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Introduction
[bookmark: _Hlk510705081]RAN has agreed a new Rel-18 Study Item on Evolution of NR Duplex Operation with the following objectives [1]:
	The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.


In this contribution, we discuss open issues related to subband non-overlapping full duplex (SBFD). The feasibility and performance of SBFD are discussed in Sections 2.1 and 2.2, respectively. Section 2.3 includes system design considerations and our view on the enhancements required to enable optimized SBFD operation, also based on the discussions and agreements from previous RAN1 meetings (see also Annex). Finally, our proposal and observations are summarized in Section 3.  
Discussion
SBFD feasibility
Self-interference is one of the most challenging interference types introduced with SBFD. Solutions to handle gNB self-interference with full duplex are e.g. physical isolation, analog/RF cancellation, and active digital cancellation. Note that active digital cancellation is typically used to suppress self-interference on overlapping frequency resources. Though non-linear digital cancellation techniques may be applied to attenuate self-interference from non-overlapping frequency resources, their complexity can be quite high as compared to the additional interference-suppression gain they can provide, especially for high number of TxRU in FR1. Therefore, next we focus on physical Tx-Rx isolation and analog/RF cancellation as primary techniques to combat gNB self-interference with SBFD.   
Figure 1 shows a simplified example of legacy gNB RF architecture, and possible enhancements to achieve the required self-interference suppression needed for SBFD. With legacy RF architecture (1), the power is limited by circulator isolation and antenna matching. Additional RF cancellation is needed to suppress in-band emissions and relax receiver linearity requirements. However, RF cancellation solutions (2) are currently not commercially viable due to their high cost and complexity. Also, the extra noise from additional RF components may further degrade the uplink performance, even when SBFD is not being used. On top of that, the complexity and cost of RF cancellation solutions do not scale nicely with the number of TRXs. For all these reasons, SBFD operation using shared antenna for Tx and Rx does not appear to be feasible and Tx-Rx isolation from separate DL and UL antenna panels (3) is to be assumed as the baseline for practical implementation of SBFD at the gNB. Even in this case though, scattering/clutter near the antenna can still be a problem in real deployments. Also, use of separate DL and UL antenna panels have significant impacts on the antenna size with inevitable consequences for the gNB volume, weight and power consumption. In other words, for the same antenna size/gNB volume, at least a 3dB array loss may be experienced as compared to the baseline of using the full available array for Tx or Rx. Moreover, the Tx-Rx reciprocity may be somewhat compromised, which can impact the ability to optimize throughput using advanced massive MIMO techniques. More detailed discussions on the feasibility and on the severity of the impacts of SBFD can be found in [2], including numerical examples and qualitative evaluations of the suitability of gNB RF architectures for SBFD operation.
Observation 1: SBFD cannot be operated without changes to the RF architecture and as such SBFD needs new physical implementations and cannot be software upgraded to existing and deployed base stations.
The above observation has been also reflected in the agreements from RAN4 #104-e meeting (Agreement: if found feasible, SBFD operation requires new/enhanced implementation for gNB capable of SBFD and cannot be software upgraded to existing BS), which confirms the significant impact on implementation effort and base station cost required for introducing support of SBFD functionality. 
(1) Legacy
(2) RF cancel path
(3) Dual antennas

[bookmark: _Ref111141541]Figure 1 Example of legacy and enhanced gNB RF architecture for better support of SBFD 
SBFD performance
Simulation results for co-channel FR1 Urban Macro (UMa) and FR1 Indoor Office scenarios have been presented in detail in our companion contribution R1-2301569. For FR1 UMa, attractive UL throughput gains are obtained (mainly at low and medium load and/or limited to the 5% percentile) but only under optimistic assumptions of self-interference and inter-sector isolation (targeting 1 dB of receiver desensitization); while no performance gains are obtained under realistic assumptions of inter-sector isolation. In DL, given the clustered distribution of the UEs in each cell area, we have also observed significant impact of UE-to-UE CLI, especially when a DL UE is placed nearby a coverage-limited UL UE which transmit over a few, e.g. 4, RBs with full 23 dBm UL transmit power. The overall performance is summarized in the following observations:
Observation 2: With clustered UE distribution in UMa Scenario and under the ideal assumption of 154 dB RSI and 154 dB of inter-sector interference ratio, SBFD provide UL throughput gains across the 5%/50%/95%-iles for low load conditions, and in the 5%-ile for medium load conditions. For medium and high load, large performance degradation (25%-67% )of the average UE throughput is observed primarily as a consequence of the inter-site gNB-gNB inter-subband interference.
Observation 3: With clustered UE distribution in UMa Scenario and under the realistic assumption of inter-sector isolation, no UL throughput gains are observed of SBFD as compared to static TDD for any offered load condition.
Observation 4: With clustered UE distribution in UMa Scenario, there is significant degradation of UE DL throughput due to UE-UE CLI even at low load (around 36%-50% degradation on average, and close to 100% in the 5%-ile). This mainly occurs when one or more coverage-limited UEs transmit over a few, e.g. 4, RBs with full 23 dBm UL transmit power which generates large amount of UL leakage interference to other UEs receiving in DL. 
We have also evaluated the SBFD performance under ideal ‘CLI-free’ conditions in order to understand the upper bound of SBFD if the self-interference, UE-to-UE, gNB-to-gNB CLI is handled correctly. The results are summarized in the following observation:
Observation 5: With clustered UE distribution in UMa Scenario and without self- and cross-link interference, SBFD provides a gain of up to 500% in the 5%-ile UE UL throughput and 50-80% in the average UL UE throughput, with less than 10% DL performance degradation compared to TDD. Thus, interference-coordination and CLI-handling techniques are expected to be very beneficial for SBFD.
For the FR1 Indoor Office scenario, the main observation is that no negative effects have been observed from self-interference, gNB-gNB or UE-UE CLI on the SBFD performance, mainly due to the lower UL and DL transmit power compared to the high-power FR1 UMa scenario. Also, the performance gains of SBFD vs static TDD are shown to be very dependent on the traffic model. For large FTP3 payload sizes of e.g. 100kB, SBFD has overall 10% to 20% worse throughput performance than TDD. The main reason for this degradation is the fact that the FTP3 payloads can actually be transmitted faster (i.e. with lower latency) with TDD than with SBFD; whereas, for small payload size of 1 kB, some performance gains are obtained since the transmission of the entire 1 kB payload can fit a single radio slot, thus it is transmitted almost immediately in the case of SBFD, while there is generally some waiting time in the case of TDD UL. The findings are summarized in the following observations:
Observation 6: For FR1 Indoor Office scenario with 100 kB FTP3 payload size and assuming similar ratio of DL resources for SBFD and TDD (XXXXX vs DDDSU), SBFD provides a throughput degradation of around 10-20% in both UL and DL compared to TDD. The reason is that with TDD there are more resource blocks available simultaneously for the same link direction (either UL or DL) which allows to download/upload the 100kB payloads faster than in SBFD.
Observation 7: For FR1 Indoor Office scenario, no UL performance degradation due to self-interference is observed even with relaxed assumption of RSI=100 dB. The reason of this is that the required receiver sensitivity in this local-area scenario is much lower than in wide-area deployments due to higher received power from the UEs.
Observation 8: For FR1 Indoor Office scenario with small 1 kB FTP3 payload size and assuming similar ratio of DL resources for SBFD and TDD (XXXXX vs DDDSU), SBFD provides significant throughput and latency improvement as compared to static TDD, especially in the UL direction. As compared to the case with large 100 kB payload, here the transmission of the entire 1 kB payload can generally fit a single radio slot, thus it is transmitted almost immediately in the case of SBFD, while there is generally some waiting time in the case of TDD UL.
Last but not least, we have evaluated the performance of alternative but much simpler approaches to SBFD, e.g. we have looked at the coverage improvement in FR1 UMa scenario when UE power class 2 with 26 dBm maximum output power is considered. Based on the obtained results, the following observation was made:
Observation 9: For static TDD with low UL duty cycle (e.g. DDDSU), some UEs may have the capability for up to 26 dBm maximum UL transmit power. Comparing SBFD with 23 dBm UL max transmit power vs static TDD DDDSU with 26 dBm max UL transmit power, static TDD performs as good or better in terms of UL average throughput performance, with only 20%-30% lower 5%-ile user UL throughput.
System design considerations & SBFD enhancements
Semi-static SBFD configuration 
During RAN1 #110e-bis and RAN1 #111 meetings, the semi-static configuration of frequency and time location of the UL and DL sub-bands were discussed. In RAN1 #110e-bis meeting, for semi-static configuration of frequency and time location of the UL subband, explicit indication was agreed as a baseline. I.e., the gNB explicitly configures the frequency and the time locations of the UL subband (within a period) to the UE. Additionally, the following options were discussed: 
	Agreement
For SBFD operation Alt 4, for an SBFD aware UE configured with an UL subband in an SBFD symbol, study the following options:
· Option 1: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband or to be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 2: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband and may be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 3: The SBFD aware UE does not expect to be scheduled with DL reception within the UL subband and may be scheduled with UL transmission outside the UL subband in the SBFD symbol
· Option 4: The SBFD aware UE may be scheduled with UL transmission outside the UL subband or DL reception within the UL subband in the SBFD symbol



In RAN1 #111 [4], the semi-static configuration of SBFD symbols configured as DL or flexible were discussed. 
UE semi-statically configured with UL subband in a SBFD symbol configured as DL
For SBFD symbols configured as DL, the following agreement was reached:
	Agreement
For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol



In the agreement above, the UE behavior regarding transmissions within the UL subband and receptions within the DL subband are well defined. Furthermore, the frequency location of DL subband(s) can be explicitly indicated or implicitly derived. However, the agreement does not cover whether the guardbands are signalled to the UE, nor whether the DL receptions outside the DL subband(s) are allowed in the symbol. This would be the case, for example, of allowing DL reception within the guardband, if defined.
[bookmark: _Hlk126928785]Observation 10: It has been agreed that the frequency location of the DL subband(s) can be explicitly indicated or implicitly derived, while the explicit indication of frequency location of UL subband is required. There is no agreement on the indication of guardbands yet.
As discussed in our contribution to RAN1 #111, to mitigate the self-interference problem at the gNB, a guardband between UL and DL may need to be assumed in most of the cases. There are different options for the indication of the guardband: a fixed guardband, configured semi-statically by explicit indication or by implicit derivation, or a flexible guardband which can be determined through scheduling for example.
Fixed guardband(s) can be either signalled by the gNB or implicitly determined by the UE, based on the frequency location of DL and UL subband(s). Given the agreement in the past RAN1 meeting, which does not preclude implicit derivation of the DL subband(s), we think that out of the frequency locations of UL subband, DL subband(s) and guardband(s), at least two of these need to be explicitly indicated (e.g. the frequency location of the UL subband and of the guardband(s)), while the third can be implicitly determined (e.g. the frequency location of the DL subband(s)). 
Furthermore, given that it has not been agreed yet whether SBFD configuration will be semi-static or if dynamic configuration will also be possible, our view is that the guard-band could be configurable. The guard-band indication at the gNB could be completely configurable, allowing any values within a range, including 0 PRBs, in which case the minimum guardband can be determined by proper scheduling by the gNB. 
Proposal 1: Explicit indication of the semi-static frequency location of at least one of the DL subband(s) and the guardband(s) is required. The one that is not explicitly signalled can be implicitly determined.
UE semi-statically configured with UL subband in a SBFD symbol configured as flexible
In RAN1 #111 the following was agreed for UEs configured with UL subband in SBFD symbol configured as flexible:
	Agreement
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study the following options for SBFD aware UEs,
Option 1: 
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· [bookmark: OLE_LINK1]Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
· FFS: Whether DL receptions outside DL subband(s) are allowed or not in the symbol
Option 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol for both options. For all RBs outside the UL subband, UE cannot use separate RBs for DL and UL simultaneously




