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1. Introduction
In RAN #94-e meeting, a new SI on evolution of NR duplex operation was approved. The objective of the SI is listed as follows [1].  
	[bookmark: _Hlk89819652]The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum.
In this study, the followings are assumed:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· No restriction on frequency ranges
The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 





Further in RAN1#109-e [2], RAN1#110 [3] and RAN1#110-bis-e [4], following agreements were made for Sub-band Non-Overlapping Full Duplex (SBFD):
In this contribution, we discuss and provide views for subband non-overlapping full duplex.  
2. Discussion
SBFD resource configuration
In Rel-18, for SBFD operation, it is assumed that gNB would be able to schedule transmissions with different UL and DL directions in non-overlapped sub-bands for different UEs in a cell at a time. This SBFD operation is expected to improve UL coverage, latency reduction and system capacity as compared to legacy TDD systems. However, to implement SBFD operation, various resource configuration aspects of SBFD operation need to be clarified. 
For traditional NR TDD, the time domain resources are split between downlink and uplink for both gNB and UE either by semi-static TDD configuration (e.g., tdd-UL-DL-ConfigurationCommon/tdd-UL-DL-ConfigurationDedicated) and/or by dynamic TDD configuration (e.g., SFI in DCI format 2_0). Since, the TDD configuration can be dedicatedly provided to UE, gNB can potentially schedule DL and UL for different UEs at the same time achieving functionality of SBFD without requiring any signaling enhancements. 
However, there are certain advantages of indicating SBFD resources to the UEs which can support SBFD operation. Using the SBFD resource configuration, many UL-DL resource conflicts can be resolved at the UE side with relatively simple implementations. For e.g., semi-static DL receptions (like CSI-RS) can be ignored by UE in the UL sub-band resources which are indicated by the gNB using SBFD configuration, to improve channel estimation. In absence of the SBFD resource indication to the UE, gNB would need to use DCI based preemption/puncturing to resolve any such DL/UL conflict during SBFD occasions. This would not only result in higher PDCCH overhead but would also lead to reduced UE/gNB performance in case UEs are not able to timely/correctly decode DCI indications. 
[bookmark: _Toc130988107][bookmark: _Toc130988194][bookmark: _Toc130988417]Observation 1 Full duplex operation can be currently achieved in NR by providing different tdd-UL-DL-ConfigurationDedicated or SFI to different UEs in a cell, however, higher DL/UL performance gains are expected if UEs are indicated of SBFD time/frequency resources
Although it was agreed in RAN1#110-bis-e meeting to support configuration of at least UL subband for SBFD-aware UEs, it is still not agreed whether dynamic configuration of SBFD slot/symbols is supported. We believe that semi-static configuration of SBFD resources cannot fully address the requirement of dynamic traffic variations. The network should have the flexibility to reduce/increase the number of SBFD symbols in the cell based on the UL/DL traffic arrival. Hence, supporting dynamic configuration of SBFD slots/symbols is beneficial from network performance perspective.
[bookmark: _Toc130988108][bookmark: _Toc130988195][bookmark: _Toc130988418]Observation 2 Dynamic configuration of SBFD slots/symbols is beneficial for improving network performance when considering dynamic DL/UL traffic requirements
To achieve the dynamic SBFD configuration, there seem to be 2 possible mechanisms:
· Option-1: gNB to dynamically convert semi-statically configured UL subband time/frequency into DL transmissions. This would be beneficial when transient conditions require high DL resources and there are no scheduled/pending UL transmissions.
· Option-2: gNB to dynamically indicate additional UL subband resources (in addition to semi-statically configured UL subband resources) when there is a need for urgent UL scheduling (e.g. for low latency services or for UL scheduling a UE with coverage issues)
From our understanding, the functionality of the second option can be accomplished by using first option i.e., network can configure high number of semi-static UL subband occasions initially (to cater for increased UL traffic) and then reduce the number of actual UL subband occasions dynamically using the methodology described in the first option to cater for increase in DL traffic. So, we believe that Option-1 is sufficient for addressing all the use cases to be addressed in Rel-18 for SBFD scheduling. 
Moreover, there was significant discussion in RAN1#112 on validity of DL transmissions outside DL subband for a symbol configured as DL in TDD-UL-DL-ConfigCommon and whether UL (or DL) transmissions can be performed outside UL (or DL) subband for a symbol configured as flexible in TDD-UL-DL-ConfigCommon. Both points are addressing the same issue mentioned above and hence, we provide the following proposal to address the discussion.
[bookmark: _Hlk114777274]Proposal 1: 
· gNB can convert a SBFD symbol configured as DL in the TDD-UL-DL-ConfigCommon dynamically to a DL-only symbol
· An SBFD-aware UE which receives this indication assumes that UL subband is not present in the symbol
· gNB can convert a SBFD symbol configured as F in the TDD-UL-DL-ConfigCommon dynamically to a DL-only or an UL-only symbol
· An SBFD-aware UE which receives this indication assumes that UL subband is not present in the symbol

Another agreement made in RAN1#110-bis is the study of SBFD operation during SSB occasions:

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

Further RAN1#112bis made following progress for SBFD operation during SSB occasions:
Agreement
Study the following options for SBFD operation in SSB symbols.
· Option 1: UL subband cannot be configured in an SSB symbol
· FFS handling of misaligned periodicities between SSB and semi-static SBFD subband time location configuration
· Option 2: An UL subband can be configured in an SSB symbol
· FFS whether/when and/or under which conditions an SBFD-aware UE transmits in the UL subband or may receive SSB in the symbol.

The main argumentative point about the discussion above is whether UE is allowed to perform normal SBFD procedures (e.g. UL transmission) at the same time as SSB occasions. Option-1 assumes that such overlap should not exist and imposes a restriction on gNB to not configure SBFD occasions which overlap with SSB occasions. However, such configuration restriction also leads to lack of proper utilization of SBFD resources which is also captured in the FFS point. Consider the discussion below.

Given that SSB periodicity (20/40ms) is expected to be less frequent than TDD periodicity (<=10ms), if we configure SBFD occasions within tdd-UL-DL-ConfigurationCommon such that they avoid SSB occasions, then we might end up with a significant number of DL slots where we cannot schedule SBFD occasions. Consider the example below:
· SSBs transmitted within a time window of 2ms with repetition of 20ms
· TDD periodicity of 5ms with DDDUU configuration (15kHz SCS)
· In this case, if we try to avoid SSB occasions by using network configuration of SBFD (with same periodicity as TDD), then we end of with only 4ms duration out of 20ms where UL subband can be configured leaving 8ms duration of DL slots which cannot be used for SBFD (refer to figure below)

 [image: ]
Figure 1 SBFD time occasion configuration to avoid SSB occasions.

Above example indicates that DL slots/symbols cannot be fully utilized for SBFD occasions using legacy network configuration. Hence, we need to define mechanisms on how to avoid configuration of SBFD transmissions during SSB occasions but also maximizing the number of available SBFD occasions. Hence using Option-1 has the risk not using SBFD occasions to full advantage.

