD] = [40 20 40] RB split, and U is uplink only slot
Alt. 4: {XXXXX}, where X denotes SBFD slot with [DUD] = [40 20 40] RB split, and U is uplink only slot
Traffic:  are number of packet arrivals per UE (each packet is 0.5MB)
SBFD Antenna configuration: Two options considered
Option 1: (same # of antenna elements as TDD)
Option 2: (# of antenna elements for SBFD is two times that of TDD)



Table 2. legacy TDD vs. SBFD for 1:1 (DL:UL) ratio – medium load
	
Reported parameters
	DL/UL ratio 1/1

	
	Legacy TDD
	SBFD Opt.1 
	SBFD Opt. 2

	
	
	Alt. 2
	Alt. 4
	Alt. 2
	Alt. 4

	
	
	RSI (dB)
	RSI (dB)
	RSI (dB)
	RSI (dB)

	
	
	135
	145
	165
	135
	145
	165
	135
	145
	165
	135
	145
	165

	DL
UPT
[Mbps]
	
Mean
	319.41
	283.38
	285.0
	284.76
	379.21
	380.53
	380.47
	302.33
	302.02
	302.12
	401.92
	401.62
	401.88

	UL
UPT
[Mbps]
	Mean
	52.25
	47.37
	53.29
	55.29
	30.73
	37.80
	39.11
	54.89
	59.17
	62.10
	37.47
	43.31
	44.19

	DL Latency 
[s]
	Mean
	0.023
	0.025
	0.025
	0.025
	0.018
	0.018
	0.018
	0.023
	0.023
	0.023
	0.017
	0.017
	0.017

	UL Latency 
[s]
	Mean
	0.764
	0.773
	0.736
	0.719
	0.853
	0.781
	0.744
	0.745
	0.671
	0.612
	0.772
	0.745
	0.738

	RU (%)
	39.7
	52.0
	51.6
	51.6
	35.6
	35.5
	35.6
	50.4
	50.2
	49.8
	34.5
	34.5
	34.5

	
	1.43/1.43

	
	Additional comments: 
DL:UL ratio 1:1 
Legacy TDD Slot config: {DDDSU}, with S = [12D, 2G, 0U]
SBFD slot config: Two options considered
Alt. 2: {XXXXU}, where X denotes SBFD slot with [DUD] = [40 20 40] RB split, and U is uplink only slot
Alt. 4: {XXXXX}, where X denotes SBFD slot with [DUD] = [40 20 40] RB split, and U is uplink only slot
Traffic:  are number of packet arrivals per UE (each packet is 0.5MB)
SBFD Antenna configuration: Two options considered
Option 1: (same # of antenna elements as TDD)
Option 2: (# of antenna elements for SBFD is two times that of TDD)



Table 3. legacy TDD vs. SBFD for 1:1 (DL:UL) ratio – high load
	
Reported parameters
	DL/UL ratio 1/1

	
	Legacy TDD
	SBFD Opt.1 
	SBFD Opt. 2

	
	
	Alt. 2
	Alt. 4
	Alt. 2
	Alt. 4

	
	
	RSI (dB)
	RSI (dB)
	RSI (dB)
	RSI (dB)

	
	
	135
	145
	165
	135
	145
	165
	135
	145
	165
	135
	145
	165

	DL
UPT
[Mbps]
	
Mean
	288.10
	223.06
	223.69
	223.93
	310.97
	313.54
	310.541
	239.81
	239.59
	239.92
	332.9
	331.33
	332.88

	UL
UPT
[Mbps]
	Mean
	43.37
	29.79
	43.58
	46.27
	15.10
	23.18
	26.33
	40.74
	56.37
	58.92
	19.12
	30.11
	31.85

	DL Latency 
[s]
	Mean
	0.027
	0.040
	0.041
	0.041
	0.025
	0.024
	0.025
	0.036
	0.036
	0.036
	0.023
	0.023
	0.023

	UL Latency 
[s]
	Mean
	0.970
	1.084
	0.944
	0.899
	1.516
	1.213
	1.144
	0.901
	0.758
	0.746
	1.298
	1.005
	0.930