The first option is similar to the agreement reached for SBFD operation in symbols configured as DL. UL transmissions are allowed only within the UL subband, and the DL subband(s) frequency locations are known to the SBFD aware UE. There is still an FFS on whether DL receptions outside DL subband(s) are allowed or not in the symbol. The second option, on the other hand, increases the SBFD operation flexibility by allowing all RBs outside of the UL subband to also be used for UL. The behavior in SBFD symbols outside the UL subband in Option 2 is similar to the behavior in legacy Flexible symbols. 
Symbols configured as flexible can be used for DL or UL since Rel-15, and in this perspective, we think this should still be possible for SBFD operation in flexible symbols. Furthermore, the gNB can schedule legacy UEs in these symbols, and their behaviour should not be changed.  In option 1, UL transmissions are not allowed outside the UL subband, i.e. it wouldn’t be possible to configure a flexible symbol with UL subband as full UL. Option 2 covers the behaviour outside the UL subband (which can be used either for DL with guardbands or UL). Additionally, Option 1 mentions that the symbol can be converted to a DL-only symbol, which we think should also be allowed, so that the gNB can adapt the frame structure according to the traffic conditions. Therefore Option 2 with update is our preferred option. 
Observation 11: Symbols configured as flexible can be used for DL or UL since Rel-15.
Proposal 2: For a SBFD aware UE semi-statically configured in a SBFD symbol in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study,
· UL transmissions within UL subband are allowed in the symbol
· DL receptions within DL subband(s) are allowed in the symbol 
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The RBs outside the UL subband are used with the same transmission direction, either UL or DL (excluding guardband(s) if different link directions are used in the symbol) 
· The symbol can be converted to a DL-only symbol
Enhancements to the current frame structure signalling
Next, we discuss the required enhancements to the current frame structure signaling. First, the signaling should guarantee backwards compatibility for legacy UEs, considering that the legacy UE may not be able to operate if the broadcast TDD configuration tdd-UL-DL-ConfigurationCommon included flexible symbols. To ensure legacy UE operation, the legacy time domain TDD UL/DL pattern e.g. DDDSU can be indicated by the gNB via tdd-UL-DL-ConfigurationCommon. For SBFD aware UEs, the gNB shall indicate the frequency and time location of the UL subband via either SIB or using dedicated RRC configuration. 
As the configuration of the UL subband is cell specific, and as we support initial access in SBFD symbols (Section 2.3.3),  we think that signaling the frequency and time location of the UL subband via SIB should be assumed as baseline. Therefore, signaling via dedicated RRC can be considered as an additional (not alternative) option
Proposal 3: Signaling of the frequency and time location of the UL subband via SIB is assumed as baseline. Signaling via dedicated RRC can be considered as an additional (not alternative) option. 
When configuring the UL subband, the gNB indicates a set of UL resources (time and frequency domain) that converts a set of DL or flexible symbols in tdd-UL-DL-ConfigurationCommon in SBFD symbols by including a set of resource elements (REs, PRBs, etc.) that can be used for UL transmission, i.e. it creates a SBFD UL subband on DL (and flexible) symbols within the carrier/BWP. There are different options how this could be achieved, e.g.: 
· a RE/symbol square consisting of two [symbol, PRB] tuples indicating respectively the starting and ending point (in both time and frequency domain) of the UL subband. 
· a starting PRB and a starting symbol, together with a number of PRBs in frequency domain, and a number of symbols in time domain
· the frequency/time square can be indicated in a similar way the PUSCH resource allocation is provided; a Resource Indicator Value (RIV) provides jointly a starting PRB and a number of PRBs within the active BWP or within the common RB (CRB) grid, and a corresponding Start and Length Indicator Value (SLIV) indicates the subband configuration in time domain
· a starting symbol and a frequency offset relative to the frequency allocated to CORESET0, and a number of PRBs in frequency domain and number of symbols in time domain. The frequency offset can be negative or positive relative to CORESET0. 
In the last RAN1 meeting, it has been agreed that for the purpose of this study, the understanding is that for semi-static configuration of subband frequency location, the frequency location of DL or UL subband is with reference to the common resource block (CRB) grid. This alternative allows the configuration of the UL/DL subbands in any part of the BWP, i.e., it allows for a large configurable range. However, in our view, not all PRBs are suitable for the configuration of UL subbands, such as the frequencies used for the allocation of the SSB or the CORESET0 (if allowed in SBFD symbols) and shouldn’t be considered for the allocation of the UL subband. This is the situation illustrated in Figure 2 below, in which SSBs are sent in the lower DL subband.. Therefore, using the CRB as a reference for the UL subband could cause waste in the number of indicated bit resources compared to using a different reference, such as the PRBs used for the transmission of SSB or CORESET0, and an offset to configure the UL subband..
Observation 12: Not all PRBs are suitable for the configuration of the UL subband, for example, those configured for SSB or CORESET0 transmission (if allowed in SBFD symbols). Using the frequency allocated to the transmission of the SSB or CORESET0 as reference, and an offset for the configuration of the UL subband, can reduce the configurable range and number of bits used to indicate the UL subband to the UE. 
[image: ]
Figure 2: SSB configuration in DL subband of SBFD symbol.
Proposal 4: The frequency allocated to SSB or CORESET0 is used as reference for the configuration of the UL subband. 
SBFD operation in SSB symbols was discussed in RAN1 #110bis-e and RAN1 #111 meetings, though no agreement was reached. In our view, there are some drawbacks of allowing SBFD operation in SSB symbols. SSBs are used for serving cell and neighbor cells measurements and are usually power boosted. In case SSBs are transmitted in SBFD symbols, this may end up in increasing the gNB self-interference, while the UL transmissions by aggressor UEs could degrade the SSB based measurements performed by victim UEs due to UE-to-UE CLI. Furthermore, there are scheduling restrictions for UL transmissions during SSB symbols to be measured, so if SBFD operation in SSB symbols is allowed, new collision rules need to be defined. We also discuss later in this document the different UL/DL collision handling in SBFD slots.
Proposal 5: SBFD operation in SSB symbols is not allowed. 
Besides SSB symbols, SBFD operation may impact the detection of other common signals such as Type 0 PDCCH CSS, TRS, etc. Therefore, RAN1 should agree that it is at least possible to operate without SBFD UL subband in some symbols (e.g. SSB symbols), i.e. it is possible to operate SBFD with DL-only symbols.
Proposal 6: SBFD operation with the possibility to configure the SBFD UL subband only in a subset of the legacy DL (or flexible) symbols is agreed as the baseline.
RB-set based and BWP based schemes
Also related to SBFD configuration, two main options have been discussed in the last meetings for the configuration of the time and frequency location of the UL/DL subbands to SBFD aware UEs: RB-set based and BWP based schemes.
· RB-set based: the gNB explicitly configures the time and frequency resource set within a carrier. The UE may observe DL and UL resources in a same symbol within a BWP. 
· BWP based: This scheme relies on the Rel-15 NR BWP framework to ensure that the UE active UL and DL BWP is always aligned with the UL and/or DL subband within a slot or symbol so that the UE can only observe one direction (either UL or DL) per symbol within a BWP.
The RB-set based scheme does not require specific enhancements to the Rel-15 BWP framework. The frequency resources reserved for DL (or UL) can be modified from symbol to symbol and/or from slot to slot. There is no need for the UE to adapt its DL and/or UL BWP to the time-varying frequency resources. Essentially, the UE’s active BWP may include PRBs that are used by the serving cell for the opposite link direction (e.g., UL BWP may include PRBs where the gNB is transmitting in DL, and vice versa, DL BWP may include PRBs where the gNB is receiving in UL). 
With the BWP based scheme, the cell/carrier can be seen as being divided into multiple subbands, each subband having its own TDD frame structure. The UE can be configured with one or more BWP pairs, each BWP pair overlapping with (or at least contained within) one of the subbands. This scheme also works with UEs supporting single configured DL and UL BWP pair with aligned center frequencies, which is the baseline assumption from RAN1 #110bis-e meeting. We think this option as the basic BWP based scheme. The basic BWP based scheme is schematically illustrated in Figure 2. 
[image: ]
[bookmark: _Ref113434263]Figure 3 Baseline BWP based scheme
With the basic BWP-based scheme, a UE can work properly without new UE behavior to e.g. resolve the collision between UL/DL signal in SBFD symbols. Also, adaptation of (semi-statically) allocated resources based on the slot/symbol type is not needed, as the UE can be configured with different set of resources (PUCCH, CG-PUSCH, SS, CORESET, CSI-RS, etc.) per BWP, and can rely on BWP switching or BWP reconfiguration for determining which set resources should be used in a specific slot/symbol. 
The main drawbacks of the basic BWP based scheme are the reduced UE bandwidth, which can result in a significant reduction of the available peak data rate in both UL and DL, and the potential increase in signaling overhead, as the cell may need to provide at least one SSB per subband to ensure proper UE operation. 
Observation 13: The basic BWP based scheme is rather straightforward but has severe UE peak rate and signaling overhead issue.
Some companies (see e.g. [5]) have also proposed a BWP based scheme where the UE can (more or less) dynamically adapt its active DL and UL BWP to the portion of the cell spectrum which is allocated for DL transmission and UL reception, respectively, in each slot/symbol. We refer to this option as advanced BWP based scheme (Figure 3). First, such advanced BWP based scheme requires more than one configured DL and UL BWP pair with unaligned center frequencies in cases with asymmetric UL-DL frequency partitioning such as D-U and U-D frequency domain configurations. This is not in line with the baseline assumptions agreed in RAN1 #110bis-e meeting. Besides that, one of the main challenges of such advanced BWP based scheme is that it requires very fast BWP switching delay. In practice, the UE shall be able to switch BWP nearly instantaneously from one symbol/slot to the next symbol/slot, e.g. in the transition from a SBFD slot to a TDD slot, and vice versa.  
Observation 14: For the advanced BWP based scheme, there should be no additional gap due to BWP switch in the transition from SBFD slots to TDD slots, and vice versa.
Note that, based on current specifications, the BWP switch delay (in FR1) is between 0.75 ms and 3 ms, depending on the SCS and the UE capability. Within the BWP switch delay, the UE: (1) is not required to transmit UL signals or receive DL signals on the serving cell, and (2) may be allowed to cause interruptions of up to X slots on other active cells (X is between 0.5 ms and 1 ms depending on the SCS). More details can be found in TS 38.133, sections 8.6.2 and 8.2.2.2.5. 
Note that one of the main advantages of matching the UE DL/UL BWP to the portion of the cell spectrum allocated for DL transmission/UL reception in each slot/symbol is that the UE may adjust its digital filter bandwidth to the active BWP, with consequent benefits in terms of reduced inter-subband UE-2-UE cross link interference. In case the UE has this capability, it may also be assumed the UE can adapt its digital filter bandwidth to match the UL/DL subband with the RB-set based scheme, if the UE is aware of the UL/DL frequency partitioning in SBFD symbols. Therefore, the ability to better suppress inter-subband UE-2-UE CLI is more related to the UE capability of dynamically and rapidly adapting its digital filter bandwidth to the time varying UL/DL subband, and not much to whether the RB-set based or the advanced BWP based scheme is assumed. 
[image: ]
[bookmark: _Ref113434569]Figure 4 Advanced BWP based scheme
Observation 15: In terms of digital filter bandwidth adaptation at the UE, there is substantially no difference between the RB-set based and the advanced BWP based approach. 
It should also be noted that in current NR specifications the in-band emission requirements are not depending on the BWP configuration. Many legacy devices do not adapt their digital filter’s bandwidth to the active BWP. Unless new in-band requirements are specified for SBFD aware UEs, we do not think that better UL transmission and DL reception filtering is in practice an advantage of any of the proposed schemes, though it may be easier to implement for the basic BWP based scheme.  
Observation 16: Unless new in-band emission requirements are specified, better UL transmission and DL reception filtering should not be considered as an advantage of any of the proposed schemes.
In Table 1 below we summarize the pros/cons and specification impacts of the different options. 
[bookmark: _Ref112676041]Table 1 Pros and cons of RB-set based and BWP based SBFD schemes
	