Even though Option-2 addresses the issue mentioned in Option-1 by allowing configuration of SBFD symbols overlapping with SSB occasions, the major point of contention is whether UE should be allowed to transmit UL when UL transmission partially/fully overlaps with SSB occasions. Allowing UL transmission during SSB symbols require network to understand whether UE monitors a SSB or not during an SSB occasion. However, it is not straightforward to assume that network can properly understand UE behavior for SSB reception. 

In some network implementations, it may be possible for network to determine the occasions where UE tries to receive SSB. This could be the case where network configures intra-frequency measurement gap to UE for SSB measurements. Here, network has an implicit understanding that UE will measure SSB only during measurement gap occasions. However, such type of network implementation is not universally applicable and mandated. Many network implementations still operate without configuration of an intra-frequency measurement gap and may continue to do so in future as well. Hence, it may not always be possible for network to understand the SSB reception occasions clearly. 

Further, allowing UL reception along with SSB transmission may also require complex network implementations where network needs to ensure that there is no change in SSB transmission characteristics between SBFD and non-SBFD symbols. This may be an issue for implementations which use full set of antenna panels for SSB transmission and hence performing SSB transmission during SBFD symbols require change in antenna configuration for SSB transmission and subsequently SSB transmission characteristics. Hence, considering the above set of arguments we are okay to study SBFD operation in SSB symbols, but where UE can perform UL transmission in SSB symbols should be under proper network control. 

Proposal 2:
· An UL subband can be configured in an SSB symbol 
Proposal 3:
· Support gNB to indicate to UE whether UE can use SBFD occasion which partially/full overlaps with SSB occasion for an UL transmission

In RAN1#111, we agreed to support indication of UL/DL subband using common resource blocks as baseline as shown below:

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.


This agreement raises some questions with respect to the operation with multiple BWP operation. For e.g., when UE is configured with different BWPs, then UE will need to determine the DL and UL frequency allocation based on UL/DL subband CRB configuration and individual BWP configuration which is active at UE. For this, we may need to consider different scenarios of subband configuration and how does the configuration translate into different BWP pairs. Consider Figure 2 below for 3 such scenarios. Here, in scenario-1, UL subband is constrained within the middle BWP pair (BWP2), while in scenario-2, UL subband extends beyond the middle BWP (BWP2). The scenario-3 provides the case where each BWP has either UL or DL subband but not both. 

[image: ]
Figure 2 Subband frequency locations wrt configured BWP pairs
From 3GPP standards perspective, each scenario should be studied, and potential resource allocation issues should be resolved. For instance, in scenario-2 and scenario-3, we need to enhance physical layer procedures where UE may perform only UL in legacy DL symbol when the UE is operating in BWP2. In such cases, if DL transmission needs to be performed to UE, then BWP may need to be switched. Further, in scenario-1 and scenario-2, we also need to consider the minimum required subband frequency resource availability in the BWP for the communication in the given subband to be feasible. For e.g., if UL subband resource in BWP1 for scenario-2 is very small (e.g., a few PRBs) then it may not be possible to schedule UL for the UE in UL subband. Ideally, network configuration should avoid such scenario (i.e., available subband frequency resources are a few PRBs within a BWP), however whether any specification support is required for this needs further discussion. 

Proposal 4:
· Study the impact of different subband resource allocation scenarios with respect to multiple BWP configuration to UE

Note that scenario-3 itself covers the aspect of SBFD under multiple BWP operation, which was earlier discussed, in RAN1#110 (as included below), for further study. Our understanding here is that center frequencies for a DL and UL BWP pair are aligned.

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

Support of Multiple Antenna Panels 
RAN1#109e also discussed the concept of multiple antenna panels for SBFD operation. For this it is assumed that a gNB operates with multiple antenna panels. It is argued that during SBFD operation, if separate antenna panels are used for UL receptions and DL transmission at gNB (i.e., one antenna panel for UL and other antenna panel for DL), then it would result in reduced gNB self-interference. The interference is expected to reduce further with greater spatial separation between the antenna panels. Whereas, during normal DL-only or UL-only time occasions, both antenna panels can operate in single transmission direction. We believe that this scheme can provide higher performance gains.
Proposal 5:
· Study application of multiple antenna panels for SBFD operation at gNB, where different antenna panels are used for UL reception and DL transmission by gNB
Considering that many operators and network vendors currently use single antenna panel for NR operation, the concept of antenna elements-based isolation can also be extended for the case of single antenna panel. For e.g., a single antenna panel with L antenna elements can be visualized as 2 separate logical antenna panels with L/2 elements each and then we can use the same set of approaches as used for multiple panels to reach the desired isolation. Although, the feasibility of such a scenario needs to be evaluated in evaluation agenda, but such a mechanism will allow deployment of SBFD with smaller cost.
[image: ]
Figure 3 SBFD operation using single antenna panel
Proposal 6:
· For SBFD slot/symbols, study simultaneous Tx and Rx using different sets of antenna elements belonging to single antenna panel 
There are different mechanisms discussed on how to use different antenna panels for simultaneous Tx and Rx, some of them were captured in evaluation agenda item in RAN1#110 where 3 such options were discussed. Here, we will mainly concentrate on Option-1 which is described below for reference:
SBFD antenna configuration option-1 (same as Opt 1 in RAN1#109 agreement): The total number of antenna elements of the antenna array for SBFD is the same as the total number of antenna elements of the antenna array for legacy TDD. The total number of TxRUs of the antenna array for SBFD is the same as the total number of TxRUs of the antenna array for legacy TDD.
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Figure 4 SBFD antenna configuration option-1
As compared to other options specified in the evaluation study, this option allows utilization of all antenna elements even when gNB is operating in DL-only or UL-only slots/symbols, hence this option seems more efficient.  
[bookmark: _Toc130988109][bookmark: _Toc130988196][bookmark: _Toc130988419]Observation 3 Among different options considered for SBFD operation using multiple antenna panels, Option-1 most efficiently utilizes the available antenna elements.
To support this option, we need to keep in mind that different number of antenna elements are used for DL in DL-only slot/symbol and SBFD slot/symbol and same is also true for UL. Therefore, the transmission parameters (e.g., codebook, channel estimates) are expected to be different between SBFD slots/symbols and UL-only/DL-only slots/symbols. From our understanding, this is a crucial point to be studied in 3GPP as it might impact the CSI-RS transmission and reporting procedures to account for the differences between UL-only/DL-only slots/symbols and SBFD slots/symbols. For e.g. we cannot implicitly assume that channel estimates determined assuming full set of antenna elements in DL-only slots would be equally applicable for SBFD slots/symbols due to reduction in number of antenna elements for SBFD slots/symbols. 
Moreover, there has been similar discussion ongoing for Network Energy Savings (NES) WI, where spatial adaptation configuration is being considered. The rational is to have different set of antenna elements available for different spatial adaptation configuration. This is like what is being discussed for SBFD multi-panel operation, hence similar fundamentals are also applicable (for e.g., CSI-RS enhancements). Hence, it is preferable to also align the discussions as much as possible and identify the difference which should be covered for SBFD.
[bookmark: _Toc130988110][bookmark: _Toc130988197][bookmark: _Toc130988420]Observation 4 Availability of different number of antenna elements between DL-only and SBFD symbols is expected to cause channel estimation issues between the symbol types and hence may require enhancements to CSI-RS configuration and measurements.
Proposal 7:
· Study enhancements on CSI including measurement and report, and signaling to enable SBFD operation using multiple antenna panels
Further, reduction in number of antenna panels during SBFD slots/symbols would also imply that PUSCH/PUCCH decoding performance might suffer as compared to UL-only slots/symbols. This can occur due to variety of reasons (e.g., change in receiving beamforming pattern, reduction in receiving diversity) dependent on how the antenna elements are used in network implementations. Hence, this signifies the requirement to have more robust UL receiving procedures for SBFD slots/symbols as compared to UL-only slots/symbols. One potential solution can be that different power control parameters to be used between SBFD slots/symbols and UL-only slots and symbols to ensure that PUSCH/PUCCH performance remains stable irrespective of the slot/symbol type.
[bookmark: _Toc130988111][bookmark: _Toc130988198][bookmark: _Toc130988421]Observation 5 Availability of different number of antenna elements between UL-only and SBFD symbols is expected to cause gNB receive power difference for UL transmissions between the two symbol types and hence UL power control mechanism should be studied for SBFD.
Proposal 8:
· Study different power control parameters between SBFD and non-SBFD symbols to improve UL reception performance during SBFD symbols
Timing Alignment Issues for SBFD
In legacy TDD system, a UE is provided a cell-specific TA offset NTA,offset. It can be provided in SIB1 and if not, UE assumes TA offset of 25600Tc or 39936Tc defined in Table 7.1.2-2 in 38.133. The cell-specific TA offset is used to reserve enough time for UL/DL switching as illustrated below in Figure 5.
 
