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In RAN#96 meeting, a revised SID on NR duplex evolution has been endorsed. In this contribution, we provide our analysis for subband non-overlapping full duplex for possible solutions, feasibility and impact to legacy operation assuming co-existence in co-channel and adjacent channels.
Overview
As discussed in our companion contribution R1-2211042, there are at least the following 6 challenges in the conventional TDD operation. Subband full duplex design should take the following challenges of conventional TDD operation into account and try to address the following challenges via full duplex evolution. 
· Challenge ①: Ensuring UL throughput + UL coverage simultaneously.
· Challenge ②: Ensuring UL throughput + DL&UL Latency simultaneously.
· Challenge ③: Ensuring UL coverage + DL&UL Latency simultaneously.
· Challenge ④: Ensuring DL throughput + DL&UL Latency simultaneously.
· Challenge ⑤: Ensuring DL throughput + UL throughput simultaneously.
· Challenge ⑥: Ensuring DL throughput + UL coverage simultaneously.
Proposal 1: The solution/scheme of duplex evolution takes the following challenges of conventional TDD operation into account.
· Challenge ①: Ensuring UL throughput + UL coverage simultaneously.
· Challenge ②: Ensuring UL throughput + DL&UL Latency simultaneously.
· Challenge ③: Ensuring UL coverage + DL&UL Latency simultaneously.
· Challenge ④: Ensuring DL throughput + DL&UL Latency simultaneously.
· Challenge ⑤: Ensuring DL throughput + UL throughput simultaneously.
· Challenge ⑥: Ensuring DL throughput + UL coverage simultaneously.

Overall, mainly two aspects need thorough study and analysis for subband full duplex. One is DL&UL time/frequency resource split and another is interference management/cancellation. In the following sections, we will focus on these two aspects.
SBFD framework and configuration
In RAN1#110 meeting, the following agreement was reached. In RAN1#110bis-e meeting, it has been agreed that SBFD operation Alt 4 is the baseline. 
	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.



Regarding SBFD operation Alt 4, companies discussed RB-set based solution, BWP based solution and CA based solution. In RAN1#110bis-e meeting, it is agreed that SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies is the baseline. Basically, it implies that RB-set based solution (or subband based solution) is the baseline.
	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.



BWP-based solution: SBFD schemes across BWP(s)
In addition to the subband-based solution, the BWP-based solution can also be further studied. Starting from NR Rel-15, the framework of BWP is introduced. Each BWP corresponds to a specific SCS and CP type, and is configured with a set of transmission parameters, such as PDCCH-config, PDSCH-config for DL BWP, PUCCH-config and PUSCH-config for UL BWP, etc. Similarly, BWP can be reused to implement subband full duplex. For example, each subband is defined as one BWP and different frame structures can be configured for different BWPs. In this way, the existing BWP framework of NR can be used. 
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Figure 1: BWP based subband full duplex
Take Figure 1 as an example, three BWP pairs are configured, i.e., each BWP pair contains one DL BWP and one UL BWP. BWP1 and BWP3 are the BWP pairs at the two edges of the carrier, and BWP2 is the BWP pair located in the middle. BWP switching delay may be an issue to be considered for crossing operation between different BWP pairs (i.e., across subbands). For that, a UE capability on supporting dual active BWP pair can be defined. For the UE with the dual active BWP pair capability, although it cannot work on both BWP pairs with different traffic directions at the same time, the UE can switch between different active BWP pairs with tolerable or even without delay. Thus, the data transmission/feedback delay can be effectively reduced, which is a major objective of subband full duplex. For example, if UE is activated on BWP1 and BWP2 simultaneously, then network can determine which BWP is used for transmission based on the real time traffic.
During the previous RAN1 meetings, companies discussed at least the following different options for BWP-based SBFD.
· Option1: SBFD scheme within a single configured DL and UL BWP pair with unaligned center frequencies
· Option2: More than one configured DL and UL BWP pair with aligned center frequencies
· Option3: More than one configured DL and UL BWP pair with unaligned center frequencies
A high-level comparison among these three options can be summarized in the following table.
	Option
	Pros
	Cons

	Option1: SBFD scheme within a single configured DL and UL BWP pair with unaligned centre frequencies
	Only one BWP pair
	· Unaligned center frequencies, which may cause longer Tx-Rx switching delay

	Option2: More than one configured DL and UL BWP pair with aligned centre frequencies
	Aligned centre frequency
	UE may need to perform BWP switching between SBFD symbol and non-SBFD symbol

	Option3: More than one configured DL and UL BWP pair with unaligned centre frequencies
	
	· Unaligned center frequencies, which may cause longer Tx-Rx switching delay
· UE may need to perform BWP switching between SBFD symbol and non-SBFD symbol