	RB-set based
	Basic BWP based
	Advanced BWP based

	Peak data rate
	High
	Low
(Limited by subband size)
	High

	Signaling overhead
	Low
	High
(at least one SSB per subband)
	Low

	Spec modifications for UL/DL Collision Handling in SBFD slots/symbols
	Yes 
(One slot/symbol can have both UL and DL resources)
	No 
(Only UL/DL resources in a slot/symbol)
	Yes 
(One slot/symbol can have both UL and DL resources)

	Spec modifications for adaptation of (semi-statically) allocated resources to available UL/DL resources in SBFD slots/symbols
	Yes
(May only be needed in case of dynamic indication of subband location in time domain)
	No
	No

	Spec modifications to BWP framework
	No
	Minor
(Specify how to determine the TDD frame structure per BWP pair, BWP consisting of two non-adjacent RB sets, etc.)
	Yes
(E.g. support semi-static BWP switching, configuration of BWP pair with unaligned center frequencies for UL and DL BWP, BWP consisting of two non-adjacent RB sets, new BWP switch requirements, etc.)

	Support dynamic indication of subband location in time domain (with or w/o adaptation of UE digital filter BW to UL/DL subband, depending on UE capability)
	Yes

	Yes
	No
(Depend on the feasibility of optimized BWP switching delay with dynamic indication of subband location in time domain)

	Adaptation of UE digital filter BW to UL/DL subband
	Possible 
(May depend on UE capability and may only be possible for semi-static SBFD configuration in frequency and time domain) 
	Possible 
	Possible
(May depend on UE capability and may only be possible for semi-static SBFD configuration in frequency and time domain)


Based on the above analysis and on the summary in Table 1, we conclude that:
· The basic BWP based scheme is the most straightforward from standard specification perspective but may have significant limitations in terms of UE peak data rate and signaling overhead (one SSB per subband). The basic BWP based scheme does not require support of DL and UL BWP pair with unaligned center frequencies, though some enhancements to BWP framework may be needed to e.g. configure a (DL) BWP consisting of at least two non-adjacent RB sets (e.g. for D-U-D SBFD configuration).
· Both the advanced BWP based and the RB-set based schemes have some standardization impact. Both schemes require specification of new UE behavior for handling UL/DL collision in SBFD slots. The advanced BWP-based scheme also requires enhancements/modifications to the Rel-15 BWP framework to enable e.g.: (1) semi-static BWP switching between two BWP pairs; (2) configuration of a BWP pair with unaligned center frequencies for UL and DL BWP (needed to support “non-symmetric” SBFD configurations, i.e. D-U and U-D); (3) configuration of a (DL) BWP consisting of at least two non-adjacent RB sets. The BWP-based scheme may also require specification of new BWP switching (delay and gaps) requirements.
· The RB-set based scheme may require additional standardization work to determine the validity of semi-statically allocated resources (and/or their adaptation to the available UL/DL frequency resources) in SBFD slots/symbols, at least if dynamic indication of subband location in time domain is supported.
· All options may support reduced UE-2-UE inter-subband CLI depending on the UE capability to adapt its digital filter BW to the UL/DL subband or BWP. 
Based on the observations and summary above, we propose: 
Proposal 7: Assume RB-set based scheme as the baseline. With the RB-set based scheme, a UE’s active BWP may include PRBs that are used by the serving cell for the opposite link direction. 
It should be noted that even assuming RB-set based SBFD configuration, it should still be possible to configure a UE with a BWP confined within a set of PRBs where the UE may only see one link direction per symbol within the BWP. In other words, operation according to the basic BWP based scheme is not precluded by RB set based signaling.  
Observation 17: Operation according to the basic BWP based scheme is not precluded by RB-set based signaling.
Dynamic SBFD configuration
On top of the semi-static configuration, our view is that dynamic configuration of the SBFD symbols in time domain should also be possible. As shown in the first part of this document, SBFD operation degrades the DL throughput, due to the partial allocation of DL resources to UL. If dynamic SBFD configuration in time is not possible, there is a risk that the network won’t be able to adapt to varying traffic and load conditions. 
For example, the network may configure many slots/symbols as SBFD to increase the UL coverage/capacity gain in presence of UL traffic. However, in temporary absence of UL traffic, the gNB should be allowed to maximize DL capacity by being able to schedule DL transmission to SBFD aware UEs also in the UL subband during semi-statically configured SBFD slots/symbols. Additionally, legacy UEs are not aware of the existence of an UL subband, and could be scheduled by the gNB with DL in the UL subband.
Observation 18: SBFD operation in symbols configured as DL improves the UL performance at the cost of DL performance. Dynamic adaptation of the frame structure, for example, by converting SBFD symbols to DL-only, is beneficial, since it allows adaptation to the current traffic conditions. 
In the agreements from last meeting, the semi-static configuration of SBFD were discussed in symbols configured as DL or flexible in TDD-UL-DL-ConfigCommon. It has not been agreed though whether SBFD operation in symbols semi-statically configured as DL or flexible could be converted to a DL-only symbol, or whether DL transmissions would be allowed in UL subbands. These options were discussed in RAN1 #110e-bis meeting.
The agreement for the SBFD operation in symbols configured as DL do not preclude DL receptions outside the DL bandwidth. The options discussed for SBFD operation in symbols configured as flexible, on the other hand, consider two alternatives. In option 1, there is an FFS: whether DL receptions outside DL subband(s) are allowed or not in the symbol and Option 2, the FFS: Whether or not the symbol can be converted to a DL-only symbol.
We think that operation according to at least one of the above FFS’s should be allowed as it enables dynamic adaptation to varying traffic and load conditions. 
Proposal 8: For a SBFD aware UE semi-statically configured with UL subband in a symbol configured as DL in TDD-UL-DL-ConfigCommon, at least one of the following options are assumed as the baseline: 
· DL receptions within the UL subband are allowed in the symbol
· the symbol can be converted to a DL-only symbol
Additionally, and with the same motivation of enabling dynamic adaptation to varying traffic and load conditions, we also think it should be possible for the network to dynamically configure the UL subband in a symbol configured as DL (or flexible) in tdd-UL-DL-ConfigurationCommon. 
Proposal 9: For a SBFD aware UE in a symbol semi-statically configured as DL or Flexible in tdd-UL-DL-ConfigurationCommon, study mechanisms enabling dynamic configuration of the SBFD UL subband in the symbol. 
Based on the above proposals, the frame structure signaling framework consequently needs to be enhanced to support dynamic subband location in time domain, e.g. by providing a mechanism for dynamic adjustment of the sub-band configuration in line with traffic demands and using lower-layer signaling. For example, it could be possible to signal the frequency domain location of the UL subband via higher layer signaling, while the time domain information of the UL subband is provided with lower layer indication such as enhanced SFI. However, before RAN1 can further progress on the signaling framework, it must first reach consensus on the support for dynamic subband location in time (and/or frequency) domain. 
Initial Access
Support of initial access in UL subband has been discussed in RAN1 since the beginning of the SI. No agreement has been reached so far, despite most of the companies are in favor of studying potential benefits and enhancements for initial access in UL subband. Enabling PRACH transmission in SBFD symbols can increase PRACH capacity as well as reduce initial access delay. Moreover, PRACH coverage can also be enhanced as compared to only allowing PRACH transmissions in UL slots, e.g. by enabling PRACH transmissions spanning over more than one UL slot. 
Observation 19: Enabling initial access in SBFD symbols can increase the PRACH capacity, PRACH coverage, as well as reduce initial access delay.
ROs could be configured using existing RACH configuration during legacy DL slots (i.e. slots configured as DL in tdd-UL-DL-ConfigurationCommon). Legacy UEs may consider the ROs colliding with DL symbols as invalid, while SBFD aware UEs may consider the ROs colliding with DL symbols as valid. Signaling the subband UL location in frequency and time domain to IDLE mode UEs (e.g. in SIB1, as by proposal 2) may facilitate the UE in determining the validity of ROs configured during SBFD symbols. On the other hand, having a single RACH configuration for legacy UL and SBFD symbols may create backward compatibility issue (legacy UEs do not expect ROs to be configured on symbols signaled as DL in tdd-UL-DL-ConfigurationCommon) and reduce the resource allocation flexibility.   
A better approach would be to have different RACH configuration parameters for legacy UL and SBFD symbols/slots. This can be done, for example, by means of signaling a new SBFD RACH configuration via SIB1 message to be used by SBFD aware UEs to perform random access in SBFD slots/symbols. The UE may implicitly assume that the new SBFD RACH configuration applies to ROs colliding with SBFD symbols, or an explicit indication on the valid ROs can be included in the new SBFD RACH configuration. Details are FFS. 
To handle cross link interference in SBFD symbols, the network could configure different criteria to consider a RO as invalid in SBFD slots unless certain conditions are met (by means of configuration of maximum transmit power, minimum coupling loss, priority rules, etc.). This can be done by defining new corresponding parameter(s) in the new SBFD RACH configuration.
Proposal 10: Study support of initial access on SBFD symbols by e.g. introducing a new SBFD RACH configuration enabling at least Msg1/MsgA transmissions during SBFD symbols. 
Besides Msg1 and MsgA, other initial access transmissions (e.g. Msg2/3/4, MsgB, etc.) should also be possible in SBFD symbols. While initial access DL transmissions in SBFD symbols are in principle possible based on legacy UE behavior, some enhancements may be required to enable other initial access UL transmissions, as well to optimize the resource efficiency of initial access DL transmissions in SBFD symbols. For example, some of the resource allocation enhancements discussed for RRC connected mode in Section 2.3.4 may also be applicable during initial access procedure. 
Proposal 11: Study requirements for supporting initial access transmissions other than Msg1/MsgA in SBFD symbols. 
Resource allocation enhancements
The following was agreed regarding frequency domain resource allocation in the past RAN1 meetings:
	Agreements in RAN1 #110b
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.