[image: ]
[bookmark: _Ref130987080]Figure 5 Cell specific TA offset operation in NR

For SBFD symbols, if UE applies this TA offset value, then it will cause inter-symbol/inter-slot interference as shown in below figure. To address this issue, several companies have indicated configuring TA offset as 0 for UL transmission performed during SBFD symbols. However, as shown in ‘b’ of Figure 6, we can see that keeping 0 TA offset also does not solve the problem as it allows no margin for transition from UL to DL for the gNB. Hence, to solve this problem, there is a need to provide a guard period after UL transmission in an SBFD symbol (in addition to keeping TA offset as 0) to allow sufficient margin time for gNB to switch its RF components from UL to DL appropriately.
[bookmark: _Toc130988112][bookmark: _Toc130988199][bookmark: _Toc130988422]Observation 6 Even if timing alignment offset for UL transmission is set as 0 for the UL transmissions in the SBFD symbol, gNB may not get sufficient margin to switch from UL in SBFD to DL in the next symbol.
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[bookmark: _Ref130987107]Figure 6 Different scenarios for TA offset for SBFD

Proposal 9:
· Study SBFD specific timing alignment offset to mitigate inter-symbol interference
· A guard period may need to be defined after the end of UL transmission in an SBFD symbol to allow sufficient margin time for gNB to switch from UL to DL
Impact on Physical Layer Procedures due to SBFD
2.4.1 Semi-static physical channels/signal
In existing NR specification, UEs assume that entire cell/BWP bandwidth is available for either UL or DL transmission direction during TDD UL/DL slots indicated. However, this assumption is not valid for the case of SBFD where the cell bandwidth is split into UL and DL sub-bands in RB-set based SBFD operation. For any dynamic transmission e.g., PDSCH/PUSCH, gNB can appropriately allocate resource in the DL or UL sub-band based on existing procedure and there is not expected to be any conflict in receiving/transmitting these channels. However, for the case of semi-static physical channels (like CSI-RS/PUCCH/SRS), existing procedures (rate matching/puncturing/pre-emption) are not sufficiently suitable to avoid conflicts where UL (or DL) is performed by UE within DL (or UL) sub-band.
[bookmark: _Toc130988113][bookmark: _Toc130988200][bookmark: _Toc130988423]Observation 7 For semi-static physical channels following conflicts may occur during SBFD time/frequency resources: 
a) UE may try to receive DL receptions (e.g., CSI-RS) within UL sub-bands resulting in incorrect channel estimation or reduced DL performance; 
b) UE may try to perform UL transmissions (e.g., SRS) within DL sub-bands resulting in increased interference to nearby UE receiving DL
Current semi-static procedures for FDRA may not work to address the above conflict for the case when same transmission resource (e.g., CG/CSI-RS/SRS) can occur either in SBFD slots/symbols or in legacy UL-only/DL-only slots/symbols because of different radio resource available between the slot/symbol types. And we should not rely on dynamic pre-emption indications due to frequent occurrences of SBFD slot/symbol types. 
There was discussion in RAN#112 whether for some of these configured transmissions, the transmissions should be restricted to SBFD symbols or non-SBFD symbols only or whether transmissions should be allowed to be performed in both SBFD and non-SBFD symbols. Please see the relevant discussion below for reference:
Agreement:
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols)
· Study the following options for SBFD-aware UEs:
· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols include the following:
· PDSCH/PUSCH/PUCCH repetitions
· SPS PDSCH/CG PUSCH
· TBoMS
· Multi-PUSCH/PDSCH scheduled by a single DCI
· Periodic/semi-persistent SRS/CSI-RS/PUCCH
· PDCCH
Given that SBFD operation (once implemented) shall occupy significant proportion of the slots/symbols, hence if certain configured transmissions (like CSI-RS, SRS, PUCCH) are only restricted to certain slots/symbol types then we would not be utilizing these channels and SBFDS properly. Consider the case slots format DXXXU and if PUCCH is only allowed to be transmitted to UL-only symbols then we are not properly utilizing the SBFD potential. Hence, our preference is to allow transmission/reception of configured channels to both SBFD and non-SBFD symbols.
Proposal 10:
· For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols)
· For SBFD-aware UEs, the transmissions/receptions can be in SBFD symbols and non-SBFD symbols