	RU (%)
	52
	67.8
	67.8
	67.8
	50.2
	49.7
	50.2
	65.8
	65.7
	65.6
	48.1
	48.3
	48.2

	
	2.4/2.4

	
	Additional comments: 
DL:UL ratio 1:1 
Legacy TDD Slot config: {DDDSU}, with S = [12D, 2G, 0U]
SBFD slot config: Two options considered
Alt. 2: {XXXXU}, where X denotes SBFD slot with [DUD] = [40 20 40] RB split, and U is uplink only slot
Alt. 4: {XXXXX}, where X denotes SBFD slot with [DUD] = [40 20 40] RB split, and U is uplink only slot
Traffic:  are number of packet arrivals per UE (each packet is 0.5MB)
SBFD Antenna configuration: Two options considered
Option 1: (same # of antenna elements as TDD)
Option 2: (# of antenna elements for SBFD is two times that of TDD)



Table 4. legacy TDD vs. SBFD for 2:1 (DL:UL) ratio – low load
	
Reported parameters
	DL/UL ratio 2/1

	
	Legacy TDD
	SBFD Opt.1 
	SBFD Opt. 2

	
	
	Alt. 2
	Alt. 4
	Alt. 2
	Alt. 4

	
	
	RSI (dB)
	RSI (dB)
	RSI (dB)
	RSI (dB)

	
	
	135
	145
	165
	135
	145
	165
	135
	145
	165
	135
	145
	165

	DL
UPT
[Mbps]
	
Mean
	466.69
	381.31
	382.89
	382.59
	485.04
	485.49
	485.44
	402.05
	399.73
	399.77
	505.57
	506.44
	505.99

	UL
UPT
[Mbps]
	Mean
	54.61
	51.44
	52.24
	53.51
	39.77
	40.60
	40.93
	61.59
	63.13
	63.55
	44.80
	45.69
	45.73

	DL Latency 
[s]
	Mean
	0.013
	0.016
	0.016
	0.016
	0.013
	0.013
	0.013
	0.015
	0.015
	0.015
	0.012
	0.012
	0.012

	UL Latency 
[s]
	Mean
	0.495
	0.541
	0.529
	0.513
	0.563
	0.538
	0.533
	0.466
	0.431
	0.424
	0.527
	0.526
	0.516

	RU
	18.4%
	26.9%
	23.7
	26.4
	19.5%
	19.4
	19.4
	25.0%
	24.7
	24.6
	18.4%
	18.4
	18.4

	
	0.48/0.24

	
	Additional comments: 
DL:UL ratio 2:1 
Legacy TDD Slot config: {DDDSU}, with S = [12D, 2G, 0U]
SBFD slot config: Two options considered
Alt. 2: {XXXXU}, where X denotes SBFD slot with [DUD] = [40 20 40] RB split, and U is uplink only slot
Alt. 4: {XXXXX}, where X denotes SBFD slot with [DUD] = [40 20 40] RB split, and U is uplink only slot
Traffic:  are number of packet arrivals per UE (each packet is 0.5MB)
SBFD Antenna configuration: Two options considered
Option 1: (same # of antenna elements as TDD)
Option 2: (# of antenna elements for SBFD is two times that of TDD)



Table 5. legacy TDD vs. SBFD for 2:1 (DL:UL) ratio – medium load
	
Reported parameters
	DL/UL ratio 2/1

	
	Legacy TDD
	SBFD Opt.1 
	SBFD Opt. 2

	
	
	Alt. 2
	Alt. 4
	Alt. 2
	Alt. 4

	
	
	RSI (dB)
	RSI (dB)
	RSI (dB)
	RSI (dB)

	
	
	135
	145
	165
	135
	145
	165
	135
	145
	165
	135
	145
	165

	DL
UPT
[Mbps]
	
Mean
	359.10
	284.18
	284.75
	284.71
	381.31
	377.56
	380.84
	302.38
	303.49
	303.29
	400.02
	401.63
	401.07

	UL
UPT
[Mbps]
	Mean
	56.39
	49.77
	55.24
	56.35
	38.53
	42.94
	44.69
	58.01
	63.37
	65.61
	42.89
	46.69
	48.03

	DL Latency 
[s]
	Mean
	0.019
	0.025
	0.025
	0.025
	0.018
	0.018
	0.018
	0.023
	0.023
	0.023
	0.017
	0.017
	0.017

	UL Latency 
[s]
	Mean
	0.615
	0.633
	0.549
	0.529
	0.685
	0.585
	0.565
	0.483
	0.474
	0.452
	0.636
	0.590
	0.578