Agreements in RAN1 #111
Agreement
Study the impact and benefits of potential enhancements to resource allocation in frequency-domain for SBFD operation, considering unaligned boundaries between resource block group(s)/reporting subband(s) and SBFD subbands, including at least the following:
· RBG for PDSCH RA type 0
· CSI reporting configuration
· CSI-RS resource configuration
· PRG of PDSCH




. We think that support of SBFD introduces two main challenges from frequency domain resource allocation perspective:
1. During SBFD slots/symbols and in case the UL subband is located at the middle part of the carrier, there may be inefficiencies in the currently supported FDRA to support allocation of frequency resources in two non-adjacent DL subbands. This may require enhancements. 
2. The frequency domain resources for DL/UL transmission in SBFD slots/symbols may be different as compared to non-SBFD symbols. For transmission whose FDRA is applicable in more than one slot (e.g. semi-statically configured resource allocations, multi-slot transmissions potentially including repetitions and/or frequency hopping, etc.), enhancements may be required to ensure that the allocated frequency resources do not overlap with a subband which is configured for the opposite link direction during SBFD slots/symbols. 
Enhancements addressing each of the above-described problems are discussed in sections 2.3.4.1 and 2.3.4.2, respectively.  
[bookmark: _Ref118205572]Unaligned boundaries of DL/UL subband and FDRA configuration granularity
PDSCH
NR supports two types of Frequency Domain Resource Allocation (FDRA): 
· Type 0 FDRA assumes RBG (Resource Block Group) based resource allocation. The BWP is divided into RBGs and the UE can be allocated one or multiple (contiguous or non-contiguous) RBGs. The first and the last RBG in a BWP may be with size less than the nominal RBG size P, while other RBG in the BWP will be with size P. The nominal RBG size P can be up to 16 PRBs, depending on the BWP size. The RBG size P is given by Table 5.1.2.2.1-1 in TS 38.214, copied below: 
Nominal RBG size P
	Bandwidth Part Size
	Configuration 1
	Configuration 2

	1 – 36
	2
	4

	37 – 72
	4
	8

	73 – 144
	8
	16

	145 – 275
	16
	16



· Type 1 FDRA, the UE is allocated over a set of contiguous non-interleaved or interleaved virtual RBs within the UE BWP. A type 1 RA field consists of  a RIV (Resource Indication Value) indicating the starting virtual RB and the number of contiguous RBs allocated to UE.
PDSCH type 0 RA enhancements: 
Type 0 FDRA is already quite flexible and can be used to schedule PDSCH across two non-contiguous DL subbands. Though, some inefficiencies may exist in case a RBG overlaps with both DL and UL subband or guard band in SBFD slots, we refer to this problem as the resource fragmentation problem. The severity of this problem depends on the required frequency granularity of the UL subband with respect to the size of the RBG, and could result in up to 2 RBGs not being used in case of overlap of the RBGs with the UL subband. 
In the last meeting, some companies proposed solutions based on the partial RBG allocation at the subband boundaries, in our view, if enhancements are needed to resolve the resource fragmentation problem, this alternative could be further investigated. 
Proposal 12: Study the severity of PDSCH resource fragmentation problem for Type 0 FDRA, considering remaining issues when rate matching solutions already supported in current specifications are applied and/or extended. 
Proposal 13: In case a solution is needed, consider extension of existing rate matching solution enabling partial RBG at BWP boundaries for Type 0 RA at subband boundary based on the knowledge of UL subband location 
PDSCH type 1 RA enhancements: 
Clearly, FDRA Type 1 cannot be used for frequency resource allocation in two non-contiguous DL subbands. Therefore it also suffers from resource fragmentation in a DUD configuration. Study of RA type 1 enhancements were not agreed in the last meeting, though different enhancements were discussed among companies[4]:
1) Enhanced VRB-to-PRB mapping: for interleaved RA, this would include for example reordering the VRBs/PRBs in SBFD slots in such a manner that only the available PRBs in the DL are considered. This new mapping would support FDRA in two non-contiguous DL subbands, but the definition of VRB and PRB would need to be revisited. 
2) Rate matching around UL subband or puncturing the PRB/symbols within the UL subband: in this option, for non-interleaved RA, when there is an overlap of the allocated PDSCH with the active UL subband, the UE would perform rate match around an active UL subband.
3) Two separate frequency domain resource allocations for PDSCH if there are two DL subbands. This option would require reinterpreting the FDRA field in DCI and RRC, requiring two RIVs.
In our view, it should be possible to allocate resources in both DL sub bands in a DUD configuration, with only 1 RIV. One option is to perform rate matching around the UL subband and guard-band(s). The other option is that the UE reinterprets the allocation by determining the available PRBs in the active BWP, and determines the virtual resource blocks  based on PRBs not overlapping with the UL subband and guardbands. 
Proposal 14: For Type 1 FDRA with SBFD, RAN1 should consider rate matching and VRB-to-PRB mapping.
CSI-RS
CSI-RS configuration only supports Type 0 FDRA. Therefore, CSI-RS has similar frequency resource fragmentation problem as described for PDSCH in the previous section, especially in a DUD configuration. There are two alternatives being discussed for the CSI-RS resource allocation: contiguous or non-contiguous. Enhancements are needed to support non-contiguous allocation. Contiguous allocation is already supported in the specification, but in case of a DUD SBFD configuration would require that two different resources are configured, one in each sub-band.
In the moderator summary from RAN1 #111, it was also noted that there are some limits to the configuration of CSI-RS resources, such as the minimum bandwidth supported in the specification, which is currently 24 PRBs. Additionally, different options were discussed considering contiguous and non-contiguous allocation, but no agreement was reached:  
	Proposal 1-11a ​
Proposed Agreement:​
For CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subband, consider the following options:​
· Option 1: Two contiguous CSI-RS resources link to one CSI report​
· Option 2 : Non-contiguous CSI-RS resource​
· Option 2-1 : Non-contiguous CSI-RS resource allocation​
· Option 2-2: Contiguous CSI-RS resource allocation and non-contiguous CSI-RS resource derived by excluding frequency resources of UL subband and guardband(s)​
· FFS : Details of CSI determination and reporting based on the non-contiguous CSI-RS resource.​
· Option 3: Contiguous CSI-RS resource configuration with overlapping resources with UL subband and guardband(s)​
· Option 3-1: UE skips a CSI measurement and report for a CSI reporting configuration if any CSI-RS resource collides with UL subband or guardband ​
· Option 3-2: UE skips the subband CSI reporting to a CSI subband colliding with UL subband and guardband(s)​
· Option 3-3: CSI reporting setting configures that the CSI is not reported for CSI subband(s) colliding with UL subband and guardband(s)​
· FFS applicability for TRS



 
When analyzing the different options discussed in the last meeting, it is important to consider different aspects such as whether the existing specification supports the concept and the signaling overhead.
In our view, configuring two CSI-RS (one per DL subband), is the simplest alternative since it is already supported by the specification. However, it increases the signaling overhead (for both the configuration and measurement report). Option 1 discussed in the last meeting would reduce the signaling overhead by allowing different CSI-RS resources to be linked to one CSI report. On the other hand, this option may have impacts on the number of additional CSI-RS the UE can be configured with, as there is maximum number of CSI-RS configurations the UE can support. Option 3 on the other hand, considers contiguous CSI-RS resource, but the UE skips the report for the subbands that overlap with the UL subband. In this case, if the CSI report is not configured per subband, the UE would skip the entire measurement and report in case of overlap.  
If configuring two CSI-RS resources (one per DL subband) is not sufficient, our view is that configuring a contiguous CSI-RS resource over the entire bandwidth is possible. Rate matching around UL subband and guardband can be assumed, as also proposed for Type 1 FDRA. Essentially, CSI-RS resources are configured over the entire bandwidth, but the UE can assume CSI-RS is not transmitted on Res that are overlapping with UL subband and guardband in a SBFD slots/symbols, and report the CSI-RS based on the Res in the DL subband. In our view, this understanding is captured in Option 2-2. 
Proposal 15:  For CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subband, rate matching around UL subband and guardband is assumed. Essentially, CSI-RS resources are configured over the entire bandwidth, but the UE can assume CSI-RS is not transmitted on REs that are overlapping with UL subband and guardband in a SBFD slots/symbols.
CORESET and PDDCH
The CORESET allocation considers Resource Element Groups (REGs) that are grouped in REG bundles within a Control Channel Element (CCE). The number of CCEs to be allocated for PDCCH depend on the aggregation level. In SBFD symbols, some of the frequency resources that should be allocated to different REGs might be unavailable for transmission if they overlap with the UL subband. We refer to this problem as unaligned boundary between CORESET and DL subband. Obviously, the REG or CCE that overlaps with a resource within the UL subband cannot be used for PDCCH. Therefore, any PDCCH mapping on these REGs/CCEs may cause PDCCH error. This situation is illustrated in Figure 5 below.

 
[image: ]
Figure 5 unaligned boundary of DL/UL subband and REG/CCE
Observation 20: When unaligned boundary of CORESET and DL subband, there will be unavailable REG or CCE for PDCCH in the CORESET and PDCCH on these REG/CCE may be not be received correctly.

Proposal 16: Study the impact and benefits of potential enhancements to resource allocation in frequency-domain for SBFD operation, considering unaligned boundaries between REG/CCE and SBFD subbands.

[bookmark: _Ref118205577]Enhancements for scheduled/configured UL transmissions and DL receptions
	Agreement
Study impact and potential enhancements for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, including at least the following:
· PDCCH, scheduled/configured PUCCH/PUSCH/PDSCH, without repetition in SBFD symbols and non-SBFD symbols
· Scheduled/configured SRS/CSI-RS in SBFD symbols and non-SBFD symbols
· [bookmark: _Hlk127539558]Scheduled/configured TBoMS across SBFD symbols and non-SBFD symbols with or without repetition
· Multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols
· Scheduled/configured PDSCH/PUSCH/PUCCH with repetitions across SBFD symbols and non-SBFD symbols
Note: Inter-slot/intra-slot/inter-repetition/inter-group frequency hopping with DMRS bundling of PUSCH/PUCCH, if applicable, is considered.
Examples of potential enhancements include:
· Resource allocation in frequency domain including frequency hopping
· Resource allocation in time domain
· Power domain
· Spatial domain 
FFS: If the PUCCH/PUSCH/PDSCH/PDCCH can be mapped to SBFD and non-SBFD in the same slot if configured.