Further to support such procedure without causing any conflicts, we need to support the mechanism of SBFD specific radio resource configuration. That is, such channels/signals use one set of frequency resources when using UL-only/DL-only slots/symbols and use a second set of frequency resources for SBFD slots/symbols. The need for such enhancement becomes even more prudent considering that we may eventually agree on dynamic update of slot/symbol type between SBFD and DL-only and hence physical channels/signals should use appropriate configuration based on slot/symbol type. 
Proposal 11:
· Study support of 2-set of frequency resource configurations for semi-static UL/DL channels/signals where the first set is used during UL-only/DL-only slots/symbols and the second set is used for SBFD slots/symbols. Semi-static UL/DL channels/signals include at least:
· CSI-RS
· PUCCH
· SRS
· Configured grant and SPS
2.4.2 PUSCH/PDSCH transmission
Similar issue is also applicable for the case of multi-slot PUSCH/PDSCH transmission which span both SBFD slots(s)/symbol(s) and DL-only/UL-only slot(s)/symbol(s). Here, the multi-slot PUSCH/PDSCH transmission includes the PUSCH/PDSCH repetition transmission and one DCI scheduling multiple PUSCH/PDSCH transmission and TBoMS cases. For multi-slot PUSCHs scheduled by single DCI, UE determines whether the corresponding PUSCH is transmitted based on the time domain resource allocation of the PUSCH and TDD configuration. In case the PUSCH overlaps with invalid symbol, e.g., DL symbol configured by tdd-UL-DL-ConfigurationCommon/tdd-UL-DL-ConfigurationDedicated, the PUSCH transmission is cancelled. If subband non-overlapping full duplex is configured, as shown in the figure below, when multiple PUSCHs scheduled by a single DCI are indicated to be transmitted cross symbols/slots with different duplex type, e.g., UL symbols/slot only and SBFD symbols/slot with UL sub-band, how to perform the UL transmission should be clarified. This issue has also been agreed to study in RAN1#111.
[image: ]
Figure 7 Example for UL transmission scheduled on SBFD symbol with UL sub-band
Given that SBFD is mainly introduced to improve the UL coverage aspects and hence it is important that we allow multi-slot PUSCH to use the SBFD slots for UL transmission even if the span of multi-slot PUSCH may contain both UL-only and SBFD slots. However, to not introduce any complex behaviors, it should be under network’s control whether UL transmission for a multi-slot PUSCH can also be performed during SBFD slots or not. 
Proposal 12:
· Multi-slot PUSCH/PDSCH spanning SBFD and UL-only/DL-only slots can be transmitted on both SBFD slots and UL-only/DL-only slots
· Additional network control signaling is required to indicate UE to drop or postpone the PUSCH/PDSCH transmission if the scheduled RBs overlap with frequency resources outside the UL/DL subband 
Another aspect which needs to be discussed for SBFD is how to perform FDRA for various UL and DL channels. Currently, Type-1 PDSCH and CORESET frequency configuration can have the optional functionality of interleaving of frequency resources, while PUSCH allows for frequency hopping mechanism. Both set of procedures are crucial for robust network operation as they ensure necessary diversity in transmission/reception and this improving radio performance. We think that these procedures should be equally applicable to SBFD operation as well. However, given that interleaving and frequency hopping procedure can result in allocation of frequency resources which fall outside the intended subband (UL or DL) resource configuration, we need to define enhanced mechanism on how these procedures can work properly within SBFD slots/symbols. 
Given that RAN1#112 already made an agreement to study frequency hopping mechanism for SBFD, we think that frequency interleaving mechanism should also be discussed.
Proposal 13:
· Study how to support frequency interleaving procedures for PDSCH and CORESET for SBFD slots/symbols
One option considered during RAN1#112 is to configure an offset value specific for SBFD symbols. However, even with considering different offset based enhancements, it is still possible that the frequency resources selected for UL transmission may fall outside the UL subband bandwidth. Consider the RSstart calculation for intra-slot frequencybelow defined in TS 38.214. Similar calculation is also applicable for inter-slot hopping.
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If we follow the same calculation for SBFD operation, then (RBstart +RBoffset) mode NBWP can still fall outside the UL subband bandwidth as shown in Figure 4 irrespective of value chosen for frequency offset value. Hence, even with frequency offset enhancement there would still be a need to 
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Figure 8 Frequency hoppping issues for SBFD
One potential way to address this by configuring an RB offset if the frequency allocation or hopping fall into the other subband resource or has some frequency overlapping with the other subband. Other option is to update the calculation of RBstart to also consider the UL subband bandwidth size.
Proposal 14:
· Study enhancements to frequency hopping offset and starting RB calculation for performing UL transmission in an SBFD symbol

2.4.3 PDCCH/CORESET
The frequency allocation issues are also applicable for CORESET configuration. Although, CORESET configuration in NR is flexible where network can configure the frequency resources to be used for a CORESET, there is still a need for enhancement in CORESET frequency allocation for the case of SBFD. In absence of any CORESET frequency allocation enhancements, network vendor will always need to configure the CORESET frequency resources within the DL subband portion to avoid CORESET overlap with the UL subband in SBFD slots/symbols. This is inefficient as network will not be able to utilize the frequency resources within the UL subband potion during non-SBFD slots hence reducing the PDCCH capacity. From our understanding, we can increase CORESET efficiency by keeping SBFD specific and non-SBFD specific CORESET configuration at the same time such that UE selects the CORESET frequency resources depending on the symbol type. For example,  two CORESET/SS groups/sets can be configured for a UE, and a new parameter, such as CORESETGroupIdList  can give a list of CORESET/SS for each CORESET/SS group, and the CORESET/SS in the first CORESET/SS group with the allocated frequency resource can overlap with the UL subband and guardband, and the CORESET/SS in the second CORESET/SS group with the allocated frequency resource cannot overlapped with the UL subband and guardband, and UE can switch or adapt the PDCCH monitoring  based on the DCI indication or based on whether the symbols is SBFD symbols or not.
[bookmark: _Hlk126674951]Proposal 15:
· Support of separate frequency resource configurations for CORESET in SBFD symbols and in non-SBFD symbols for UE specific search space 
However, such enhancements may not be applicable for CORESETs associated with common search space which is shared with legacy UEs. For such CORESETs, we can only rely on Rel-17 CORESET configuration and may need to specify behavior from network/UE side to configure CORESET resources during SBFD operation. A simpler solution would be to restrict the network configuration such that CORESET associated with common search space are always configured within the DL subband.
Proposal 16:
· SBFD-aware UEs do not expect the CORESET associated with common search space to have resources outside the DL subband in an SBFD symbol.
2.4.4 PUCCH
For PUCCH, how to configure the PUCCH resource not overlapping with DL subband in SBFD symbols should also be discussed. And how to ensure the frequency hopping does not overlap with DL subband can also be studied if inter/intra slot frequency hopping is also supported for SBFD. There are two options for PUCCH configuration for SBFD symbols.
Option1: The configured PUCCH resource set and PUCCH resource list in each set is common or shared between SBFD symbols and non-SBFD symbols, and additional configurations (such as power control, FDRA, PHY priority, spatialRelationInfo) or offset parameters are added for each PUCCH resource ID used for PUCCH transmission on SBFD symbols.
Option 2: A special PUCCH resource set, such as PUCCH-ResourceSet-SBFD can be configured for the SBFD aware UE, and a list of PUCCH resource are included in this set for UE to determine the PUCCH resource on the SBFD symbols.
For option 2, if separate PUCCH resource is configured for SBFD symbols, then some enhancement for the UCI multiplexing and HARQ-ACK codebook generation can also be considered for SBFD symbols. Therefore, further study or evaluation are needed to determine which option is adopted for PUCCH configuration in SBFD symbols.
Besides, for PUCCH repetition transmission, two allocation parameters set (including TPC, PRI, and beam) can be included in the DCI/RRC for PUCCH transmission on SBFD symbols and non-SBFD symbols, otherwise some defer or dropping rule should be defined if the SBFD resource is not available or overlapped with DL subband for the duration of the PUCCH repetition transmission.
Proposal 17:
· If separate PUCCH resource is configured for SBFD symbols, the following aspects should be studied.
· UCI multiplexing and HARQ-ACK codebook generation 
2.4.5 CSI-RS
For CSI-RS, there are two set of issues being discussed in 3GPP, one is related to CSI-RS frequency configuration considering UL subband frequency resources and other is related to CSI report transmission during SBFD operation.
For CSI-RS resource configuration, the argument is that due to UL subband placement, a set of frequency resources are not available for CSI-RS resources, but UEs assume that CSI-RS resources are continuous in frequency domain. To address this problem, two options are being discussed: 
· Option 1: Two contiguous CSI-RS resources that are linked
· Option 2: One CSI-RS resource
· Option 2-1: Non-contiguous CSI-RS resource allocation
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s)
Having one CSI-RS resource for the two DL subbands avoids the complicated discussion of number of CSI-RS resources that UE can support measuring whose rules would need to be updated based on whether SBFD operation is running. Hence, we support Option-2 to make the discussion simple. Also, between Option-2-1 and Option-2-2, we have a slight preference towards Option-2-2 as the UE would be expected to be aware of DL subband frequency resources and hence it can autonomously determine the valid CSI-RS resources based on legacy CSI-RS resource configuration and configuration of UL/DL subband. 
Proposal 18:
· Support one contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) as baseline
Further, for CSI report, the CSI/PMI values included within the CSI report, when the corresponding measurement was performed during SBFD symbol, should only include the measurements corresponding to DL subband resources to reduce CSI report overhead. Hence, UE should transmit the CSI report by removing any entries corresponding to the UL subband when CSI measurement if performed during SBFD symbols. If UE and gNB are in sync on SBFD symbol location, we have an understanding that gNB would be aware of the CSI transmitted by the UE and hence no other enhancement would be required.
Proposal 19:
· UE should only include the reporting quantities (e.g. CSI/PMI) associated with the DL subband resources when the corresponding CSI measurement are performed during SBFD symbol
2.4.6	SBFD operation for initial access
It has been agreed to study SBFD operation for RRC_CONNECTED state, and whether to support SBFD operation in RRC_IDLE and RRC_INACTIVE states such as supporting the SBFD operation for initial access are still being discussed. For this issue, we also observe that SBFD operation for initial access (e.g., 4-step or 2-step RACH) may offer some potential benefits. For example, if PRACH and PUSCH for msg3/msgA transmitted on the UL subband in the SBFD symbols, then the RACH capacity can be increased and the initial access latency can be reduced. Besides, if the PRACH and PUSCH for msg3/msgA repetition transmission can cross the SBFD symbols and non-SBFD symbols, then the UL coverage can be improved. Therefore, we propose to study potential enhancement of initial access for SBFD operation. The study include at least the following aspects.