	RU
	35.8
	49.6
	49.1
	48.9
	35.0
	35.0
	34.8
	47.5
	46.7
	46.6
	34.2
	34.0
	33.8

	
	1.43/0.71

	
	Additional comments: 
DL:UL ratio 2:1 
Legacy TDD Slot config: {DDDSU}, with S = [12D, 2G, 0U]
SBFD slot config: Two options considered
Alt. 2: {XXXXU}, where X denotes SBFD slot with [DUD] = [40 20 40] RB split, and U is uplink only slot
Alt. 4: {XXXXX}, where X denotes SBFD slot with [DUD] = [40 20 40] RB split, and U is uplink only slot
Traffic:  are number of packet arrivals per UE (each packet is 0.5MB)
SBFD Antenna configuration: Two options considered
Option 1: (same # of antenna elements as TDD)
Option 2: (# of antenna elements for SBFD is two times that of TDD)



Table 6. legacy TDD vs. SBFD for 2:1 (DL:UL) ratio – high load
	
Reported parameters
	DL/UL ratio 2/1

	
	Legacy TDD
	SBFD Opt.1 
	SBFD Opt. 2

	
	
	Alt. 2
	Alt. 4
	Alt. 2
	Alt. 4

	
	
	RSI (dB)
	RSI (dB)
	RSI (dB)
	RSI (dB)

	
	
	135
	145
	165
	135
	145
	165
	135
	145
	165
	135
	145
	165

	DL
UPT
[Mbps]
	
Mean
	260.56
	198.55
	198.77
	199.06
	280.61
	280.28
	280.16
	214.17
	213.66
	215.052
	303.82
	305.91
	304.72

	UL
UPT
[Mbps]
	Mean
	52.12
	37.16
	51.27
	55.15
	23.93
	35.17
	39.544
	45.38
	57.00
	61.50
	29.32
	41.332
	43.86

	DL Latency 
[s]
	Mean
	0.034
	0.069
	0.069
	0.069
	0.032
	0.032
	0.032
	0.052
	0.052
	0.051
	0.028
	0.028
	0.028

	UL Latency 
[s]
	Mean
	0.763
	0.844
	0.755
	0.709
	1.012
	0.800
	0.733
	0.835
	0.699
	0.627
	0.944
	0.757
	0.735

	RU
	60.3
	75.8
	75.4
	75.2
	58.7
	58.8
	58.8
	73.6
	73.1
	73.1
	56.4
	56.4
	56.3

	
	2.86/1.43

	
	Additional comments: 
DL:UL ratio 2:1 
Legacy TDD Slot config: {DDDSU}, with S = [12D, 2G, 0U]
SBFD slot config: Two options considered
Alt. 2: {XXXXU}, where X denotes SBFD slot with [DUD] = [40 20 40] RB split, and U is uplink only slot
Alt. 4: {XXXXX}, where X denotes SBFD slot with [DUD] = [40 20 40] RB split, and U is uplink only slot
Traffic:  are number of packet arrivals per UE (each packet is 0.5MB)
SBFD Antenna configuration: Two options considered
Option 1: (same # of antenna elements as TDD)
Option 2: (# of antenna elements for SBFD is two times that of TDD)



We observe that Alt. 4 yields better downlink performance than Alt. 2, due to the fact that there is additional DL slot (and hence RBs) available when compared to Alt. 2 ({XXXXX} vs. {XXXXU}). Additionally, we observe a drop in downlink UPT for SBFD Alt. 2 when compared with legacy TDD, since each of the SBFD (X) slots only provide 80% of the bandwidth for downlink transmissions, whereas TDD offers four (full bandwidth) slots out of every five for downlink transmissions. For this reason, we also observe that UL performance for Alt. 2 is better than that of Alt. 4, also better than legacy TDD (for RSI greater than 145 dB under SBFD Opt. 1), and better than legacy TDD irrespective of RSI value for SBFD Opt. 2.
Another observation is that SBFD Option 2 provides better performance than SBFD Option 1. This directly results from the beamforming gain Option 2 offers (two elements per TxRU, compared to a 1-1 mapping between antenna element and TxRU for Option 1). 
With regards to the impact of RSI, we observe that as RSI increases from 135 dB to 165 dB, UL performance improves. This results from the fact that total residual interference on the UL subband decreases. Since RSI has no impact on DL, DL performance is unaffected. 
An important observation here is that, as load increases, low RSI at gNB receiver has a significant impact on uplink performance. The degradation gets worse when DL/UL ratio is 2/1 vs. 1/1, due to the fact that there is a larger proportion of DL traffic in the system.