CG-PUSCH and DL SPS
A configured grant (CG)-PUSCH configuration can grant the UE with periodic resources for UL PUSCH transmissions. Two types of CG-PUSCH configurations are specified in NR: Type-1 CG and Type-2 CG. For both Type-1 and Type-2 CG, the CG-PUSCH allocation periodicity is configured via RRC. The resource allocation parameters (MCS, FD resource allocation, TD resource allocation) are provided via an ‘activation DCI’ for Type-2 CG, and via RRC signaling for Type-1 CG. In case of Type-2 CG, the resource allocation parameters apply for each of the subsequent periodic UL PUSCH transmissions following the ‘activation DCI’. The radio parameters can be adjusted by the gNB at any time by re-issuing a new DCI (a.k.a. ‘reactivation DCI’).
With SBFD, there is the problem of i) different resource availability in UL-only slots vs. SBFD slots with, as well as ii) potentially different SINR conditions in UL-only vs. SBFD due to the presence of new SBFD interference types, e.g. self-interference and inter-subband interference. To address this problem, one option is to introduce SBFD-specific CG-PUSCH configurations where, for each CG occasion, one or another set of radio parameters (FD resource allocation, TD resource allocation, MCS, etc.) is used depending on the corresponding slot format (e.g. UL-only or SBFD). This can be achieved by having e.g. two or more independently configured CG configurations (ConfiguredGrantConfig), where each of them is associated to one slot type.
A similar approach may also be applied for DL SPS PDSCH.
Proposal 17: For CG-PUSCH and DL SPS, introduce SBFD-specific configurations where one set of radio parameters is used depending on the corresponding slot format. 
PDSCH/PUSCH
While considering transmissions lasting for more than one slot, e.g. repetition or slot aggregation, the same transmission may be scheduled or granted to be transmitted on both SBFD slot and non-SBFD slot. How the PDSCH/PUSCH is mapped on different type of slots based on the same DCI or grant, should be studied. As mentioned in the above agreement, there are several scenarios such that a transmission may span across the two slot types, especially for UL transmission enhancement. Indeed, any transmission in SBFD slots may suffer from performance degradation due to CLI, which impacts strongly its coverage in these slots. This issue is more relevant for UL than DL given the limited transmit power at UE side. Existing techniques for UL coverage enhancements can be applied for improving coverage of the transmissions in SBFD slot, namely PUSCH/PUCCH repetitions, TB processing over multiple slots (TBoMS) etc. This may lead to the case when some PUSCH/PUCCH repetitions are on SBFD slots and some other PUSCH/PUCCH repetitions are on non-SBFD slots, or a single TBoMS can span across SBFD and non-SBFD slots. Given that the potential performance degradation may happen only on SBFD slot and that non-SBFD slots offer wider bandwidth which can be leveraged to improve throughput, RAN1 can further study techniques to adapt the repetitions/TBoMS feature to better exploit/balance the different characteristic of SBFD and non-SBFD slots. One straightforward approach is to consider different number of RBs for the repetitions (or the slots of a TBoMS) in SBFD slots compared to the repetitions (or the slots of the TBoMS) in non-SBFD slots. Another straightforward approach would be to combine both repetitions and TBoMS, for example applying TBoMS for the repetitions of a PUSCH in SBFD slots, while the usual single-slot repetition is used for the repetitions of the PUSCH in non-SBFD slots. Other approaches, e.g., using different density of DMRS symbols or different waveforms for the transmissions on different slot types, should also be considered to complete the study.
Proposal 18: For Scheduled/configured TBoMS across SBFD symbols and non-SBFD symbols, with or without repetition, at least study the following: 
· consider different number of RBs for the repetitions (or the slots of a TBoMS) in SBFD slots compared to the repetitions (or the slots of the TBoMS) in non-SBFD slots 
· combine both repetitions and TBoMS, for example applying TBoMS for the repetitions of a PUSCH in SBFD slots, while the usual single-slot repetition is used for the repetitions of the PUSCH in non-SBFD slots
· Use of different density of DMRS symbols in SBFD and non-SBFD symbols
· Use of different waveforms for the transmissions on different slots
PDCCH
The control resource set (CORESET) and the Search Space (SS) configurations identify a set of physical frequency and time resources and a set of parameters that is used to carry PDCCH/DCI. The NR CORESET region can be localized to a specific region in frequency domain, which is not necessarily spread across the whole channel bandwidth, though it must be confined within the UE BWP. The CORESET configuration is quite flexible and uses a bitmap of 6 RBs per bit to indicate which PRBs are part of the CORESET. 
[bookmark: _Hlk94874485]With SBFD operation at the gNB, the portion of the cell bandwidth that is available for DL transmissions may dynamically change from slot/symbol to slot/symbol. While PDSCH transmissions can typically be contained in the corresponding DL subband by scheduling the UE in the corresponding frequency resources, adapting semi-statically allocated resources such as PDCCH/CORESET configuration may be more challenging. If, at any time during a SBFD symbol, the PDCCH CORESET overlaps with the UL subband, then it may occur that some PDCCH candidates are partially or fully on the UL subband, and they may therefore not be used. This has obviously negative impacts on the UE power consumption and on the effective use of PDCCH resources, which may indirectly result in a capacity loss.  
To avoid this, some options exist with current specifications. 
· PDCCH is only transmitted in DL-only symbols. This implicitly limits the availability of SBFD symbols, thus impacting the expected UL gain. 
· Configuration of multiple non-overlapping SSs with different PDCCH CORESET configurations (each one associated to a different slot type). This approach has the clear disadvantage of not supporting dynamic subband location in time domain.
· To overcome this limitation, the network could configure multiple overlapping SSs with different CORESET configurations. As multiple CORESET configurations are available in one slot/symbol, the gNB can decide on which one to use depending on whether the slot/symbol is DL or SBFD. The downside of this approach is that the UE PDCCH blind decode budget may be hit as the UE has to run through two (or more) CORESET hypotheses when doing the blind search. If the UE blind decode budget is exceeded, this may imply that the gNB cannot use some of the CORESET configurations in the corresponding slot (SS with lower configuration index have higher priority), which brings us back to the original problem. 
· Always confine the CORESET in the DL subband. This approach has the disadvantage of unnecessarily limiting the PDCCH capacity (due to limited PDCCH bandwidth) in DL-only slots/symbols.
· SSGS functionality specified in R16 for NR-U (and R17 UE power savings) could be reused. However, a field in DCI needs to be reserved to indicate on which resources the UE shall perform PDCCH monitoring. Also, there is a delay associated with the signaling. Therefore, SSGS functionality seems not optimized for very frequent SS group switching that may be needed with SBFD.   
Observation 21: Options available with current standard specifications to provide different CORESET configurations in different slots/symbols all present limitations in terms of either limited flexibility or excessive signaling overhead. 
Therefore, we propose that RAN1 studies solutions enabling dynamic adaptation of PDCCH resources based on the occurrence of SBFD symbols and the corresponding DL-UL frequency domain partitioning. For example, the UE could be provided with multiple PDCCH CORESET configurations per Search Space (SS), e.g. one CORESET configuration associated with DL-only slots/symbols, and one CORESET configuration associated with SBFD slots/symbols. The UE determines the CORESET to be used based on the slot/symbol type (signaled by the gNB). Alternatively, the UE may determine the CORESET to be used based on whether the CORESET time/frequency resources overlap or not with UL subband resources. Another option is to use different assumptions for PDCCH mapping in SBFD and non-SBFD slots, e.g. PDCCH candidate only map to available CCE/REG resources for PDCCH in the slot.  
Proposal 19: Study solutions enabling dynamic adaptation of PDCCH resources based on the occurrence of SBFD symbols and the corresponding DL-UL frequency domain partitioning.
Solutions study based on the above proposals for PDCCH and CG-PUSCH/SPS may also be considered for:
· SRS configuration
· DMRS configuration 
· PUCCH configuration (at least for semi-statically configured PUCCH transmissions)
· CSI-RS configuration
In other words, for each of the above signals, the UE could be configured with separate configurations to be used in SBFD and non-SBFD symbols.
gNB self-interference and Tx/Rx timing alignment aspects
[bookmark: n_TimingAdvanceOffset]In NR, the UE determines the Timing advance (TA) as the sum of a cell specific TA offset and a UE specific TA command (absolute or relative). The cell specific TA offset can be configured by the network in SIB1 (n-TimingAdvanceOffset). If n-TimingAdvanceOffset is not provided by the serving cell, the UE assumes TA offset in Table 7.1.2-2 in 38.133. In case of TDD in FR1 with no LTE-NR coexistence, the value of the cell specific TA offset is 25600*Tc = 13.03 us.
While the UE specific TA is typically used to compensate for the propagation delay so that reception of UL signals from different UEs is synchronized at the gNB receiver, the cell specific TA offset is introduced to shift the relative timing between UL and DL so that the overall guard time that is necessary to allow a half-duplex UE to switch from downlink reception to uplink transmission and vice versa can be minimized. 
In RAN1 #109-e, #110 and #110bis-e meetings, several companies (see e.g. [6], [8] and [9]) raised the issue of FFT time misalignment between UL Rx and DL Tx when the gNB is simultaneously receiving in UL and transmitting in DL during SBFD slots and NTA, offset > 0. Not having the same symbol timing in DL and UL can effectively increase the self-interference at the gNB. To achieve time alignment between UL and DL signals at the gNB, some companies suggest using NTA, offset = 0. This has two main limitations:
· Though in principle NTA, offset can be configured by the network to any value among 0, 25600*Tc and 39936*Tc by parameter n-TimingAdvanceOffset, in practice, legacy UEs always assume the value specified in Table 7.1.2-2 in 38.133 (for the corresponding frequency range and co-existence scenario) independently of what the network indicates in system information
· The guard time between the end of a DL transmission in a DL slot and the start of an UL reception in a subsequent SBFD slot (on the same frequency resources) is increased (as compared to legacy TDD with NTA, offset > 0)
Observation 22: Use of NTA, offset = 0 is only possible in SBFD slots and it increases the required guard time between the end of a DL transmission in a DL slot and the start of an UL reception in a SBFD slot. 
To solve the backward compatibility issue with legacy UEs, some companies have proposed to configure and operate with two different values of NTA, offset in SBFD slots and TDD UL slots. However, changing the TA offset from 0 in SBFD slots to e.g. 13us in TDD UL slots may cause an overlap between two consecutive UL transmissions by the same UE in the transition from an SBFD slot to a TDD UL slot. This may result in one additional symbol lost in the transition between a SBFD and a TDD UL slot. Overall, the overhead required for switching between DL and UL (an vice versa) increases with SBFD operation as compared to TDD. Therefore, how to reduce such overhead such as enabling partial OFDM symbol transmission in the guard periods between SBFD and DL-/UL-only slots should be studied.  
Observation 23: Use of NTA, offset = 0 in SBFD slots and NTA, offset > 0 in TDD UL slots further increases the required overhead needed to switch between legacy TDD DL/UL slots and SBFD slots.
Proposal 20: Consider using NTA, offset = 0 in SBFD slots and NTA, offset > 0 in TDD UL to solve the FFT misalignment problem between UL Rx and DL Tx in SBFD slots. 
Proposal 21: If it is agreed to use NTA, offset = 0 in SBFD slots and NTA, offset > 0 in TDD UL, study how to reduce the increased overhead when switching between TDD DL/UL slots and SBFD slots. 
CLI mitigation enhancements
	Agreement in RAN1 #110: 

Agreement:
· Study the feasibility and potential benefit of UE-to-UE co-channel CLI measurement and reporting, which can be specific for dynamic/flexible TDD specific and/or common for both SBFD and dynamic/flexible TDD, at least includes:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB




UE-2-UE CLI 
Schemes for UE-to-UE CLI mitigation have been specified during Rel-16 WI on Cross link Interference (CLI) handling and Remote Interference Management (RIM) for NR. Enhancements to the Rel-16 UE-to-UE CLI framework are being discussed under A.I. 9.3.3 with focus on dynamic TDD, i.e. A.I. 9.3.3 is already discussing enhancements for improved handling of inter-cell UE-to-UE CLI. Though those enhancements may also be applicable to SBFD, we propose to focus in here on enhancements for improved handling of intra-cell inter-subband UE-to-UE CLI. 
Advanced UE RF requirements
One obvious way to mitigate intra-cell inter-subband UE-to-UE CLI is to tighten the UE in-band emission requirements. Note that typically the UE TX is optimized for efficiency, so Power Amplifier (PA) nonlinearity is a dominant source of spectral regrowth. It may be feasible to reduce emissions bringing the PA into more linear operation at the expense of higher power consumption. The UE capability to adapt its UL/DL digital filter’s bandwidth to match the UL/DL subband in SBFD symbols may also help reducing emissions. In any case, the feasibility of defining stricter (in-band) emission requirements for SBFD operation is not for RAN1 to discuss.
Observation 24: One obvious way to mitigate intra-cell inter-subband UE-to-UE CLI is to tighten the UE in-band emission requirements. The UE being able to match its UL/DL digital filter’s bandwidth to the UL/DL subband in SBFD symbols may also help reducing the UE in/band emissions. However, such advance UE RF requirements are for RAN4 to be discussed. 
L1/L2 based CLI 
With SBFD, both intra-cell and inter-cell UE-to-UE CLI are possible. In an intra-cell UE-to-UE CLI scenario it is  beneficial for the gNB to know the exact time when the UE is performing a CLI measurement, as the gNB could use this information to identify a potential ‘aggressor’ UE. Note that with existing L3 based CLI-RSSI and CLI-SRS, the baseline is that the gNB does not know the exact time (i.e. slot and symbol) when a reported CLI measurement is performed. In this sense, L1/L2 based CLI measurement & reporting (1) is better designed for improved short-term tracking of cross link interference conditions, (2) can provide benefits in terms of improved radio resource utilization, and (3) may help relaxing the measurement requirements at the UE, as the gNB does not need to configure UE-specific reference signals for the purpose of CLI measurements, but can identify the source of CLI based on the time of the measurement. Therefore, with L1/L2 based CLI reporting, potential enhancements to the RS configuration for the purpose of CLI measurement/reporting should also be studied. 
Proposal 22: Study L1/L2 based CLI, including potential enhancements to the RS configuration for the purpose of L1/L2 based CLI measurement/reporting.
Timing alignment aspects
Even assuming the gNB has the exact knowledge of when (i.e. slot and symbols) a victim UE has performed a CLI measurement, the victim UE may still experience a time shifted interference in the measurement window, which can severely impact the reliability of the CLI measurement. Timing alignment for the CLI measurement RS and its impact on the accuracy of CLI-SRS measurements have been heavily discussed in Rel-16, and is currently also under discussion in A.I. 9.3.3 (see e.g. our companion contribution in [7]). 
One possibility for increasing the accuracy of RS-based CLI measurements is for the victim UE to be able to detect (and report) e.g. the time difference of arrival between DL (transmitted by the serving gNB) and UL (transmitted by the aggressor UE) RS. If the time shift is large, this may require that the victim UE can search for the aggressor UL RS. These techniques may be particularly helpful in case of SBFD, as the gNB can estimate the UE-to-UE propagation delay based on (1) the time advance of the victim UE, (2) the time advance of the aggressor UE, and (3) the time difference of arrival between DL and UL RS. Information on the UE-to-UE propagation delay can be used at the gNB, for example, to inform a potential victim UE on the specific timing offset to be used when to performing a CLI measurement. 
Observation 25: By knowing the time difference of arrival between DL (transmitted by the serving gNB) and UL RS (transmitted by the aggressor UE) at the victim UE, the gNB can estimate the intra-cell (aggressor)UE-to-(victim)UE propagation delay. This information can be used to assist the UE by e.g. providing the specific timing offset to be used when performing a CLI measurement.
Proposal 23: Study schemes for measurement and reporting of time difference of arrival between DL RS and UL RS, and potential extensions to the CLI measurement framework to include assistance information consisting of e.g. specific timing offset (with respect to DL timing) to be used when performing a CLI measurement.
As mentioned earlier, operation in SBFD creates new interference cases when compared to flexible TDD, such as the UE-to-UE intra-cell CLI. There are limitations of existing CLI reference signals, which were not designed to mitigate this CLI case, and may not ensure correct and up-to-date interference measurement due to distance, limitation of time domain symbols and lack of synchronization between UEs, as discussed above. 
Observation 26: Existing CLI-RS might not be suitable for assessing the interference in all CLI scenarios introduced by SBFD operation. 
Proposal 24: Study limitations of existing CLI reference signals and whether enhancements are needed to assess the inter sub-band CLI in SBFD symbols. 
Schemes for accurate measurement of CLI leakage
In previous RAN1 meetings, a few companies proposed to enhance the Rel-16 CLI measurement & reporting framework with the introduction of subband CLI. While we agree that with SBFD it makes sense to measure and report the CLI-RSSI on a specific subband, we also think that the UE measuring and reporting its own leakage on a specific subband could be extremely useful in the context of SBFD (as well as dynamic TDD). The point is, out-of-band emissions pose a limitation to the practical deployment of both dynamic TDD and SBFD, as they are the primary cause of inter-operator UE-to-UE CLI. With SBFD, co-channel inter-subband UE-to-UE CLI may also be caused by in-band emissions due to an aggressor UE transmitting an UL signal and a victim UE receiving a DL signal on non-overlapping frequency resources on the same TDD carrier. As in-band emission requirements can be several dBs more relaxed than the corresponding ACLR requirements, co-channel inter-subband UE-to-UE CLI may introduce even more constraints for SBFD operation as compared to inter-operator adjacent-channel UE-to-UE CLI with dynamic TDD. In TS 38.101, maximum power reduction (MPR) requirements are specified based on worst-case limiting factor of the EVM, ACLR, IBE, out-of-band and spurious emission requirements, etc. In fact, depending on several factors such as the channel bandwidth, the RB allocation, the UE transmission power, etc., the UE may typically be able to operate (far) below at least some of the emissions requirements specified in TS 38.101. However, the gNB is generally not aware of this. The gNB must always assume worst-case assumptions when estimating the interference that an aggressor UE may generate on adjacent PRBs. Therefore, it would be beneficial if the UE could measure and report to the gNB its own in-band emissions. In principle the CLI measurement and reporting framework could be extended to out-of-band emissions. This functionality could be included within the subband CLI measurement framework by requesting UE to be able to measure the CLI-RSSI on a subband while transmitting on another subband. According to our understanding, this functionality is already supported by most of the UE chipsets as measurements on the feedback loop from the PA output are used to correct non-linear impairments of the transmit chain, so that e.g. the PA can operate more efficiently.   
Proposal 25: Study subband CLI measurements and reports, including: subband CLI-RSSI measurements performed on a subband while the UE is transmitting on a different subband.  
gNB-2-gNB CLI 
To avoid co-channel CLI in TDD deployments, coordinated scheduling might be achieved by simply aligning the TDD frame configuration among the neighbour cells. Concepts such as clustering of multiple gNBs is currently feasible by using the standardized Intended TDD DL-UL Configuration IE. In SBFD deployments, however, it is not currently possible to coordinate the sub-band configuration with the neighbour cells. The intra-subband cross-link interference can be completely removed if cells align the link direction of the sub-bands, which it is expected to provide performance benefits. Therefore, we propose that the current framework of exchange of the intended TDD frame configuration over Xn interference to also support the intended subband configuration.
Proposal 26: Study possible enhancements to the exchange of intended TDD configuration over Xn to include SBFD subband configuration.   
Self-interference 
As discussed in our companion contribution on dynamic TDD enhancements [7], boosting the UE Tx power and/or reducing the gNB power in slots/symbols affected by gNB-to-gNB CLI from overlapping frequency resources can be a simple yet effective way to handle cross-link interference. Similar solutions may also be applicable with SBFD operation e.g. to compensate for the decrease in UL SINR due to gNB self-interference in SBFD symbols/slots. Therefore, we propose the following: 
Proposal 27: The potential benefits of boosting the UE Tx power and/or reducing the gNB power in SBFD slots/symbols shall be further investigated as a potential method to boost the UL received SINR in slots/symbols affected by gNB self-interference.
Controlling access to SBFD cells
When a SBFD cell is serving both legacy UEs and SBFD aware UEs, to simplify gNB implementation and/or to limit the impact on the performance of legacy UEs, the SBFD cell may decide to schedule legacy UEs only during DL-only (and U-only) slots, while SBFD-aware UEs may also be scheduled during SBFD slots.
Also, it could happen that a cell TDD UL resources are close to full utilization while its SBFD UL resources are still (at least partially) unused. 
In any of the above situations, the network may want to facilitate SBFD aware UEs to (re)select a SBFD capable cell, while discouraging legacy UEs from doing the same. In other words, SBFD aware UEs could have higher probability of (re)selecting to a SBFD capable cell than legacy UEs. To partially achieve this, some companies have proposed to indicate future release UEs about the cell duplex operation mode so that such indication can be used to facilitate UE’s cell selection, e.g. SBFD capable UE can prioritize SBFD cells over non-SBFD cells. An alternative solution, also enabling legacy UEs to de-prioritize SBFD cells, could be to signal SBFD-specific (re)selection offsets and/or priorities that SBFD aware UE shall apply when performing cell (re)selection. In any case, the specific solution is not for RAN1 to discuss. Therefore, we propose the following:   
Proposal 28: RAN1 to study the potential benefits of SBFD aware UEs prioritizing SBFD cells and/or legacy UEs de-prioritizing SBFD cells when performing cell (re)selection. Detailed solutions are for RAN2 to discuss and specify if/when normative work for SBFD is agreed.
UL/DL collision handling in SBFD slots/symbols

In RAN1 #110bis-e meeting it was agreed to: 
	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)




In RAN1 #111, there was a discussion about collision handling without agreements. 
	Proposal 1-12 ​
Proposed Conclusion:​
At least the following cases of time domain conflict of UL transmission and DL reception in the same SBFD symbol are identified.​
· Dynamic DL reception vs. semi-statically configured UL transmission​
· Dynamic UL reception vs. semi-statically configured DL transmission​
· Semi-statically configured DL reception vs. semi-statically configured UL transmission​
Note: PRACH transmissions and SSB receptions are not included.




Based on current specifications, the gNB plays an essential role in ensuring that no conflicts resulting in error cases or unspecified UE behavior occur at the UE. Some of these error cases are described below, while remaining details can be found in TS 38.213 Clause 11.1 and 11.1.1. Essentially, the gNB needs to ensure no contradicting indications are signaled to the UE, e.g. DCI triggering a DL reception on resources configured in UL (by SFI/DCI, or RRC/SIB configuration). For semi-static signals (e.g. SRS, PUCCH, CSI-RS, etc.) some more flexibility is allowed as the gNB can ‘cancel’ the corresponding transmission/reception of those signals (with some cancellation timeline restrictions). 
· The UE does not expect the gNB to request UL transmission on resources configured as DL by higher-layer signaling.
· The UE does not expect to receive a SFI indicating UL/DL direction for a symbol that is configured by higher-layers as DL/UL, respectively
· For a set of symbols of a slot that are indicated to a UE as flexible by higher-layer signaling, the UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception by the UE in the set of symbols of the slot.
· The UE does not expect to receive SFI indicating a set of symbols as uplink, and receive another DCI indicating the UE to receive PDSCH/CSI-RS in the set of symbols. And vice versa: receive SFI indicating DL symbols and other DCI indicating UL transmission.
· If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols
· The UE cancels the SRS, PUCCH, PUSCH or PRACH in the set of symbols but only if some cancellation timeline is met. 
· If a UE is configured by higher layers to receive a CSI-RS or a PDSCH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as uplink or flexible, or the UE detects a DCI format indicating to the UE to transmit PUSCH, PUCCH, SRS, or PRACH in at least one symbol in the set of the symbols, 
· the UE cancels the CSI-RS reception in the set of symbols of the slot or cancels the PDSCH reception in the slot.
· For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect the set of symbols to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.
· For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as uplink.
[bookmark: _Ref118281120]Table 2 UE behavior in case of UL/DL collision according to current specifications 
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UL-DL collision handling according to currents specifications is summarized in Table 2. We consider only cases with UL-DL collisions. For valid RO, based on TS 38.213, a RO is invalid if it collides with SSB. Therefore, we assume collisions between valid RO and SSB are not allowed in current specifications. We assume the same applies for collision between valid RO and Type 0 CSS, as the UE does not expect Type 0 CSS in slots/symbols that are configured as UL by either higher layer signaling or SFI. 
For the same reason, we consider as not allowed/expected collisions between dynamic or semi-static UL and SSB or Type 0 CSS. As a valid RO can in principle be configured in a set of symbols indicated as flexible by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, we assume that in case of dynamic DL colliding with valid RO, dynamic DL transmission is prioritized. On the other hand, collisions between valid RO and semi-static DL are not expected (for the same reason why collision between semi-static DL and UL is not expected). 
[bookmark: OLE_LINK5]One of the targets of SBFD is to reduce latency as compared TDD, especially in uplink. To achieve this, the network may need to configure the UE with semi-static UL transmission opportunities with very high periodicity, in principle up to every slot. In this case, as the UE is still half duplex, new collision rules may need to be specified to determine the conditions based on which the UE shall prioritize between semi-static UL and semi-static or dynamic DL. 
Also, depending on whether SBFD operation in SSB symbols (and/or Type 0 CSS symbols) is allowed, new prioritization rules may be needed to determine when a UE is allowed to transmit in UL during SSB and/or Type 0 CSS symbols. Therefore, we propose:
Proposal 29: For time domain conflict of SBFD aware UE’s UL and DL operation in the same SBFD symbol, at least study whether/how to avoid/handle the following collision cases:
· Semi-static UL (including valid RO) vs. semi-static or dynamic DL (including SSB/Type 0 CSS, if allowed)
· [bookmark: _Hlk118714984]Dynamic UL vs. SSB/Type 0 CSS (if allowed)
Additionally, for the legacy DL vs. UL transmissions collision handling, it is straightforward for UE to determine whether there is collision or not by determining whether there is at least one overlapping symbol between the two transmissions. This is not always the case for determining whether DL and UL transmissions are collided or not in SBFD operation, given that UE needs time for switching from reception to transmission. In SBFD operation, even if the symbols used for DL receptions and UL transmissions are not overlapping, DL and UL transmissions are collided if there is not enough time for the UE Rx-Tx switching.