· How to configure the RO on SBFD symbols and how to determine the validity of the RO.
· The association relationship between SSB index and the RO in SBFD symbols.
· Power ramping for the PRACH re-transmission on the SBFD symbols.
· Msg3 PUSCH frequency hopping.
· PRACH/PUSCH repetition transmission across SBFD symbols and non-SBFD symbols.

Proposal 20:
· Study potential enhancements of initial access for SBFD operation.
2.4.7 Other aspects
Lastly, we also need to study the UE behavior for SBFD slots/symbols, where UE can potentially receive both UL as well as DL transmissions. For example, the UE may be scheduled with CSI-RS resource in the time occasion where it is also scheduled a PUSCH using DCI. Note that many conflicts like these can be addressed using careful network configurations, but there may be some scenarios specifically where a configured DL (or UL) transmission can conflict with DCI scheduled UL (or DL) transmission. We need to at least identify these scenarios and specify UE behavior to resolve these conflicts properly.
Proposal 21:
· Identify the scenarios for UE where configured DL (or UL) transmissions may conflict with dynamic DCI scheduled UL (or DL) transmissions and specify UE behavior to resolve such conflicts.
CLI Impacts for sub-band non-overlapping full duplex operation
In NR Rel-16, CLI handling, and RIM were introduced for interference management. While for SBFD, different interference issues may occur. For example, for a cell with SBFD, cross link interference between UEs using different subbands in a cell may happen, which has not been handled in prior studies. We need to study different mechanisms on how to address these interference issues based on frequency isolation or using enhanced interference measurement mechanism or using intelligent scheduling decisions (e.g. UL and DL UEs to be scheduled in different beams). 

Further, there is an issue for self-interference at gNB arising from DL transmission from the gNB interfering with its UL receptions in adjacent sub-band. This is mainly arising due to significant power difference between DL and UL near gNB which is likely to degrade the gNB’s receiver sensitivity. There is a need to study whether available self-interference mitigation techniques at gNB are sufficient to resolve this interference issue or any standard based changes are required for enabling efficient interference management.

In addition, when gNB with SBFD mode and another gNB with DL-dominated TDD configuration are adjacently deployed for different application scenarios, there may be cross link interference from gNB #2 to gNB #1, as shown in the figure. To achieve the benefits of sub-band non-overlapping full duplex, the inter-UE CLI in a cell and inter-gNB CLI should be studied in Rel-18 and mechanisms need to be identified to mitigate the interference. When gNB #1 with sub-band full duplex mode is deployed in a factory for URLLC service, while gNB #2 with DL-dominant TDD configuration is deployed outside the factory for eMBB service, considering the requirements of different services are different, the traffic characteristics served by gNBs should be taken into the interference management to improve system performance.     
[bookmark: _Toc130988114][bookmark: _Toc130988201][bookmark: _Toc130988424]Observation 8 Following interference scenarios are possible for sub-band non-overlapping full duplex operation: 
a) CLI between UEs of same cell i.e. UL transmission of one UE interfering with the DL reception of nearby UE
b) gNB experiencing interference in UL reception due to its DL transmission in adjacent sub-band
c) gNB experiencing interference in UL reception due to DL transmission from nearby gNB
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Figure 9 Example for CLI between gNBs with different duplex modes

Proposal 22:
· In Rel-18, for sub-band non-overlapping full duplex at the gNB side, study interference management for 
· inter-UE CLI in a cell
· self-interference management for gNB 
· inter-gNB CLI  

Proposal 23:
· In Rel-18, for sub-band non-overlapping full duplex at the gNB side, traffic characteristics served by gNBs should be taken into the interference management.     