Observation 10. Restricting DL subband transmissions on slots that correspond to UL slots in legacy TDD can improve uplink performance but negatively impacts downlink performance. 
Observation 11. The static/fixed subband partitioning, e.g., [DUD] = [40 20 40] RB split all the time, results in worse performance for SBFD compared with legacy TDD in downlink. Thus, flexible/versatile subband partitioning and its dynamic indication mechanisms should be considered to cope with varying traffic/channel conditions.
Observation 12. Utilizing SBFD option 2 (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) improves SBFD performance.
Proposal 7. Analysis on various downlink performance degradation aspects due to the SBFD operations compared with legacy TDD systems should also be an important part of the NR-Duplex study.
Proposal 8. To overcome the degraded downlink performance due to the static/fixed subband partitioning, flexible/versatile subband partitioning and its dynamic indication mechanisms should be further discussed to cope with varying traffic/channel conditions.

On CLI Mitigation aspects 
A granularity of a subband in the SBFD scenario can be a group of RBs. Since the gNB can flexibly schedule an UL transmission over a set of RBs on a subband for a UE, this may be adjacent to another subband being allocated for DL in SBFD. As observed by Figures 3, 4, 5, and 6 as the LLS results, the UL transmission may cause a severe UE-to-UE CLI leakage on the adjacent DL subband, which depends on the frequency gap between the UL RBs and the DL RBs.
In line with these aspects as well, in RAN1#110 it was agreed to study the potential solutions of UE-to-UE CLI measurement and reporting for SBFD scheme. 

Dynamic Power Management
One way of handling this CLI issue is to consider dynamic UL power control depending on some factors such as the frequency gap, beam/spatial-domain parameter, a priority indication on the UL, and so on. Dynamic link adaptation mechanism can also be considered similarly. For example, MCS adjustment depending on the factors can be beneficial to mitigate the effects of the CLI dynamically.
Observation 13. In the SBFD scenario, an UL transmission over a subband causes significant UE-to-UE CLI leakage on the adjacent DL subband depending on a frequency gap between the UL RBs and DL RBs of each subband. 
Proposal 9. Study dynamic UL power control mechanism based on some dynamic factors such as the frequency gap, beam/spatial-domain parameter, or a priority indication on the UL, to mitigate the effects of the CLI dynamically.

On the other hand, gNB may apply a downlink power backoff on some SBFD slots or symbols to deal with self-interference caused by the FD operation as a part of gNB implementation. This can have some impacts to UE behaviours unless the amount of power backoff is negligible on a given slot. 
Since such a power management behaviour can be in a dynamic manner in the SBFD scenario, it is beneficial to consider informing UE of the dynamic power adjustment and related operations. For example, UE can apply the information to a CSI calculation by adjusting a channel power-level for compensation to improve CSI accuracy and depending on the information the UE may be better skipping some measurements on the SBFD slots/symbols. Details on when and how to trigger these behaviours are to be further studied to deal with the UE-to-UE CLI.
Observation 14. As a part of gNB implementation, the gNB may apply a downlink power backoff on some SBFD slots or symbols to deal with self-interference caused by the FD operation, which can impact to UE behaviours depending on the amount of power backoff. 
Proposal 10. Consider mechanisms to apply measurement skipping on some SBFD slots/symbols and power adjustment in deriving a CSI, depending on a level of dynamic power management occurred in the SBFD scenario.

Subband-edge-specific CLI Measurement
The UE-to-UE CLI leakage on the adjacent subbands in SBFD can be measured and reported as part of UE-to-UE CLI mitigation techniques. The inter-subband CLI in SBFD may impose higher interference on subband-edge RBs and resources, whereas the resources in the middle of the SBFD subband may not experience CLI as much. As such, measuring and averaging the CLI over the whole SBFD subband may result in down estimation of the CLI.
For example, the UE can measure a delta parameter that is based on measuring and calculating the difference between a first CLI-RSSI measured from the resources in the edge of the configured RBs and a second CLI-RSSI measured from the resources located in the middle of the configured RBs. As such, the difference between the CSI-RSSI measured in the edge and CLI-RSSI measured in the middle can be used as an indication of inter-subband CLI.
Observation 15. Inter-subband UE-to-UE CLI measurement in SBFD slots based on measuring over configured RB resources and averaging may result in down-estimation, as the subband-edge RBs experience higher CLI compared to RBs in the middle of the subband. 
Proposal 11. Study measurement resources and reporting configurations for subband-edge CLI measurement. 