Observation 27: In SBFD operation, new collision cases arise if the time between DL reception and UL transmission is less than the time required for Rx to Tx switching.

Finally, Rel-16 introduced different priorities namely high priority (HP) and low priority (LP) to handle the collisions in the UL. It was not necessary to configure priority index for the dynamic PDSCH because DL vs UL collision was not allowed. Even though SBFD is a feature that aims to enhance uplink performance and latency, i.e., it is expected that UL transmissions are prioritized, there might be scenarios in which the network wants to prioritize the DL or drop part of the DL. Therefore, we believe that it should be possible to configure priority index for the dynamic PDSCH as well.

Proposal 30: For SBFD aware UE’s, study how to handle collision cases between DL and UL when the time between DL receptions and UL transmissions is less than the Rx-Tx switching time 

Proposal 31: For SBFD aware UE’s, configuration of priority index for the dynamic PDSCH should be possible. 

Conclusion
In this contribution, we discussed subband non-overlapping full duplex (SBFD) for NR and included considerations on the feasibility, performance and system design enhancements of SBFD. Based on the discussions, we have the following observations and proposals:
Observation 1: SBFD cannot be operated without changes to the RF architecture and as such SBFD needs new physical implementations and cannot be software upgraded to existing and deployed base stations.
Observation 2: With clustered UE distribution in UMa Scenario and under the ideal assumption of 154 dB RSI and 154 dB of inter-sector interference ratio, SBFD provide UL throughput gains across the 5%/50%/95%-iles for low load conditions, and in the 5%-ile for medium load conditions. For medium and high load, large performance degradation (25%-67% )of the average UE throughput is observed primarily as a consequence of the inter-site gNB-gNB inter-subband interference.
Observation 3: With clustered UE distribution in UMa Scenario and under the realistic assumption of inter-sector isolation, no UL throughput gains are observed of SBFD as compared to static TDD for any offered load condition.
Observation 4: With clustered UE distribution in UMa Scenario, there is significant degradation of UE DL throughput due to UE-UE CLI even at low load (around 36%-50% degradation on average, and close to 100% in the 5%-ile). This mainly occurs when one or more coverage-limited UEs transmit over a few, e.g. 4, RBs with full 23 dBm UL transmit power which generates large amount of UL leakage interference to other UEs receiving in DL. 
Observation 5: With clustered UE distribution in UMa Scenario and without self- and cross-link interference, SBFD provides a gain of up to 500% in the 5%-ile UE UL throughput and 50-80% in the average UL UE throughput, with less than 10% DL performance degradation compared to TDD. Thus, interference-coordination and CLI-handling techniques are expected to be very beneficial for SBFD.
Observation 6: For FR1 Indoor Office scenario with 100 kB FTP3 payload size and assuming similar ratio of DL resources for SBFD and TDD (XXXXX vs DDDSU), SBFD provides a throughput degradation of around 10-20% in both UL and DL compared to TDD. The reason is that with TDD there are more resource blocks available simultaneously for the same link direction (either UL or DL) which allows to download/upload the 100kB payloads faster than in SBFD.
Observation 7: For FR1 Indoor Office scenario, no UL performance degradation due to self-interference is observed even with relaxed assumption of RSI=100 dB. The reason of this is that the required receiver sensitivity in this local-area scenario is much lower than in wide-area deployments due to higher received power from the UEs.
Observation 8: For FR1 Indoor Office scenario with small 1 kB FTP3 payload size and assuming similar ratio of DL resources for SBFD and TDD (XXXXX vs DDDSU), SBFD provides significant throughput and latency improvement as compared to static TDD, especially in the UL direction. As compared to the case with large 100 kB payload, here the transmission of the entire 1 kB payload can generally fit a single radio slot, thus it is transmitted almost immediately in the case of SBFD, while there is generally some waiting time in the case of TDD UL.
Observation 9: For static TDD with low UL duty cycle (e.g. DDDSU), some UEs may have the capability for up to 26 dBm maximum UL transmit power. Comparing SBFD with 23 dBm UL max transmit power vs static TDD DDDSU with 26 dBm max UL transmit power, static TDD performs as good or better in terms of UL average throughput performance, with only 20%-30% lower 5%-ile user UL throughput.
Observation 10: It has been agreed that the frequency location of the DL subband(s) can be explicitly indicated or implicitly derived, while the explicit indication of frequency location of UL subband is required. There is no agreement on the indication of guardbands yet.
Proposal 1: Explicit indication of the semi-static frequency location of at least one of the DL subband(s) and the guardband(s) is required. The one that is not explicitly signalled can be implicitly determined.
Observation 11: Symbols configured as flexible can be used for DL or UL since Rel-15.
Proposal 2: For a SBFD aware UE semi-statically configured in a SBFD symbol in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study,
· UL transmissions within UL subband are allowed in the symbol
· DL receptions within DL subband(s) are allowed in the symbol 
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The RBs outside the UL subband are used with the same transmission direction, either UL or DL (excluding guardband(s) if different link directions are used in the symbol) 
· The symbol can be converted to a DL-only symbol
Proposal 3: Signaling of the frequency and time location of the UL subband via SIB is assumed as baseline. Signaling via dedicated RRC can be considered as an additional (not alternative) option. 
Observation 12: Not all PRBs are suitable for the configuration of the UL subband, for example, those configured for SSB or CORESET0 transmission (if allowed in SBFD symbols). Using the frequency allocated to the transmission of the SSB or CORESET0 as reference, and an offset for the configuration of the UL subband, can reduce the configurable range and number of bits used to indicate the UL subband to the UE. 
Proposal 4: The frequency allocated to SSB or CORESET0 is used as reference for the configuration of the UL subband. 
Proposal 5: SBFD operation in SSB symbols is not allowed. 
Proposal 6: SBFD operation with the possibility to configure the SBFD UL subband only in a subset of the legacy DL (or flexible) symbols is agreed as the baseline.
Observation 13: The basic BWP based scheme is rather straightforward but has severe UE peak rate and signaling overhead issue.
Observation 14: For the advanced BWP based scheme, there should be no additional gap due to BWP switch in the transition from SBFD slots to TDD slots, and vice versa.
Observation 15: In terms of digital filter bandwidth adaptation at the UE, there is substantially no difference between the RB-set based and the advanced BWP based approach. 
Observation 16: Unless new in-band emission requirements are specified, better UL transmission and DL reception filtering should not be considered as an advantage of any of the proposed schemes.
Proposal 7: Assume RB-set based scheme as the baseline. With the RB-set based scheme, a UE’s active BWP may include PRBs that are used by the serving cell for the opposite link direction. 
Observation 17: Operation according to the basic BWP based scheme is not precluded by RB-set based signaling.
Observation 18: SBFD operation in symbols configured as DL improves the UL performance at the cost of DL performance. Dynamic adaptation of the frame structure, for example, by converting SBFD symbols to DL-only, is beneficial, since it allows adaptation to the current traffic conditions. 
Proposal 8: For a SBFD aware UE semi-statically configured with UL subband in a symbol configured as DL in TDD-UL-DL-ConfigCommon, at least one of the following options are assumed as the baseline: 
· DL receptions within the UL subband are allowed in the symbol
· the symbol can be converted to a DL-only symbol
Proposal 9: For a SBFD aware UE in a symbol semi-statically configured as DL or Flexible in tdd-UL-DL-ConfigurationCommon, study mechanisms enabling dynamic configuration of the SBFD UL subband in the symbol. 
Observation 19: Enabling initial access in SBFD symbols can increase the PRACH capacity, PRACH coverage, as well as reduce initial access delay.
Proposal 10: Study support of initial access on SBFD symbols by e.g. introducing a new SBFD RACH configuration enabling at least Msg1/MsgA transmissions during SBFD symbols. 
Proposal 11: Study requirements for supporting initial access transmissions other than Msg1/MsgA in SBFD symbols. 
Proposal 12: Study the severity of PDSCH resource fragmentation problem for Type 0 FDRA, considering remaining issues when rate matching solutions already supported in current specifications are applied and/or extended. 
Proposal 13: In case a solution is needed, consider extension of existing rate matching solution enabling partial RBG at BWP boundaries for Type 0 RA at subband boundary based on the knowledge of UL subband location 
Proposal 14: For Type 1 FDRA with SBFD, RAN1 should consider rate matching and VRB-to-PRB mapping.
Proposal 15:  For CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subband, rate matching around UL subband and guardband is assumed. Essentially, CSI-RS resources are configured over the entire bandwidth, but the UE can assume CSI-RS is not transmitted on REs that are overlapping with UL subband and guardband in a SBFD slots/symbols.
Observation 20: When unaligned boundary of CORESET and DL subband, there will be unavailable REG or CCE for PDCCH in the CORESET and PDCCH on these REG/CCE may be not be received correctly.

Proposal 16: Study the impact and benefits of potential enhancements to resource allocation in frequency-domain for SBFD operation, considering unaligned boundaries between REG/CCE and SBFD subbands.

Proposal 17: For CG-PUSCH and DL SPS, introduce SBFD-specific configurations where one set of radio parameters is used depending on the corresponding slot format. 
Proposal 18: For Scheduled/configured TBoMS across SBFD symbols and non-SBFD symbols, with or without repetition, at least study the following: 
· consider different number of RBs for the repetitions (or the slots of a TBoMS) in SBFD slots compared to the repetitions (or the slots of the TBoMS) in non-SBFD slots 
· combine both repetitions and TBoMS, for example applying TBoMS for the repetitions of a PUSCH in SBFD slots, while the usual single-slot repetition is used for the repetitions of the PUSCH in non-SBFD slots
· Use of different density of DMRS symbols in SBFD and non-SBFD symbols
· Use of different waveforms for the transmissions on different slots

Observation 21: Options available with current standard specifications to provide different CORESET configurations in different slots/symbols all present limitations in terms of either limited flexibility or excessive signaling overhead. 
Proposal 19: Study solutions enabling dynamic adaptation of PDCCH resources based on the occurrence of SBFD symbols and the corresponding DL-UL frequency domain partitioning.