Also, to mitigate CLI effectively for gNB-gNB CLI, it is beneficial to study information exchange between gNBs. There are already discussions for dynamic TDD which are based on assumption that coordinated scheduling is possible if gNBs are aware of contentious slots/symbols. While in semi-static case, nearby gNBs shall support common SBFD configuration but given that 3GPP is discussing different aspects of dynamic SBFD scheduling (e.g., by DL transmission in UL subband or dynamic UL subband scheduling), there are expected to be frequent cases where we observe co-subband gNB DL to gNB UL CLI. 
In such cases, CLI can be properly mitigated if gNBs share between each other the SBFD configuration used by each of the gNBs. This can be used to identify the slots/symbols and frequency resources where interference is likely to deteriorate the radio performance and take appropriate action based on the mechanisms being considered in dynamic TDD section. 
Proposal 24:
· For inter-gNB CLI mitigation, gNBs exchange with each other the UL subband frequency resource configuration and SBFD time occasions

For inter-subband CLI, besides the guardband configuration to suppress the CLI, some measurement and reporting scheme like for the case of intra-subband CLI can also be studied. Besides, as the inter-subband CLI is non-uniform, i.e., CLI is stronger at the edge of the subband that is adjacent to another subband and weaker for RBs that are further away from an adjacent subband, different measured bandwidths can be adopted for different frequency area to mitigate or suppress the CLI.
Furthermore, UE-to-UE inter/intra subband CLI measurement report size for SBFD operation can also be studied. For example, for subband CSI-RS e.g., RSRP/RSSI/SINR report, the size of the report subband can equal to the configured SBFD subband size. Or RB set based CLI-CSI report can be considered to report the inter-subband CLI for different RB set in the DL subband for help gNB to determine the schedule bandwidth for PDSCH. Wherein, the RB set size for the RB set based CLI report can be configured based on the DL subband size. Moreover, different type of CLI-CSI report can be defined for intra-cell inter-subband UL-DL interference, the inter-cell inter-subband UL-DL interference and the inter-cell intra-subband UL-DL interference, and the report bit sequence in the UCI with the priority rules for mapping should be defined.
Proposal 25:
· Study the CSI report size enhancement for SBFD operation and different type of CLI interference
· Consider the non-uniform CLI bandwidth in inter-subband CLI measurement/report 
3. Conclusion 
In this contribution, we discussed SBFD for NR duplex operation. Observation and Proposals are summarized as following: 
Observation 1 Full duplex operation can be currently achieved in NR by providing different tdd-UL-DL-ConfigurationDedicated or SFI to different UEs in a cell, however, higher DL/UL performance gains are expected if UEs are indicated of SBFD time/frequency resources
Observation 2 Dynamic configuration of SBFD slots/symbols is beneficial for improving network performance when considering dynamic DL/UL traffic requirements
Observation 3 Among different options considered for SBFD operation using multiple antenna panels, Option-1 most efficiently utilizes the available antenna elements.
Observation 4 Availability of different number of antenna elements between DL-only and SBFD symbols is expected to cause channel estimation issues between the symbol types and hence may require enhancements to CSI-RS configuration and measurements.
Observation 5 Availability of different number of antenna elements between UL-only and SBFD symbols is expected to cause gNB receive power difference for UL transmissions between the two symbol types and hence UL power control mechanism should be studied for SBFD.
Observation 6 Even if timing alignment offset for UL transmission is set as 0 for the UL transmissions in the SBFD symbol, gNB may not get sufficient margin to switch from UL in SBFD to DL in the next symbol.
Observation 7 For semi-static physical channels following conflicts may occur during SBFD time/frequency resources: a) UE may try to receive DL receptions (e.g., CSI-RS) within UL sub-bands resulting in incorrect channel estimation or reduced DL performance; b) UE may try to perform UL transmissions (e.g., SRS) within DL sub-bands resulting in increased interference to nearby UE receiving DL
Observation 8 Following interference scenarios are possible for sub-band non-overlapping full duplex operation:  a) CLI between UEs of same cell i.e. UL transmission of one UE interfering with the DL reception of nearby UE b) gNB experiencing interference in UL reception due to its DL transmission in adjacent sub-band c) gNB experiencing interference in UL reception due to DL transmission from nearby gNB