In summary, in addition to the RB-set based solution, RAN1 can further study the BWP-based solution for SBFD configuration.
Proposal 2: In addition to the RB-set based solution, RAN1 further studies the BWP-based solution for SBFD configuration.
Subband configuration/indication
Flexible subband/resources
In the current discussion, UL subband and DL subband are proposed for UL transmission and DL transmission respectively. Companies also discussed “flexible subband” during RAN1#110bis-e meeting. However, the definition of flexible subband is not aligned among companies. There are at least the following two different definitions:
· Alt.1: subband that can be used to transmit UL and DL is considered as flexible subband. In this case, flexible subband can be configured in DL symbols and/or F symbols without configuring the transmission direction. It can transmit UL or DL according to the schedule from the base station. Its function is similar to the F symbol in the current specification, which can be used to dynamically balance DL and UL resources or as a gap for switching between UL and DL.
· Alt.2: subband that configured in the flexible symbols is considered as flexible subband. The flexible subband can be used to transmit UL or DL according to the schedule from the base station.
A flexible subband can be configured independently regardless of whether the UL subband is configured. If a UL subband is configured and a flexible subband is also configured simultaneously, the flexible subband should follow the frequency domain location of the UL subband, and their time domain locations can be continuous. In this way, some DL or UL transmissions can be scheduled in flexible subband according to scheduling requirements.
From our point of view, the flexible subband is beneficial, which can be used as a supplementary resource of the UL subband. Flexible subband should be studied for subband full duplex.
However, if DL transmission is allowed to be transmitted in the UL subband, then even without introducing the concept of “flexible subband”, DL transmission may also be allowed in UL subband. In this sense, UL subband can serve as the “flexible subband”.

Proposal 3: RAN1 clarifies and further studies whether to introduce “flexible subband” in addition to UL subband.  
Cell-common/UE-specific subband configuration
Companies discussed whether the subband configuration is cell-common or UE-specific. Since overlapping DL and UL resource allocation is not expected from both network and UE perspective, at least the frequency-domain resource configuration and time-domain resource configuration for subband should be cell-common. However, the detailed signal/channel configuration for each UE within the subband should be UE-specific configuration. For example, different UEs configured with SBFD may require different PDCCH/PDSCH/PUCCH/PUSCH/CSI-RS/SRS configuration. Thus, overall, frequency-domain resource configuration and time-domain resource configuration for subband are cell-common, while the detailed signal/channel configuration for each UE within the subband should be UE-specific configuration.
Meanwhile, there may also be some scenarios required UE-specific UL subband frequency/time configuration. For example, for UEs with restricted bandwidth capability (e.g., Redcap UE), they may only support UL transmission on partial bandwidth of the UL subband. In this case, UE-specific UL subband frequency resource configuration is beneficial. If the UE specific UL subband is supported, it can be configured with dedicated parameters, such as, SCS and cyclic prefix. This can be further studied. 
Proposal 4: Regarding the suband configuration, 
· Frequency-domain resource configuration and time-domain resource configuration are cell-common.
· Detailed signal/channel configuration for each UE within the subband is UE-specific.
· FFS whether UE-specific UL subband configuration is needed for UE.

Time-domain configuration of subband
In RAN1#110bis-e meeting, the following two proposals were discussed and almost agreed. 
	Proposed Agreement:
For a SBFD aware UE semi-statically configured with UL subband in a 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
-            A set of contiguous RBs in a carrier at least excluding RBs of UL subband is defined as a DL subband for discussion purpose
o    FFS whether frequency location of DL subband(s) is explicitly indicated or implicitly determined
o    FFS whether guardband(s) need to be defined and whether UE is aware of such guardband(s)
  Note: if guardband(s) are defined, the DL subband(s) additionally exclude the RBs of the guardband(s)
-            DL receptions within DL subband(s) are allowed in the symbol
-            FFS whether DL receptions within UL subband are allowed or not in the symbol
-            FFS whether/how the symbols can be converted to DL-only symbols
-            Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol as in existing specification

Proposed Agreement:
For a SBFD aware UE semi-statically configured with UL subband in a symbol configured as flexible in TDD-UL-DL-ConfigCommon,
-            UL transmissions within UL subband are allowed in the symbol
-            FFS whether DL receptions within UL subband are allowed or not in the symbol
-            FFS whether UL transmissions outside UL subband are allowed or not in the symbol
-            FFS whether DL receptions outside UL subband are allowed or not in the symbol
-            FFS: interaction of transmissions and receptions with TDD-UL-DL-ConfigDedicated and dynamic SFI
-            FFS whether/how the symbols can be converted to non-SBFD symbols
-            FFS: whether/how guardband(s) are explicitly indicated




The main controversial issue is whether to prioritize the SBFD configuration in flexible symbols over SBFD configuration in DL symbols. From our perspective, both of SBFD configuration in flexible symbols and SBFD configuration in DL symbols should be supported in the specification. Then it is up to companies’ implementation whether to configure SBFD configuration in flexible/DL symbols. However, it would not be preferred if SBFD configuration is only supported in flexible symbols, this would be too restrictive considering that the flexible symbols are only utilized as guard symbol in the existing NR deployment.
Proposal 5: For SBFD operation, both of the followings are supported:
· A SBFD aware UE is semi-statically configured with UL subband in a symbol configured as DL in TDD-UL-DL-ConfigCommon
· A SBFD aware UE is semi-statically configured with UL subband in a symbol configured as flexible in TDD-UL-DL-ConfigCommon
In RAN1#110bis-e meeting, the following agreement about explicit configuration of SBFD subband time locations within a period was made: 
	Agreement
[bookmark: _Hlk118386690]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.