CLI mitigation via monitoring beams
In general, DL/UL resource assignment for a UE can be based on CSI/beam measurement and reporting procedures supported in NR. Based on the CSI/beam measurements performed on a configured DL RS (e.g., CSI-RS) resource, the UE can report one or more preferred beam/RS indexes along with corresponding quality metrics such as CQI, L1-RSRP, or L1-SINR. The reported contents can be subband-wise, depending on gNB’s configuration, and those can be used for gNB’s scheduling on the DL/UL resource assignment for the UE. The beam information for the DL/UL resource assignment can be based on an indicated transmission configuration indicator (TCI) for a DL/UL channel/signal. When the UE receives a grant (DCI), the UE can apply a spatial filter determined by the indicated beam information to perform the DL reception or the UL transmission. These general procedures are not based on any dynamic information related to CLI (e.g., UE-to-UE CLI) as the UE’s measurement and reporting is based on a configured RS resource which is relevant only with the gNB.
A CLI due to a signal transmitted by other (aggressor) UE can be present and severely degrade a reception performance of a DL signal by the grant at the UE, where the presence of the interference may not be known prior to the grant, e.g., in case when the aggressor UE is associated with a different serving-cell/TRP. Due to the CLI which is not captured in the general CSI/beam reporting, the UE may fail to receive the DL signal, which degrades the DL performance. The failure in receiving the DL signal can continue to happen, in case when such unexpected UE-to-UE CLIs may exist for a duration of time.
Since such a UE-to-UE CLI can happen unexpectedly, it is beneficial to consider a conditional CLI handling behavior based on monitoring the beams at the (victim) UE side, where the monitoring can be conducted per subband which can be configured to the UE as performing subband-wise CLI measurement and reporting. Then, the victim UE can report the subband-wise CLI monitoring results, which can be used at the gNB to determine whether the assigned DL/UL resource to the UE should be changed to a different subband to avoid the CLI on a subband. The conditional behavior on CLI monitoring done at the victim UE may greatly simplify the network and UE implementation for CLI handling, as this procedure is transparent to the aggressor UE side. The condition can at least include a case when the victim UE detects a PDSCH reception failure, e.g., along with NACK transmission in general.
Observation 16. Since a general CSI/beam reporting in NR is not based on dynamic CLI-related information, a victim UE may unpredictably experience DL performance degradation if a UE-to-UE CLI occurs especially when an aggressor UE is served by a different serving gNB/TRP. 
Proposal 12. Study a conditional CLI handling behavior based on monitoring the beams at the victim UE side, where the condition can at least include a case when the victim UE detects a PDSCH reception failure, which initiates a subband-wise CLI measurement/reporting for a subband switching to avoid the CLI.

UL/DL timing alignment 
In conventional TDD systems, the UL and DL slots are considered separately in time domain. Therefore, subsequent slots are split in DL-only, UL-only, and flexible slots. The symbols in flexible slots can be scheduled to be used as DL or UL based on received configurations. The flexible symbols can also be used as guard period for timing alignment requirements (e.g., DL/UL switching, UL timing advance (TA)).
In SBFD schemes with one or more subbands allocated for UL transmission in DL slots, a non-zero timing advance or switching time in SBFD could result in inter-slot interference. As an example, shown in Figure 6, where the UL signals in UL SBs and DL signals in DL SBs/slots are interfered by each other due to timing advance. Also, inter-slot interference is shown in Figure 7 that is affecting the SBFD slots due to required switching time for UE between DL and UL that is also a factor for the timing alignment requirements.
For example, especially for a semi-statically scheduled resource (e.g., configured grant PUSCH), every time when UE receives a TA command which affects all related UL transmission including the CG-PUSCH, the UE has to check whether the adjusted/accumulated TA and the switching time requirement result in overlap with DL symbol in a prior DL slot, if scheduled, for SBFD operation. This does not happen in legacy TDD system as there is the flexible slot for this reason at least, while in SBFD operation, it is always possible to face a back-to-back scheduling between DL and UL for a UE.
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Figure 6. Inter-slot interference due to timing advance in SBFD UL SBs 
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Figure 7. Inter-slot interference due to switching time between DL and UL 