Observation 22: Use of NTA, offset = 0 is only possible in SBFD slots and it increases the required guard time between the end of a DL transmission in a DL slot and the start of an UL reception in a SBFD slot. 
Observation 23: Use of NTA, offset = 0 in SBFD slots and NTA, offset > 0 in TDD UL slots further increases the required overhead needed to switch between legacy TDD DL/UL slots and SBFD slots.
Proposal 20: Consider using NTA, offset = 0 in SBFD slots and NTA, offset > 0 in TDD UL to solve the FFT misalignment problem between UL Rx and DL Tx in SBFD slots. 
Proposal 21: If it is agreed to use NTA, offset = 0 in SBFD slots and NTA, offset > 0 in TDD UL, study how to reduce the increased overhead when switching between TDD DL/UL slots and SBFD slots. 
Observation 24: One obvious way to mitigate intra-cell inter-subband UE-to-UE CLI is to tighten the UE in-band emission requirements. The UE being able to match its UL/DL digital filter’s bandwidth to the UL/DL subband in SBFD symbols may also help reducing the UE in/band emissions. However, such advance UE RF requirements are for RAN4 to be discussed. 
Proposal 22: Study L1/L2 based CLI, including potential enhancements to the RS configuration for the purpose of L1/L2 based CLI measurement/reporting.
Observation 25: By knowing the time difference of arrival between DL (transmitted by the serving gNB) and UL RS (transmitted by the aggressor UE) at the victim UE, the gNB can estimate the intra-cell (aggressor)UE-to-(victim)UE propagation delay. This information can be used to assist the UE by e.g. providing the specific timing offset to be used when performing a CLI measurement.
Proposal 23: Study schemes for measurement and reporting of time difference of arrival between DL RS and UL RS, and potential extensions to the CLI measurement framework to include assistance information consisting of e.g. specific timing offset (with respect to DL timing) to be used when performing a CLI measurement.
Observation 26: Existing CLI-RS might not be suitable for assessing the interference in all CLI scenarios introduced by SBFD operation. 
Proposal 24: Study limitations of existing CLI reference signals and whether enhancements are needed to assess the inter sub-band CLI in SBFD symbols. 
Proposal 25: Study subband CLI measurements and reports, including: subband CLI-RSSI measurements performed on a subband while the UE is transmitting on a different subband.  
Proposal 26: Study possible enhancements to the exchange of intended TDD configuration over Xn to include SBFD subband configuration.   
Proposal 27: The potential benefits of boosting the UE Tx power and/or reducing the gNB power in SBFD slots/symbols shall be further investigated as a potential method to boost the UL received SINR in slots/symbols affected by gNB self-interference.
Proposal 28: RAN1 to study the potential benefits of SBFD aware UEs prioritizing SBFD cells and/or legacy UEs de-prioritizing SBFD cells when performing cell (re)selection. Detailed solutions are for RAN2 to discuss and specify if/when normative work for SBFD is agreed.

Proposal 29: For time domain conflict of SBFD aware UE’s UL and DL operation in the same SBFD symbol, at least study whether/how to avoid/handle the following collision cases:
· Semi-static UL (including valid RO) vs. semi-static or dynamic DL (including SSB/Type 0 CSS, if allowed)
· Dynamic UL vs. SSB/Type 0 CSS (if allowed)
Observation 27: In SBFD operation, new collision cases arise if the time between DL reception and UL transmission is less than the time required for Rx to Tx switching.

Proposal 30: For SBFD aware UE’s, study how to handle collision cases between DL and UL when the time between DL receptions and UL transmissions is less than the Rx-Tx switching time 

Proposal 31: For SBFD aware UE’s, configuration of priority index for the dynamic PDSCH should be possible. 
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Annex A: Agreements from the previous meetings
	RAN WG1 #109-e
Agreement
Study whether/how to inform the UE of the time and/or frequency location of subbands that gNB would use for SBFD operation.
Agreement
Study the impact/potential enhancements of resource allocation in symbols with subbands that gNB would use for SBFD operation.
Agreement
At least study SBFD operation within a TDD carrier.
Conclusion
For discussion purpose only, SBFD symbol is defined as symbol with subbands that gNB would use for SBFD operation. 
Conclusion
For discussion purpose, for SBFD operation within a TDD carrier, a SBFD subband consists of 1 RB or a set of consecutive RBs for the same transmission direction.
Agreement
The time and frequency location of subbands within a TDD carrier are not fixed in the specification.
· Subject to any RAN4 guidance on minimum or maximum subband and guardband size and subband location within TDD carrier. 
· Note that whether the time and/or frequency location of subbands are informed to UE is separately discussed.
RAN WG1 #110-e
Agreement:
Study the following alternatives with Alt 4 prioritized, for SBFD operation at least for RRC_CONNECTED state.
· SBFD operation Alt 1:
· Time and frequency locations of subbands for SBFD operation are not known to UEs. 
· UE behaviors follow existing specifications without introducing new UE behaviors for SBFD operation at gNB side.
· SBFD operation Alt 2:
· Time and frequency locations of subbands for SBFD operation are not known to UEs. 
· UE behaviors for non-SBFD aware UEs follow existing specifications.
· From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs
· SBFD operation Alt 3:
· Only time location of subbands for SBFD operation is 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 location of subbands for SBFD operation 
· 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.
UE capability discussion is held in work item phase.
Agreement:
For indication of subband locations for SBFD operation, study semi-static configuration of subband time and frequency location as baseline.
Agreement
For semi-static configuration of subband location, consider same subband frequency resources across different SBFD symbols as baseline.
Working Assumption
For SBFD operation within a TDD carrier, study SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies as baseline. 
· FFS feasibility and potential benefit of SBFD scheme within a single configured DL and UL BWP pair with unaligned center frequencies
· FFS feasibility and potential benefit of SBFD scheme with more than one configured DL and UL BWP pair with aligned/unaligned center frequencies for a DL and UL BWP pair
Agreement
For SBFD operation Alt 4, for an SBFD aware UE configured with an UL subband in an SBFD symbol, study the following options:
· Option 1: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband or to be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 2: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband and may be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 3: The SBFD aware UE does not expect to be scheduled with DL reception within the UL subband and may be scheduled with UL transmission outside the UL subband in the SBFD symbol
· Option 4: The SBFD aware UE may be scheduled with UL transmission outside the UL subband or DL reception within the UL subband in the SBFD symbol
Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI measurement and reporting, which can be specific for SBFD, at least includes:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB
Note: other enhancement(s) for gNB-to-gNB and UE-to-UE CLI handling specific for SBFD are not precluded.
RAN WG1 #110bis-e
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
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.
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
Study impact/potential enhancements for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency.
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 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.
[bookmark: _Hlk117682405]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, subject to RAN4’s study and conclusion
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.
LS on maximum number of UL subbands for duplex evolution to RAN4 is endorsed. Final LS in R1-2210671.
RAN WG1 #111
Agreement
For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol
Agreement
For the purpose of RAN1 study, the understanding is that for semi-static configuration of subband frequency locations for SBFD operation, frequency location of UL/DL subband is with reference to CRB grid.

Agreement
Study impact and potential enhancements for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, including at least the following:
· PDCCH, scheduled/configured PUCCH/PUSCH/PDSCH, without repetition in SBFD symbols and non-SBFD symbols
· Scheduled/configured SRS/CSI-RS in SBFD symbols and non-SBFD symbols
· Scheduled/configured TBoMS across SBFD symbols and non-SBFD symbols with or without repetition
· Multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols
· Scheduled/configured PDSCH/PUSCH/PUCCH with repetitions across SBFD symbols and non-SBFD symbols
Note: Inter-slot/intra-slot/inter-repetition/inter-group frequency hopping with DMRS bundling of PUSCH/PUCCH, if applicable, is considered.
Examples of potential enhancements include:
· Resource allocation in frequency domain including frequency hopping
· Resource allocation in time domain
· Power domain
· Spatial domain 
FFS: If the PUCCH/PUSCH/PDSCH/PDCCH can be mapped to SBFD and non-SBFD in the same slot if configured.
 
Agreement
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study the following options for SBFD aware UEs,
Option 1: 
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
· FFS: Whether DL receptions outside DL subband(s) are allowed or not in the symbol
Option 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol for both options. For all RBs outside the UL subband, UE cannot use separate RBs for DL and UL simultaneously
 
Agreement
Study the impact and benefits of potential enhancements to resource allocation in frequency-domain for SBFD operation, considering unaligned boundaries between resource block group(s)/reporting subband(s) and SBFD subbands, including at least the following:
· RBG for PDSCH RA type 0
· CSI reporting configuration
· CSI-RS resource configuration
· PRG of PDSCH





[bookmark: _Ref111111068]Annex B: Detailed simulation assumptions for SBFD
[bookmark: _Ref111043115]Table 3: Simulation assumptions
	Parameters
	Value

	Scenario
	Urban Macro (TR 38.901) with 7x3=21 cells and 500 meter ISD.
SBFD Deployment Case 1 with single operator and all gNBs using the same UL-DL SBFD sub-band partitioning

	SCS
	30 kHz

	Carrier bandwidth
	100 MHz, 273 RBs

	gNB total transmit power
	53 dBm

	UE Tx power
	23 dBm

	UE position
	UE clustering in line with RAN1#110bis agreements: 20 UEs per cell at 1.5 meter height. 80% of the UEs in 2 clusters per macro cell area with 25 meter radius.
UEs dropped within the UE cluster are indoor with 3km/h; UEs dropped outside the UE cluster are outdoor in car with 30km/h

	Traffic model
	FTP3 UL and DL traffic; 0.1 MB payload size

	Channel modelling
	gNB-UE: TR 38.901 UMa

gNB-gNB: TR 38.901 UMa with replacement of the UE’s antenna height with gNB’s antenna height and updated angular spread. 75% of LOS probability for gNBs within ISD distance

UE-UE: TR 36.843 with penetration losses between UEs from TR 38.802. 

Both large-scale and small-scale fading effects are modeled between all gNB-gNB and UE-UE links.

	BS antenna configurations
	TDD: 16 Tx/16 Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 2, 4);

SBFD: 16 Tx/16 Rx antenna ports (Opt 2)
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 4);

dH = 0.5λ, dV = 0.8λ;
6 degree electrical tilt. No mechanical tilt 


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

	UE & BS receiver
	MMSE-IRC 

	Number of UEs per cell
	20 

	SCS 
	30 kHz 

	UE power control
	Open-loop power control with alpha = 0.9 and p0=-100

	DL/UL Transmission mode
	DL: Single user MIMO with rank 2
UL: Single user MIMO with rank 1

	Frame structure
	TDD: DDDSU with S=[12D:2G:0U]
SBFD: XXXXX with X denoting a SBFD slot with DGUGU = [104, 5, 55, 5, 104] PRB assignment. “D”, “U” and “G” refers to downlink subband, uplink subband and guard bands, respectively.

	SBFD interference modeling
	gNB Self-interference RSI: 149 dB
gNB-to-gNB co-site: same model as for gNB Self-interference
gNB-to-gNB inter-site: ACLR: 45 dB, ACS: 45 dB; frequency flat model for ACS.
UE-to-UE: IBE requirements defined in TS38.101-1 and TS38.101-2 for Tx model. No modeling of UE Rx aspects.
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