Some existing methods on time domain resource configuration can be reused for configuring subband time locations. As an example shown in Figure 2, a time domain window is defined for SBFD operation. And the time domain window can be configured via RRC parameters, such as, period, offset and length. More specifically, the time domain window with 3 slots length will occur with a periodicity of 10 slots. And the starting point is the second slot within each window, which is determined according to the configuration of offset = 1. For a TDD slot format configuration with 5 slots periodicity, there will be one time-domain window for every two periods of TDD slot format. Then, the SBFD operation can be applied within each time domain window. 
[image: ]
Figure 2: Time domain window for full duplex
For legacy UEs not supporting subband full duplex, network can schedule them outside the window for better compatibility. Similarly, resource for some important signals (e.g., SSB) which have been well designed in legacy procedures should also be considered during the time domain window configuration, for which the minimum impact can be expected. 
Proposal 6: For semi-static configuration of subband time locations for SBFD operation, time domain window (e.g., period, offset and length) can be configured by RRC for SBFD operation for better compatibility with less impact on legacy UE and procedures.

Frequency-domain configuration of subband
[bookmark: OLE_LINK1]In RAN1#110bis-e meeting, it has been agreed to at least indicate the frequency location of UL subband explicitly. Another controversial issue is whether to configure guard band between DL subband and UL subband explicitly.
	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.



Although the detailed requirements and assumptions for guard band need RAN4 input, according to some preliminary simulation results submitted under AI9.3.1, guard band is useful for alleviating gNB self-interference. Overall, UE needs to know the information about guard band either explicitly or implicitly. UE is not expected to transmit uplink overlapping with the guard band. If the gNB self-interference is serve, gNB should not schedule DL transmission in the guard band to alleviate the self-interference. However, if gNB realizes that there is no uplink transmission in the UL subband or gNB schedules DL transmission in the UL subband, then DL should also be allowed in the guard band.
Guard band can also be implemented via base station implementation. For example, several RBs at the boundary of DL subband are reserved, if these RBs are not scheduled for DL or UL by base station, then these RBs realize the function of guard band. 
Proposal 7: For SBFD operation, guard band can be reserved between DL subband and UL subband explicitly or implicitly.
· UE is not expected to transmit uplink transmission in the guard band.
· UE is allowed to receive DL transmission in the guard band.

Another issue is whether explicit indication of frequency location of DL subband is required. Based on our understanding, if the UL subband has already been indicated to the UE, explicit indication of frequency location of DL subband is not necessary. 
Regarding the frequency domain configuration of UL subband, the similar method for BWP configuration can be reused. For example, the RRC parameter locationAndBandwidth can be reused for configuring the starting point and bandwidth of the UL subband. And Point A can be served as the reference point for the above configuration. 
Proposal 8: Regarding the frequency domain configuration of UL subband, RRC parameter locationAndBandwidth can be reused for configuring the starting point and bandwidth of the UL subband, Point A can be served as the reference point.

Relationship between UL subband and BWP
In RAN1 # 110b-e meeting, the following agreement was reached. Based on this, we think it is necessary to clarify the relationship between subbands and DL/UL BWP, e.g.,  should the frequency domain location of the RB-set-based subband be configured in the frequency domain of UL BWP or DL BWP, or in the frequency domain of both DL BWP and UL BWP.
	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.



From our understanding, in order to be consistent with the operation of UL BWP, the frequency domain location of UL subband should be within the frequency domain of UL BWP. However, it is not necessary to limit the frequency domain location of UL subband in the frequency domain of DL BWP. Because if the bandwidth of DL BWP is less than that of UL BWP, or even less than that of UL subband, the above limitations will affect the frequency domain configuration of UL subband.
Proposal 9: UE is allowed to transmit UL transmission in UL subband only if the UL subband is confined within it activated UL BWP.
As agreed in RAN1#110bis-e meeting, configuring only one UL subband for SBFD operation within a TDD carrier is a baseline assumption. 
	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.
Final LS is endorsed in R1-2210671



There are two ways to configure the UL subband.
· Alt.1: Each UL BWP can be associated with up to one UL subband. In this case, there may be more than one UL subbands for different UL BWPs configured in one carrier with different SCS and/or different frequency resources. However, there is only up to one UL subband activated at one time.
· Alt.2: One UL subband is configured in one carrier. If the UL subband is within the activated UL BWP, then this UL subband is activated. Otherwise, the UL subband is deactivated for this UE.
Both of the above two alternatives are workable. RAN1 may need further study on them.
Proposal 10: RAN1 further studies the following alternatives for UL subband configuration.
· Alt.1: Each UL BWP can be associated with up to one UL subband. More than one UL subband for different UL BWPs configured in one carrier can be configured, while up to one UL subband can be activated at one time.
· Alt.2: One UL subband is configured in one carrier. The UL subband is activated only if the UL subband is confined within the activated UL BWP.