While the gNB might address the required timing advance/switching time based on resource allocations and scheduling (e.g., as part of gNB implementation), this requires significantly increased scheduling complexity at the gNB side and also increases the signaling overhead, especially for taking such semi-statically scheduled resources for both DL and UL into account. In another aspect, in case a scheduled (dynamic) grant for UL or DL with high priority is received and if the timing alignment requirement including required Rx/Tx or Tx/Rx switching time is not met, e.g., resulting in some DL/UL overlapped symbols being faced at the UE, this could again result in a severe performance degradation or dropping corresponding slots.
Observation 17. The issues in UL/DL timing alignment (between UL/DL SBs) in SBFD slots could result in inter-slot interference and dropping of respective slots, especially for back-to-back scheduling cases between DL and UL. 
Therefore, there should be a means for UE to detect if the allocated UL/DL timing alignment is accurate and enough, especially for such back-to-back scheduling between DL and UL given to the UE. In case UE has detected timing discrepancies, the UE could report the issues along with requesting for adjustment or at least should be able to determine which overlapped portion of either DL symbol(s) or UL symbol(s) can be dropped or punctured. For example, the UE could also determine to include the time required for the timing alignment inside respective UL/DL SB in SBFD slot, where the scheduled UL transmission on the SBFD slot can have a rate-matched or punctured symbol(s) in the front symbol positions of the UL transmission, or alternatively DL symbol(s) can be punctured, which should depend on gNB’s flexible configurations for such UE behaviours. 
Proposal 13. Study UL/DL timing alignment issues in subband non-overlapping full duplex systems. 

PUCCH/PUSCH Resource Allocation in SBFD Symbols
It is important to properly support UL resource allocations in SBFD symbols with UL subbands, which is one of main goals for this NR-Duplex feature. In a scenario, a HARQ-ACK/PUCCH transmission that is configured for a SPS PDSCH or by a dynamic-grant based PDSCH could be scheduled in an SBFD slot, where the respective PUCCH resource indicator (PRI) can point to a frequency location that is outside of the SBFD UL subband boundary. As such, the PRI that was originally configured to span the whole BWP in a legacy UL-only slot, may point to a frequency position outside of the SBFD UL subband. This could result in dropping the HARQ-ACK/PUCCH transmission that could lead to increase the latency, which is also one of the main objectives of employing SBFD in NR-Duplex. Alternatively, the UE could be configured with supplementary configurations so that the UE could reinterpret the original PRI to be mapped to different frequency resources inside the SBFD UL subband boundaries.
In another scenario, repetition-based PUSCH transmissions may be scheduled for a UE, where one or more of the repetitions can be occurred in SBFD slots. Since the SBFD slots include UL subbands, it needs to be addressed whether they could be counted as available slots or not. For example, the UE could decide whether to count the SBFD slots as well, or only count the legacy UL slots as available, based on configurations from gNB. In case the scheduled frequency resources are within the SBFD UL subbands, this should be straightforward for UE to be able to transmit PUSCH repetitions in respective SBFD slots. However, in case the scheduled frequency resources are outside of the SBFD UL subbands’ boundaries, the UE may need further configurations on how to reinterpret the scheduled frequency resources to be mapped within the SBFD boundaries.
Observation 18. In case the scheduled frequency resources for an UL transmission are located outside of the boundaries of the SBFD UL subbands, the UE may need further configurations to reinterpret the frequency resources to be mapped within the SBFD UL boundaries.
Proposal 14. Study the feasibility and potential benefits of providing supplementary configurations to the UE to be used in case PUCCH/PUSCH frequency resources are mapped to outside of the SBFD UL boundaries.