Proposal 1: 
· gNB can convert a SBFD symbol configured as DL in the TDD-UL-DL-ConfigCommon dynamically to a DL-only symbol
· An SBFD-aware UE which receives this indication assumes that UL subband is not present in the symbol
· gNB can convert a SBFD symbol configured as F in the TDD-UL-DL-ConfigCommon dynamically to a DL-only or an UL-only symbol
· An SBFD-aware UE which receives this indication assumes that UL subband is not present in the symbol
Proposal 2:
· An UL subband can be configured in an SSB symbol 
Proposal 3:
· Allow gNB to indicate to UE whether UE can use SBFD occasion which partially/full overlaps with SSB occasion for an UL transmission
Proposal 4:
· Study the impact of different subband resource allocation scenarios with respect to multiple BWP configuration to UE
Proposal 5:
· Study application of multiple antenna panels for SBFD operation at gNB, where different antenna panels are used for UL reception and DL transmission by gNB
Proposal 6:
· For SBFD slot/symbols, study simultaneous Tx and Rx using different sets of antenna elements belonging to single antenna panel 
Proposal 7:
· Study enhancements on CSI including measurement and report, and signaling to enable SBFD operation using multiple antenna panels
Proposal 8:
· Study different power control parameters between SBFD and non-SBFD symbols to improve UL reception performance during SBFD symbols
Proposal 9:
· Study SBFD specific timing alignment offset to mitigate inter-symbol interference
· A guard period may need to be defined after the end of UL transmission in an SBFD symbol to allow sufficient margin time for gNB to switch from UL to DL
Proposal 10:
· For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols)
· For SBFD-aware UEs, the transmissions/receptions can be in SBFD symbols and non-SBFD symbols
Proposal 11:
· Study support of 2-set of frequency resource configurations for semi-static UL/DL channels/signals where the first set is used during UL-only/DL-only slots/symbols and the second set is used for SBFD slots/symbols. Semi-static UL/DL channels/signals include at least:
· CSI-RS
· PUCCH
· SRS
· Configured grant and SPS
Proposal 12:
· Multi-slot PUSCH/PDSCH spanning SBFD and UL-only/DL-only slots can be transmitted on both SBFD slots and UL-only/DL-only slots
· Additional network control signaling is required to indicate UE to drop or postpone the PUSCH/PDSCH transmission if the scheduled RBs overlap with frequency resources outside the UL/DL subband 
Proposal 13:
· Study how to support frequency interleaving procedures for PDSCH and CORESET for SBFD slots/symbols
Proposal 14:
· Study enhancements to frequency hopping offset and starting RB calculation for performing UL transmission in an SBFD symbol
Proposal 15:
· Support of separate frequency resource configurations for CORESET in SBFD symbols and in non-SBFD symbols for UE specific search space
Proposal 16:
· SBFD-aware UEs do not expect the CORESET associated with common search space to have resources outside the DL subband in an SBFD symbol.
Proposal 17:
· If separate PUCCH resource is configured for SBFD symbols, the following aspects should be studied.
· UCI multiplexing and HARQ-ACK codebook generation 
Proposal 18:
· Support one contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) as baseline
Proposal 19:
· UE should only include the reporting quantities (e.g. CSI/PMI) associated with the DL subband resources when the corresponding CSI measurement are performed during SBFD symbol
Proposal 20:
· Study potential enhancement of initial access for SBFD operation.
Proposal 21:
· Identify the scenarios for UE where configured DL (or UL) transmissions may conflict with dynamic DCI scheduled UL (or DL) transmissions and specify UE behavior to resolve such conflicts.
Proposal 22:
· In Rel-18, for sub-band non-overlapping full duplex at the gNB side, study interference management for 
· inter-UE CLI in a cell
· self-interference management for gNB 
· inter-gNB CLI  
Proposal 23:
· In Rel-18, for sub-band non-overlapping full duplex at the gNB side, traffic characteristics served by gNBs should be taken into the interference management.     
Proposal 24:
· For inter-gNB CLI mitigation, gNBs exchange with each other the UL subband frequency resource configuration and SBFD time occasions
Proposal 25:
· Study the CSI report size enhancement for SBFD operation and different type of CLI interference
· Consider the non-uniform CLI bandwidth in inter-subband CLI measurement/report 
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5. Previous Agreements
RAN1#112-bis-e
	Conclusion
The following RAN1 observation is made:
One motivation for allowing that a slot can consist of both SBFD and non-SBFD symbols is for compatibility with symbol-level TDD UL/DL configuration.
Frequent switching between SBFD and non-SBFD symbols may increase the implementation complexity and interruptions of transmissions/receptions during transition. 
· Further study whether limitation(s) on the maximum number of switching points between SBFD and non-SBFD symbols within a slot, a TDD UL/DL pattern period, and/or semi-static SBFD configuration period (if different from TDD UL/DL pattern period) are needed
· Further study scenarios a guard period between SBFD and non-SBFD symbols is required/not required and the length of the guard period if required
Note: Whether or not a physical channel/signal occasion is mapped to both SBFD and non-SBFD symbols within a slot is a separate discussion.
Agreement
At least for semi-static SBFD, the following two options are viable solutions for frequency location configuration of DL subband(s) and guardband(s) if any.
· Option 1: Frequency locations of DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s). 
· Option 2: The number of RBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).
Agreement
If PRG is determined as wideband, study the following two options:
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
· FFS: Precoding assumption within and across the two DL subbands
· Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
The study should include the impact on UE complexity
Agreement (modified on April 26th as shown in red)
For UE-to-UE CLI-RSSI measurement/report across downlink subbands, study the following methods:
· Method#1: separate CLI-RSSI measurement resources/reports in each DL subband
· Note: supported in existing specifications
· Method#2: CLI-RSSI measure/report in one DL subband only
· Note: supported in existing specifications
· Method#3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
· FFS: report single or separate CLI-RSSI report(s) 
· FFS: details on determination of non-contiguous CLI-RSSI resource allocation 
Agreement:
For SBFD-aware UEs, Option 1 with update is agreed for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands for better resource utilization. 
For an RBG that overlaps the subband boundary,
· Option 1 (with update): 
· The Part of the DL RBG inside the DL subband can be used
· The Part of the UL RBG inside the UL subband can be used
Agreement
For semi-static SBFD, a SBFD aware UE does not transmit UL channels/signals or receive DL channels/signals on the guardband(s) that the UE is aware of.
· FFS: Measurement in guardband for the purpose of CLI measurement.
Agreement
For semi-static SBFD, for a CSI-RS resource which overlaps with SBFD subband boundaries, only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE.
· For semi-static SBFD, for a CSI reporting subband which overlaps with SBFD subband boundaries, CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s).
Conclusion
For the two options agreed in RAN1#112 for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), the following observations are agreed.
· Option 1 can be achieved by gNB configuration or scheduling to ensure that all transmission/reception occasions are confined to either SBFD symbols or non-SBFD symbols. Alternatively, Option 1 can be achieved by additional indication or rules to determine the transmission/reception occasions are valid within one symbol type and are invalid within the other symbol type.
· The frequency resources, power control and beam/spatial relation for all the transmission/reception occasions can be the same for Option 1 but may be different for Option 2. If different, it may require additional specification efforts.
· Option 1 may or may not increase the transmission/reception latency if the transmission/reception in the other symbol type is postponed and may degrade the performance if the transmission/reception in the other symbol type is dropped. Option 2 may or may not reduce the transmission/reception latency and improve coverage.
Agreement
For inter-UE inter-subband CLI measurement, study Method#2 and Method#3 considering:
· Necessity/benefit compared with measurement within DL subband
· Whether/how to estimate CLI from RSRP/RSSI measurements within UL subband / guardband
· Whether UE is required to measure RSRP/RSSI within UL subband and receive DL in DL subband(s) simultaneously
· Whether existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband
· If not, identify the potential impact
Conclusion
Time misalignment at gNB between UL receptions and DL transmissions due to configuration of non-zero NTA,offset at UE can lead to increased interference assuming no gNB transmit chain side impairments and no filtering of DL subband(s) in the gNB Rx chain.
· FFS the case with gNB transmit chain impairments and/or filtering of DL subband(s) in the gNB Rx chain
· FFS whether/how to mitigate the interference increase, including impact to legacy UEs
Agreement
Study the following options for SBFD operation in SSB symbols.
· Option 1: UL subband cannot be configured in an SSB symbol
· FFS handling of misaligned periodicities between SSB and semi-static SBFD subband time location configuration
· Option 2: An UL subband can be configured in an SSB symbol
· FFS whether/when and/or under which conditions an SBFD-aware UE transmits in the UL subband or may receive SSB in the symbol.
Agreement
Study whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE, and whether a UE can transmit/receive in the occasion mapped to SBFD symbols and non-SBFD symbols including:
· Use-case(s) including the locations and number of switching points of the SBFD and non-SBFD symbols in the slot.
· Potential benefits if any
· Phase continuity
· Potential interruption of transmissions/receptions during transition
· Required guard time if any
· Potential impact on performance
· Impact on link adaptation, channel estimation, and other procedures
· UL transmission timing if any
· Implementation complexity
· Applicability for SBFD aware UE and non-SBFD aware UEs
· NOTE: There are more than one scenario where a transmission overlaps SBFD and non-SBFD symbols and some may or may not face the aspects listed above
· NOTE: This study doesn’t mean RAN1 agreement on a slot consisting of SBFD and non-SBFD symbols. 
Conclusion
For the options agreed to study in RAN1#112 for frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, the following observations are agreed.
· For all the options, there is no impact on CSI-RS sequence generation.
· Option 1 requires additional signalling to link two CSI-RS resources in two DL subbands. 
· Option 2-1 requires new RRC structure to configure non-contiguous RBs for one CSI-RS resource, which may require additional signalling overhead. 
· Option 2-2 can reuse the existing signalling design for CSI-RS resource configuration. Option 2-2 can be used to resolve the potential unaligned boundaries between CSI-RS resource configuration and SBFD subbands
· Further discussion is required on the UE complexity due to:
· UE capability of maximum number of configured CSI-RS resources
· Processing non-contiguous CSI-RS
Agreement
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity is such that CSI-RS instances occur in both SBFD and non-SBFD symbols:
· Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
· Option 1-1: One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only;
· Option 1-2: Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
· Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
· Option 2-1: One CSI-ReportConfig is associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively. Separate CSI measurements are derived based on the first and second CSI-RSs respectively.
· Option 2-2: One CSI-ReportConfig is associated with one CSI-RS. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances.
· FFS impact on UE CSI processing and reporting timeline
Note: Whether the CSI-RS resource can be used for SBFD and non-SBFD symbols may depend on, e.g., gNB implementation of same/different antenna configuration in both symbols. 
Option 1-1 can be supported according to existing specification by gNB configuration of appropriate periodicities to ensure that the CSI-RS associated with each CSI-ReportConfig is confined to either SBFD symbols or non-SBFD symbols only. But it may restrict the gNB configuration flexibility and enhancements can be considered by additional indication or rules to determine the CSI-RS is valid within one symbol type and is invalid in the other symbol type.
Option 2-2 can be supported according to existing specification to configure measurement restriction so that UE would not average CSI measurements across SBFD and non-SBFD symbols.
Agreement
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), if the transmissions/receptions can be in SBFD symbols and non-SBFD symbols with different available resources, study at least the following frequency resource allocation options for PDSCH, CSI-RS, PUSCH, PUCCH, SRS for SBFD-aware UE:
· Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 
· Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots
· Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 
· Option 1-3: single FDRA configuration/indication and RB offset(s)
· Option 2: Perform rate matching or puncturing on the RBs outside DL/UL subbands for DL/UL channels/signals. 
· Option 3: A DL/UL channel/signal overlapping with RBs outside DL/UL subbands in a SBFD slot is dropped or postponed.
Note: Different options can be studied for different signals/channels.
Agreement
For the case that: 
1. The monitoring periodicity of a search space is such that different monitoring occasions in different slots occur in SBFD and non-SBFD symbols, respectively, and,
1. The associated CORESET overlaps the boundary of a DL subband in SBFD symbols
Consider whether/how the above could be supported considering both existing tools in specifications on CORESET and search space configuration as well as at least the following options for potential enhancement for SBFD-aware UE:
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
· Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
Note: Whether these enhancements are applicable to only USS or also CSS.