Dynamic subband location indication
It is worth studying dynamic update of the subband time-domain configuration as long as the subband frequency domain location is fixed. One of the main benefits of allowing dynamic update of the subband time-domain configuration is to adapt to the traffic load. It can also balance sub-band and non sub-band resources to avoid resource shortage or waste. In case of sudden burst of UL traffic, network can indicate more slot/symbols as UL subband. For example, UL subband is configured from slot 2 to slot 4. In case of sudden burst of UL traffic, network can indicate UE to extend the UL subband to slot 1. 
Two options can be considered for indicating the dynamic change of subband time-domain location:
· Option 1: Separate indication without scheduling data, e.g., group-common DCI
· Option 2: DL/UL scheduling command, e.g., DCI scheduling PUSCH/PUCCH. If more UL resources are needed for the PUSCH/PUCCH, the UL subband can be extended if the interference is controllable.
Option1 is applicable to update/adjust the time-domain location of the cell-common subband. Its function is similar to SFI. After the time domain location of the cell-common subband is updated, it is valid until it is updated again.
Option 2 is applicable to update/adjust the time-domain location of the UE-specific subband, which is based on DCI with scheduling a PUSCH/PDSCH. For example, the UL grant schedules a PUSCH in the UL subband, and the UL grant explicitly or implicitly indicates the time domain location of the UL subband to be updated. A DCI schedules a PDSCH and indicates a corresponding PUCCH in the UL subband, which can imply that the time-domain location of the UL subband is updated.
Proposal 11: RAN1 studies explicitly/implicitly updating the time domain location of the subband dynamically.
Transmission direction
In RAN1#110 meeting, the following agreement was reached. Among all the four options, Option1 is the basic one, which should be supported without any doubt. 
	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 addition to Option1, Option2 can also be considered for the following two reasons.
· In case of low UL traffic load, DL transmission can be scheduled in the UL subband to increase the spectrum efficiency;
· The victim UE can receive DL in the UL subband and identify the potential aggressor UE.
If Option2 is adopted, then the motivation of introducing Option3 is not strong since allowing DL transmission in UL subband can already serve the same purpose of allowing UL transmission outside the UL subband. 
Another issue is whether to allow all the UL subband resource for DL transmission. Theoretically, allowing all the UL subband resource for DL transmission can maximize the spectrum efficiency. However, it will also incur large and sometimes uncontrollable cross-link interferences. To allow this flexibility and mitigate the potential CLI, one way in Figure 3 is to configure a subset of subband area and the DL transmission is only allowed in this specific area within the UL subband. In fact, it is similar to the UL subband with some flexible resources proposed in Section 3.2.1.
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Figure 3 An example is an UL subband with flexible resources
In addition, the previous agreement is mainly from UE perspective. The same analysis can also be applied to gNB. For example, to assist the gNB-gNB CLI measurement, the aggressor gNB may also transmit reference signal in the UL subband. Then the victim gNB can receive the reference in the UL subband and identify the potential aggressor gNBs.
Proposal 12: For SBFD operation Alt 4, for an SBFD aware UE configured with an UL subband in an SBFD symbol, prioritize the study of 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
FFS: Whether DL transmission is allowed in all the UL subband resources or only a certain area.
FFS: gNB transmits DL reference signal in UL subband.
[bookmark: OLE_LINK8]UE collision handling between DL and UL
In the RAN1 # 110b-e meeting, the UE collision handling between DL and UL was discussed. For discussion purpose, the following definitions for UE collision handling between DL and UL in same SBFD symbol are provided by FL.
Definitions:
· Semi D: symbols configured as DL in tdd-UL-DL-ConfigurationCommon and/or tdd-UL-DL-ConfigurationDedicated
· Semi U: symbols configured as UL in tdd-UL-DL-ConfigurationCommon and/or tdd-UL-DL-ConfigurationDedicated
· UL: dynamic and semi-static PUCCH/PUSCH/SRS transmissions
· DL: dynamic and semi-static PDCCH/PDSCH/CSI-RS receptions
Based on companies’ contributions, the following collision cases were discussed. 
· Case 1: UL vs. DL
· Case 2: Semi D vs. UL
· Case 3: SSB vs. UL
· Case 4: Type 0 CSS vs. UL
· Case 5: Semi D vs. valid RO
· Case 6: valid RO vs. DL
· Case 7: Semi U vs. DL
· Case 8: Semi U vs. SSB
· Case 9: Semi U vs. CORESET 0
Among the cases, Case 7/8/9 target for SBFD operation in legacy UL symbols and should be de-prioritized according to RAN decision. 

Case 1: UL vs. DL
To resolve DL and UL collision, several options are provided as follows. These options or a combination of these options are applicable to all collisions between dynamic/semi-static PUCCH/PUSCH/SRS transmissions and dynamic/semi-static PDCCH/PDSCH/CSI-RS receptions.
· Option 1: When DL transmission and UL transmission have the same priority and both of them are DG or CG, if DL transmission is scheduled/configured in DL subband and UL transmission is scheduled in UL subband, UL transmission scheduled/configured in UL subband is always prioritized. If both DL transmission and UL transmission are scheduled/configured in the UL subband, DL transmission is always prioritized because DL transmission is scheduled in the UL subband only in case of emergency.
· Option 2: When DL transmission and UL transmission have different priorities, DL/UL transmission with high priority always survives.
Option 1 and option 2 are straightforward methods. They can be applied to all the collisions between DL and UL, but they are not appropriate for collisions between dynamic and semi-static, such as dynamic UL transmissions vs. semi-static DL receptions, semi-static UL transmissions vs. dynamic DL receptions.
When dynamic UL transmissions and semi-static DL receptions have the same priority, the dynamic UL transmissions should be prioritized. The base station generally knows the location of semi-static DL receptions, but the base station still schedules dynamic UL transmissions, which causes the collision. That is because the dynamic UL transmissions are urgent. Similar reasons and rules apply to conflicts between semi static UL transmissions and dynamic DL receptions
Basically, option1 is considered for the case where both DL and UL are dynamic or semi-static transmission. For the case where DL and UL are dynamic or semi-static respectively, or vice versa, option 3 below is considered.
· Option 3: When dynamic DL transmission and semi-static UL transmission have the same priority and conflict in the time domain, the dynamic DL transmission is prioritized; when dynamic UL transmission and semi-static DL transmission have the same priority and conflict in the time domain, the dynamic UL transmission is prioritized.