Conclusion
In this contribution, we discussed subband non-overlapping full duplex (SBFD) operations, based on the analysis on effects of intra-/inter-subband CLI, and discussed issues on power management, sensing-based CLI mitigation, UL/DL timing alignment, UE-to-UE CLI mitigation, resource allocations in SBFD, and benefits of SBFD operating through multiple BWPs. From the discussions, we made following observations and proposals:
Observation 1. Mixed D/U regions informed to a UE per symbol/slot in a cell can be used for a subband-wise UL transmission or DL reception, which results in UL coverage/capacity enhancement while achieving parallel DL transmissions over non-overlapped RBs. 
Observation 2. In cases with dynamic RB gap indication, the DL subbands can be determined based on the indicated UL subbands and the RB gap.
Observation 3. Using SBFD schemes with more than one configured DL and UL BWP pair, where each BWP pair is associated with a SBFD configuration could result in potential benefits in scheduling flexibility, optimal resource allocations, lower latency, and so forth.
Observation 4. Considering UL subbands in SSB symbols could result in increased latency and complexity at the UE-side and lower flexibility at the NW-side for the purpose of initial access procedure.
Observation 5. In case the UE is configured with physical channel priorities, the UE could use them to handle collisions in SBFD symbols.
Observation 6. DL throughput performance suffers considerably at high MCSs and approaches to almost zero when there is any degree of intra-subband CLI overlap with DL signal.
Observation 7. Inter-carrier interference, resulting from time advance on inter-subband CLI may impact DL throughput performance significantly, especially at high MCS indices, when there is no adjacent inter-subband distance between the DL signal and the CLI, i.e., 0-RB gap.
Observation 8. At high MCS indices, DL throughput performance recovers to 90% of the maximum throughput when the inter-subband distance between the DL signal and the CLI signal is at least 2-RB in this example scenario.
Observation 9. In addition to the frequency gap between the DL signal and the CLI (UL) signal, the amount of frequency resources (PRBs) allocated to the DL signal relative to that for the CLI signal also impacts the normalized throughput performance significantly. 
Observation 10. Restricting DL subband transmissions on slots that correspond to UL slots in legacy TDD can improve uplink performance but negatively impacts downlink performance. 
Observation 11. The static/fixed subband partitioning, e.g., [DUD] = [40 20 40] RB split all the time, results in worse performance for SBFD compared with legacy TDD in downlink. Thus, flexible/versatile subband partitioning and its dynamic indication mechanisms should be considered to cope with varying traffic/channel conditions.
Observation 12. Utilizing SBFD option 2 (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) improves SBFD performance.
Observation 13. In the SBFD scenario, a UL transmission over a subband causes significant UE-to-UE CLI leakage on the adjacent DL subband depending on a frequency gap between the UL RBs and DL RBs of each subband. 
Observation 14. As a part of gNB implementation, the gNB may apply a downlink power backoff on some SBFD slots or symbols to deal with self-interference caused by the FD operation, which can impact to UE behaviours depending on the amount of power backoff. 
Observation 15. Inter-subband UE-to-UE CLI measurement in SBFD slots based on measuring over configured RB resources and averaging may result in down-estimation, as the subband-edge RBs experience higher CLI compared to RBs in the middle of the subband. 
Observation 16. Since a general CSI/beam reporting in NR is not based on dynamic CLI-related information, a victim UE may unpredictably experience DL performance degradation if a UE-to-UE CLI occurs especially when an aggressor UE is served by a different serving gNB/TRP. 
Observation 17. The issues in UL/DL timing alignment (between UL/DL SBs) in SBFD slots could result in inter-slot interference and dropping of respective slots, especially for back-to-back scheduling cases between DL and UL. 
Observation 18. In case the scheduled frequency resources for an UL transmission are located outside of the boundaries of the SBFD UL subbands, the UE may need further configurations to re-interpret the frequency resources to be mapped within the SBFD UL boundaries.

Proposal 1. Study mechanisms on how to inform UE of mixed D/U regions per symbol/slot as an enhancement of SFI to achieve subband non-overlapping FD (SBFD).
· Consider the cases where multiple BWPs/subbands are configured for SBFD within the same carrier.
Proposal 2. Consider implicit indication of the subband frequency locations for the DL subbands based on the indicated UL subbands and the RB gap between the UL and DL subbands.
Proposal 3. Study the aspects of BWP switching for SBFD schemes with more than one configured DL and UL BWP pair, where each BWP pair is associated with a SBFD configuration.
Proposal 4. At least for the purpose of initial access procedure, application of SBFD operation in SSB symbols needs to be avoided. 
Proposal 5. Consider configuration of physical channel priorities for handling the collisions in SBFD symbols, including uplink, downlink, control channels, data channels, dynamic grant, configured grant, and so forth. 
Proposal 6. Study performance of applying a frequency gap or guard RBs for a UL transmission in an SBFD framework for interference mitigation with regards to adjacent DL subbands. 
Proposal 7. Analysis on various downlink performance degradation aspects due to the SBFD operations compared with legacy TDD systems should also be an important part of the NR-Duplex study.
Proposal 8. To overcome the degraded downlink performance due to the static/fixed subband partitioning, flexible/versatile subband partitioning and its dynamic indication mechanisms should be further discussed to cope with varying traffic/channel conditions.
Proposal 9. Study dynamic UL power control mechanism based on some dynamic factors such as the frequency gap, beam/spatial-domain parameter, or a priority indication on the UL, to mitigate the effects of the CLI dynamically.
Proposal 10. Consider mechanisms to apply measurement skipping on some SBFD slots/symbols and power adjustment in deriving a CSI, depending on a level of dynamic power management occurred in the SBFD scenario.
Proposal 11. Study measurement resources and reporting configurations for subband-edge CLI measurement. 
Proposal 12. Study a conditional CLI handling behavior based on monitoring the beams at the victim UE side, where the condition can at least include a case when the victim UE detects a PDSCH reception failure, which initiates a subband-wise CLI measurement/reporting for a subband switching to avoid the CLI.
Proposal 13. Study UL/DL timing alignment issues in subband non-overlapping full duplex systems.
Proposal 14. Study the feasibility and potential benefits of providing supplementary configurations to the UE to be used in case PUCCH/PUSCH frequency resources are mapped (partially or totally) to outside of the SBFD UL boundaries.
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Appendix – Simulation assumptions
[bookmark: _Hlk101961961]Table 7. LLS simulation assumptions
	Parameter
	Value