RAN1#112
	Agreement
For dynamic SBFD,
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in the symbol configured as flexible in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· UL transmissions outside the semi-statically configured UL subbands are not allowed
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed
· UL transmissions outside the semi-statically configured UL subbands are allowed
Dynamic SBFD should be compared with dynamic TDD and/or semi-static SBFD in terms of performance, implementation complexity, switching latency.
For each option, additional conditions may apply to determine whether the option is applicable.
Agreement
Study whether or not a slot can consist of both SBFD and non-SBFD symbols including
· Benefits
· Use cases
· Scheduling flexibility
· Implementation complexity 
· Compatibility with legacy TDD DL/UL configuration
Agreement
For inter-UE inter-subband CLI measurement, study at least the following methods:
· Method#1: victim UE measures RSSI within DL subband
· FFS: Whether SINR can be measured
· Method#2: victim UE measures RSRP of aggressor UE within UL subband
· Method#3: victim UE measures RSSI within UL subband 
· Note: the restriction in Rel-16 that CLI is only measured within DL BWP does not forbid UE to measure CLI in UL subband when UL subband is confined within DL BWP.
Agreement:
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols)
· Study the following options for SBFD-aware UEs:
· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols include the following:
· PDSCH/PUSCH/PUCCH repetitions
· SPS PDSCH/CG PUSCH
· TBoMS
· Multi-PUSCH/PDSCH scheduled by a single DCI
· Periodic/semi-persistent SRS/CSI-RS/PUCCH
· PDCCH
Agreement
For SBFD-aware UEs, study the at least following options for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands. For an RBG that overlaps the subband boundary,
· Option 1: 
· Part of the DL RBG inside the DL subband can be used
· Part of the UL RBG inside the UL subband can be used
· Option 2: 
· Part of the DL RBG inside the DL subband cannot be used
· Part of the UL RBG inside the UL subband cannot be used
FFS: The part of the RBG outside.
Agreement
For SBFD-aware UEs, study at least the following issues for PDSCH:
· PRG(s) with size of 2 and 4 that overlaps with subband boundary 
· Wideband precoder in case of non-contiguous DL subbands
Agreement:
Study the frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs considering the following options:
· Option 1: Two contiguous CSI-RS resources that are linked
· Option 2: One CSI-RS resource
· Option 2-1: Non-contiguous CSI-RS resource allocation
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) 
Agreement:
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS, at least, across SBFD symbols and non-SBFD symbols in different slots (each CSI-RS resource within a slot has either all SBFD or all non-SBFD symbols):
· Option 1: separate CSI reporting for SBFD symbols and non-SBFD symbols
· Option 2: same CSI reporting for SBFD symbols and non-SBFD symbols
Agreement:
Study at least the followings for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots:
· Whether/how to have separate resources 
· Whether/how to have separate FH parameters
· Whether/how to have separate UL power control parameters 
· Whether/how to have separate beam/spatial relation



RAN1#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



RAN1#110-bis-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
Study impact and potential enhancements of CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subbands.
Agreement
Identify if there are any cases of time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE 
· If there are, whether/how to avoid/handle such collision cases (as second step)
Agreement
Study impact/potential enhancements for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency.
Agreement
Study whether SBFD operation in SSB symbols is supported or not.
Agreement
For SBFD operation within a TDD carrier, it is agreed that SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies is the baseline.
Agreement
The maximum number of UL subbands for SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier is one for the study in RAN1.
· The UL subband can be located at one side of the carrier.
· The UL subband can be located at the middle part of the carrier, 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.
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.



RAN1#110
	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



RAN1#109e
	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.
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.
Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of gNB-to-gNB CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· gNB-to-gNB CLI measurement and reporting
· Coordinated scheduling 
· Spatial domain enhancements
· Advanced receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Potential enhancements to Rel-16 RIM
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for inter-gNB CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancements specific for SBFD will be discussed in 9.3.2
Agreement
For study of potential enhancement to dynamic/flexible TDD and/or SBFD, followings are considered as candidates of potential enhancement method of UE-to-UE CLI handling, where further prioritization/down-scoping of candidate schemes for study can be done in the future meetings:
· Potential enhancements to UE-to-UE CLI measurement/reporting
· Coordinated scheduling
· Spatial domain enhancements, 
· Advanced Receiver 
· UE and gNB transmission and reception timing 
· Power control based solution
· Sensing based mechanism
· Note: Whether or not a particular scheme requires OTA or backhaul information exchange should be identified
· Note: Any other scheme(s) for UE-to-UE CLI handling is/are not precluded.
· Note: For potential enhancements to dynamic/flexible TDD and/or SBFD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.
· Note: Potential enhancement specific for SBFD will be discussed in 9.3.2
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