Proposal 13: Regarding confliction of Case 1: UL vs. DL, consider the following potential solution.
· Option 1: When DL transmission and UL transmission have the same priority and both of them are DG or CG, if DL transmission is scheduled in DL subband and UL transmission is scheduled in UL subband, UL transmission scheduled in UL subband is always prioritized. If both DL transmission and UL transmission are scheduled in the UL subband, DL transmission is always prioritized.
· Option 2: When DL transmission and UL transmission have different priorities, DL/UL transmission with high priority always survives.
· Option 3: When dynamic DL (or UL) transmission and semi-static UL (or DL) transmission have the same priority and conflict in the time domain, the dynamic transmission is prioritized.

Case 2: Semi D vs. UL
For legacy behaviour, any UL signals or channels will be dropped in a symbol configured as semi D, which is clearly not desired for SBFD operation where UL subband can be configured in semi-static DL symbols. So at least in symbols configured as DL in TDD-UL-DL-ConfigCommon in which UL subband is configured, UL transmission in UL subband should be supported.  Overall, for Case 2: Semi D vs. UL, the UL subband should be supported in the DL symbol, so that dynamic/semi-static PUCCH/PUSCH/SRS can be supported in the UL subband in Semi D.
Case 3: SSB vs. UL
For legacy behavior, any UL signals or channels will be dropped in an SSB symbol. For SBFD operation, it is obvious that the simple and safe approach is that UL subband are not allowed to be configured in the SSB symbol. However, this may lead to discontinuous UL subband configuration in time domain.  To avoid this, the feasibility and benefits of configuring/scheduling UL transmissions in the SSB symbol can be studied.
Case 4: Type 0 CSS vs. UL
Different from SSB, UL transmission in symbols configured with Type 0 CSS is not prevented in the current specification. Thus, UL transmission should also be allowed in the UL subband in the Type 0 CSS symbols.
Proposal 14: RAN1 studies UE collision handling at least for the following cases.
· Case 1: UL vs. DL
· Case 2: Semi D vs. UL
· Case 3: SSB vs. UL
· Case 4: Type 0 CSS vs. UL

Resource allocation/configuration
The following agreements were made in RAN1#109-e and RAN#110b-e.
	Agreement
Study the impact/potential enhancements of resource allocation in symbols with subbands that gNB would use for SBFD operation.

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



Based on our understanding, the resource allocation needs to be studied. For example, due to UL subband within DL symbols, DL resource allocation for both physical channels, e.g. PDSCH and PDCCH and physical signal e.g. CSI-RS may be impacted and potential enhancements may be studied. Multi-slot PUSCH, e.g., PUSCH repetition Type A, and PUCCH repetitions may also be impacted and potential enhancements may also be studied.
In RAN#110b-e, the proposal provided by FL is discussed below, but no agreement is reached. The companies have different understandings on whether to support the enhancements for the resource allocation of RBG for CORESET.
	Proposed Agreement:
Study the impact and benefits of potential enhancements to resource allocation granularity in frequency-domain for SBFD operation, including at least the following:
· RBG for PDSCH/PUSCH FDRA
· CSI reporting subband
· PRG of PDSCH
· FFS: RBG for CORESET 



If the legacy PDCCH/CORESET configuration/mechanism is reused, then one of the following could be assumed.
1) All the CORESETs are configured within one DL subband;
2) All the CORESETs are configured within the legacy DL symbols;
3) Different CORESETs for legacy DL symbols and SBFD symbols.
All the three bullets are too restrictive from network perspective. Some general PDCCH enhancements are needed, not just related to unaligned boundaries of DL/UL subband and configuration granularity of PDCCH/CORESET. From our point of view, RAN1 should also study the impact and benefits of potential enhancements for RBG for CORESET to resource allocation granularity in frequency domain for SBFD operation.
Proposal 15: Study the impact and benefits of potential enhancements to resource allocation granularity in frequency-domain for SBFD operation, including at least the following:
· RBG for PDSCH/PUSCH FDRA
· CSI reporting subband
· PRG of PDSCH
· RBG for CORESET 

Transmission across SBFD symbols and non-SBFD symbols
In RAN1#110bis-e meeting, the following proposal for scheduled/configured UL transmissions and scheduled/configured DL receptions across SBFD symbols and non-SBFD symbols was discussed without any conclusion. 
	Proposal 1-13c: Proposed Agreement:
Study impact and potential enhancements for scheduled/configured UL transmissions and scheduled/configured DL receptions across SBFD symbols and non-SBFD symbols, including at least the following:
-            Scheduled/configured PUCCH/PUSCH/PDSCH/PDCCH 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.