	Frequency Range
	FR1

	Antenna Configuration
	1Tx-2Rx

	Carrier Frequency
	4GHz

	SCS
	15kHz

	MCS
	4, 10, 19 and 27

	System BW
	20MHz

	Allocated no. of RBs for UL and DL signals
	DL (Victim): 1RB, 2RBs, 5RBs, 10 RBs, 25RBs, 50RBs 

	
	UL (Aggressor): 25RBs 

	DL to UL power ratio (dB) 
	-6dB, 0dB, 6dB, 18dB

	UL timing advance over DL  
	0 , 1/2 of a symbol, 1/4 of a symbol

	Propagation condition
	TDL-A 

	Delay Spread
	30ns

	UE Velocity
	3km/h

	DMRS
	DM-RS type-1, # of DMRS 1 + 1    

	Channel estimation
	Realistic

	Receiver Type
	MMSE

	PA nonlinearity
	None




Table 8. SLS simulation assumptions
	Parameter
	Deployment Scenario

	
	Urban Macro (UMa) (from 38.913)

	Layout 
	21 cells with wraparound ISD: 500m

	Channel Model
	UMa (38.901)

	UE Distribution 
	80% indoor, 20% outdoor

	UE Mobility
	3 Km/hr

	Carrier frequency
	3.5 GHz

	System bandwidth
	100 MHz

	Subcarrier spacing
	30 kHz

	BS height
	25 m

	UE height
	The UE height for indoor UEs is updated as following based on Table 6-1 in TR 36.873. 1.5m

	Open-loop power control
	Default: P_0 = -92 dBm, alpha=1.0

	BS/UE TX power
	BS: 49dBm, UE: 23dBm

	BS antenna configuration
	Baseline TDD: (M,N,P,Mg,Ng,Mp,Np,dV,dH)=(4, 4, 2, 1, 1, 4, 4, 0.8, 0.5). Shared Tx/Rx antenna array with 32 TxRUs 
SBFD: Separate antenna array for Tx/Rx
Option 1 (same # of antenna elements as TDD): (M,N,P,Mg,Ng,Mp,Np,dV,dH)=(4, 2, 2, 1, 2, 4, 4, 0.8, 0.5). Separate Tx/Rx antenna array – 16 TxRUs for DL, 16 TxRUs for UL. 
Option 2 (# of antenna elements for SBFD is two times that of TDD): 
(M,N,P,Mg,Ng,Mp,Np,dV,dH)=(4, 4, 2, 1, 2, 4, 4, 0.8, 0.5). Separate Tx/Rx antenna array – 16 TxRUs for DL, 16 TxRUs for UL. 


	Slot structure
	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 Alt. 2 - 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.
SBFD Alt. 4 - 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.

SBFD Subband configuration#1 with {DUD} pattern, 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.
All cells use the same SBFD slot configuration

	gNB self-interference
	RSI : 135 dB, 145 dB, 165 dB

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	BS receiver 
	MMSE-IRC

	UE receiver
	MMSE-IRC

	UE antenna configuration
	(M,N,P,Mg,Ng,Mp,Np,dV,dH) = (1, 2, 2, 1, 1, 1, 2, 0.5, 0.5). 4 ports
4 Tx, 2 Rx

	Channel estimation 
	Realistic

	Transmission scheme
	16/32 Tx Type 1 Codebook

	Scheduler 
	SU-MIMO (with PF)

	Target BLER
	10% first transmission BLER

	HARQ/repetition
	3 HARQ retransmission

	Metric
	DL/UL User Perceived Throughput 

	Traffic model
	FTP3 (0.5MB as packet size) for DL/UL
Traffic:  are number of packet arrivals per UE  (each packet is 0.5MB)
DL:UL traffic ratio 1:1 and 2:1 are considered
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