Overall, we are supportive to study all the above bullets. However, according to our understanding, in Proposal 1-13c, it seems to imply that PUCCH/PUSCH/PDSCH/PDCCH configurations in SBFD symbols/slot and non-SBFD symbols/slot are separately configured. From our perspective, both the shared configuration and separate configuration for SBFD slot/symbol and non-SBFD slot/symbol can be studied. Separate configuration for SBFD slot/symbol and non-SBFD slot/symbol may increase the configuration/scheduling flexibility, while it will also complicate the system design, especially for HARQ-ACK feedback. Most of the configurations for HARQ-ACK codebook/feedback are associated with PDSCH/PUCCH configuration, if separate PUCCH configurations are configured for SBFD slot/symbol and non-SBFD slot/symbol, HARQ-ACK codebook/feedback mechanism may also need to be updated accordingly. 
In addition, even if separate configurations for SBFD slot/symbol and non-SBFD slot/symbol are configured, since the UL subband configuration (e.g., the occupied symbols) in each slot may be different, UE still needs to check the availability for each transmission occasion.
So, for simplicity and low overhead, we believe that PUCCH/PUSCH/PDSCH/PDCCH resources configured for DL/UL BWP in non-SBFD slot can be shared with SBFD slots. In other words, the existing PUCCH/PUSCH/PDSCH/PDCCH configuration mechanism is reused, and UE detects whether the scheduled/configured PUCCH/PUSCH/PDSCH/PDCCH resource is valid based on the slot type. 

Proposal 16: Study impact and potential enhancements for scheduled/configured UL transmissions and scheduled/configured DL receptions across SBFD symbols and non-SBFD symbols, including at least the following:
· Scheduled/configured PUCCH/PUSCH/PDSCH/PDCCH 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
· Shared/separate configuration for PUCCH/PUSCH/PDSCH/PDCCH/SRS/CSI-RS in SBFD symbol/slot and non-SBFD symbol/slot
Note: Inter-slot/intra-slot/inter-repetition/inter-group frequency hopping with DMRS bundling of PUSCH/PUCCH, if applicable, is considered.
Initial access
In the RAN1 #110b-e meeting, the initial access in UL subband was discussed, but no agreement was reached due to the divergence of company views. In our opinion, if initial access is supported in the UL subband, it is obviously beneficial to improve the initial access capability from at least two aspects, such as shortening the initial access time and providing more initial access opportunities. Some further studies are necessary on this aspect.
However, some companies believe that the initial access based on SBFD operation is for IDLE mode, which is not in the current SID [1]. But we think it can still be considered as triggering events related to RRC_CONNECTED mode, such as DL/UL data arrival, contention-free random access, etc.
Proposal 17: RAN1 further studies the potential enhancements for initial access in the UL subband at least for the triggered events related to the RRC_CONNECTED mode.
CLI handling
During RAN1#109-e meeting, discussion scope division among different agenda items were discussed [2]. More specifically, the potential schemes for gNB-to-gNB and UE-to-UE CLI handling and gNB self-interference handling that are specific for SBFD will be discussed under AI 9.3.2. 
In RAN1#110, the following agreement about CLI handling specific for SBFD was obtained [3]: 
	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.


In this section, we provide our further analysis on CLI handling schemes that are specific for SBFD. 
gNB self-interference handling
TA offset determination for avoiding inter-slot interference
In RAN1#110bis e-meeting, the following proposal about enhancements of potential unaligned slot/symbol boundary for DL and UL subbands was discussed [4]: 
	Proposed Agreement:
Study impact/potential enhancements of potential unaligned slot/symbol boundary for DL and UL subbands in SBFD symbols.






In legacy TDD system, UE is provided a TA offset, i.e.,  for a serving cell to reserve enough time for UL/DL switching. Further, it is typically configured with a value larger than zero in current TDD network, e.g., 25600 or 39936. 


For operating SBFD shown in Figure 4, if a non-zero TA offset is also configured for UL transmission within the UL subband, inter-symbol and inter-slot interference will be generated as the symbols in DL subband and UL suband are not aligned. One way for avoiding this interference is to set  for all UL transmission no matter it is located with the UL subband or UL slot. However, potential backward compatibility problem exists, that is, legacy UE may not support to set  to zero under the TDD system. 

Observation 1: The potential backward compatibility problem exists if  is set for all UL transmission. 
Another way is to define two TA offset values for a SBFD capable UE for UL transmission in UL subband and UL slot, respectively. More specifically, one is zero for UL transmission in UL subband and another value is larger than zero for UL transmission in UL slot. Then, UL transmission of the legacy UE can also be scheduled or configured within UL slot. For SBFD capable UE, it should support two different TA offset values for UL subband and UL slot. 
[image: ]
Figure 4: Inter-slot interference for SBFD

[bookmark: OLE_LINK2]Proposal 18: For avoiding inter-slot interference under SBFD, two values of  can be defined for UL transmission in UL subband and UL slot, respectively.
· 
 for UL transmission in UL subband
· 
 for UL transmission in UL slot
Power control based solution
DL transmissions need to be filtered before transmitting over the air so that power can be restricted within the desired frequency range. Ideally, after filtering, there should be no leakage signal out of the desired frequency range. However, due to the limitation of technology and implementation complexity, there are always leakage signals out of the desired frequency range. For SBFD, the transmission power of DL transmission within DL suband will leak to UL subband, which is decreasing with the increase of frequency distance. The uplink transmissions in the UL subband are subject to different interference levels, depending on the frequency domain isolation between it and the DL subband. As an example shown in Figure 5, the UL transmission located within frequency Area 1, Area 2 and Area 3 will suffer inter-subband interference with highest, medium and lowest level, respectively. 
[image: ]
Figure 5: gNB self-interference with different levels on different frequency areas
On the other hand, the UL transmission in different time domain areas may also suffer different inter-subband interference. As an example shown in Figure 6, PUSCH1 will not be interfered by inter-subband interference as there is no DL transmission in DL subband during the transmission of PUSCH1. While for PUSCH2, it will be interfered by PDSCH2 as they are overlapping in time domain. 
[image: ]
Figure 6: gNB self-interference with different levels on different time domain areas

Observation 2: The uplink transmissions in the UL subband are subject to different interference levels due to the following aspects, 
· The frequency domain isolation between the uplink transmission and the DL subband. 
· Time domain areas where DL transmissions are scheduled or configured in DL subband. 
Different interference levels require different power control parameters for improving the performance of UL transmission. One way is to divide resources with different interference levels into multiple areas and make each area mapped with a dedicated power control parameter set. The resources contained in each area can be semi-statically configured via RRC or indicated by DCI. The DCI for indicating the area is similar to DCI format for UL cancellation, where multiple resource indication fields correspond to multiple resource sets one by one respectively. The power control parameters set can be either open-loop power control parameter (e.g., P0, alpha) or closed-loop power control parameter (e.g., TPC table). The transmission power of an UL transmission will be determined according to the power control parameters set corresponding the area where the UL transmission is located. 
Proposal 19: UL subband resources can be divided into multiple areas and each area is mapped with a dedicated power control parameter set for compensating the different levels of inter-subband interference. 
· The resources contained in each area can be semi-statically configured via RRC or indicated by DCI. 
UE-to-UE CLI handling
UE-to-UE CLI measurement and reporting
During RAN1#109-e meeting, discussion scope division among different agenda items were discussed [2]. More specifically, the potential schemes for gNB-to-gNB and UE-to-UE CLI handling and gNB self-interference handling that are specific for SBFD will be discussed under AI 9.3.2. 
According to discussion in RAN1#110bis-e meeting, L1/L2 based CLI measurement/report for UE-to-UE CLI handling is to be discussed in AI 9.3.3. However, considering that UE-to-UE inter-subband CLI as shown in Figure 7 has a non-uniform feature, which is specific for SBFD, some UE-to-UE CLI measurement and reporting mechanisms focus on this feature should also be discussed in AI 9.3.2. 
[image: ]
Figure 7: UE-to-UE inter-subband CLI with different levels on different frequency areas
Proposal 20: UE-to-UE CLI measurement and reporting mechanisms for non-uniform inter-subband interference should be discussed in AI 9.3.2.
In RAN1#110bis e-meeting, the following proposals about enhancements for UE-to-UE CLI measurement/report considering non-uniform CLI were discussed [4]: 
	Proposed Agreement:
Study whether/how to perform CLI measurement in UL subband for UE-to-UE inter-subband CLI handling.

Proposed Agreement:
Study impact/potential enhancements for UE-to-UE CLI measurement/report considering non-uniform CLI in DL subbands.
· Note: Non-uniform CLI in DL subbands is subject to RAN4’s feedback



Regarding UE-to-UE CLI measurement/reporting, at least CLI measurement in DL subband should be supported, through which the non-uniform CLI can be obtained. In addition, CLI measurement in UL subband can also be considered in order to identify the aggressor identity. In addition, only wideband CLI measurement and reporting is supported in Rel-16 CLI. It may fail to reflect the changes of interference in different frequency resources. Therefore, it is necessary to introduce a finer frequency domain measurement granularity, for example, subband CLI measurement and reporting. 
Observation 3: CLI measurement in DL subband is helpful for obtaining inter-subbands interference with a non-uniform feature. Wideband CLI measurement and reporting may fail to reflect the changes of inter-subband interference in different frequency resources. 
For supporting subband CLI measurement and reporting, the current mechanism of subband CQI/PMI measurement and reporting can be considered as a starting point. A further research direction is impact of introduction of the UL subband on existing mechanism, for example, configuration and determination of the measurement subband size, and measurement reporting overheads reduction, etc.
Proposal 21: UE-to-UE CLI measurement/reporting in both of DL subband and UL subband should be supported, 
· Further study subband CLI measurement and reporting for UE-to-UE CLI handling under SBFD, e.g., configuration and determination of the measurement subband size and measurement reporting overheads reduction, etc.
Reference signals with different frequency densities
Reference signals may be needed to measure the interference levels between UEs or to estimate channel for downlink transmission. According to the analysis in Section 4.2.1, different areas with different frequency isolation from the aggressor lead to different interference levels. To obtain more accurate CLI measurement or channel estimation results with less reference signal overhead, reference signals can be configured with different frequency densities in different areas. For example, as shown in Figure 7, the subband is divided into three areas. The Area 1 is closest to the UL in frequency domain, in which a higher interference with faster changes can be expected, thus the reference signal in the first part can be configured with higher frequency density. The Area 3 is far away from the UL in the frequency domain, the interference level may be low and flat in this area. Thus, the reference signal in this area can be configured with lower frequency density. 
Proposal 22: Different frequency densities can be configured for reference signals (e.g., RS for UE-to-UE CLI measurement, RS for downlink transmission channel estimation) transmitted in different areas with different interference levels.
Power control based solution
Similar to gNB self-interference, the uplink transmissions in the UL subband generate UE-to-UE CLI with different interference levels due to different frequency domain isolation between the uplink transmission and the DL subband. Furthermore, the maximum interference level that an uplink transmission is allowed to generate is also related to whether there is a downlink transmission located within the time domain areas where uplink transmissions are scheduled or configured in UL subband. 
As an example shown in Figure 8, UL subband is divided into three areas in the frequency domain. A higher transmission power can be used for uplink transmission in Area 1 as it is far away from DL subband and a lower interference can be expected. For Area 2 and Area 3, a lower transmission power can be used for uplink transmission in them as they are closed to DL subband. 
[image: ]
Figure 8: Different allowed maximum power for UL transmission in different areas
Therefore, similar method as described in section 4.1.2 can be used for UE-to-UE CLI handling. That is, resources with different interference levels can be divided into multiple areas and each area is mapped with a dedicated power control parameter set. The resources contained in each area can be semi-statically configured via RRC or indicated by DCI. The DCI format for indicating the area is similar to that for UL cancellation, where multiple resource indication fields correspond to multiple resource sets one by one respectively. The power control parameters set can be either open-loop power control parameter (e.g., P0, alpha) or closed-loop power control parameter (e.g., TPC table). The transmission power of an UL transmission will be determined according to the power control parameters set corresponding the area where the UL transmission is located. 
Proposal 23: Regarding UE-to-UE CLI, UL subband resources can be divided into multiple areas and each area is mapped with a dedicated power control parameter set for suppressing the UE-to-UE CLI with different interference levels. 
· The resources contained in each area can be semi-statically configured by RRC or indicated by DCI. 

gNB-to-gNB CLI handling 
Reference signals with different frequency densities
Similar as UE-to-UE inter-subband CLI, reference signals may be needed to measure the interference levels between gNBs or to estimate channel for uplink transmission. Then, reference signals can also be configured with different frequency densities in different areas with non-uniform CLI. 
Proposal 24: Different frequency densities can be configured for reference signals (e.g., RS for gNB-to-gNB CLI measurement, RS for uplink transmission channel estimation) transmitted in different areas with different interference levels.

Information exchange across gNBs
In RAN1#110bis e-meeting, the following proposal about information exchange across gNBs for gNB-to-gNB CLI handling was discussed [4]: 
	Proposed Agreement:
Study exchange of intended subband configurations for SBFD operation across gNBs for gNB-to-gNB CLI handling.



From our perspective, subband configuration, including time and frequency domain configuration of UL subband, exchanged between gNBs can help them for determining the measurement behavior and interference coordination mechanism for handling the CLI specific for SBFD. For example, CLI measurement of specific for SBFD needs only to be performed on an SBFD resource, and coordinated scheduling of time-frequency domain resource also depends on determining of the SBFD resource. 
Proposal 25: Time and frequency domain configuration of UL subband should be exchanged between gNBs.
Conclusion
In this contribution, we provide our analysis for subband non-overlapping full duplex for possible solutions with the following proposals and observations.
Overview
Proposal 1: The solution/scheme of duplex evolution takes the following challenges of conventional TDD operation into account.
· Challenge ①: Ensuring UL throughput + UL coverage simultaneously.
· Challenge ②: Ensuring UL throughput + DL&UL Latency simultaneously.
· Challenge ③: Ensuring UL coverage + DL&UL Latency simultaneously.
· Challenge ④: Ensuring DL throughput + DL&UL Latency simultaneously.
· Challenge ⑤: Ensuring DL throughput + UL throughput simultaneously.
· Challenge ⑥: Ensuring DL throughput + UL coverage simultaneously.

SBFD framework and configuration
Proposal 2: In addition to the RB-set based solution, RAN1 further studies the BWP-based solution for SBFD configuration.
Proposal 3: RAN1 clarifies and further studies whether to introduce “flexible subband” in addition to UL subband.  
Proposal 4: Regarding the suband configuration, 
· Frequency-domain resource configuration and time-domain resource configuration are cell-common.
· Detailed signal/channel configuration for each UE within the subband is UE-specific.
· FFS whether UE-specific UL subband configuration is needed for UE.
Proposal 5: For SBFD operation, both of the followings are supported:
· A SBFD aware UE is semi-statically configured with UL subband in a symbol configured as DL in TDD-UL-DL-ConfigCommon
· A SBFD aware UE is semi-statically configured with UL subband in a symbol configured as flexible in TDD-UL-DL-ConfigCommon
Proposal 6: For semi-static configuration of subband time locations for SBFD operation, time domain window (e.g., period, offset and length) can be configured by RRC for SBFD operation for better compatibility with less impact on legacy UE and procedures.
Proposal 7: For SBFD operation, guard band can be reserved between DL subband and UL subband explicitly or implicitly.
· UE is not expected to transmit uplink transmission in the guard band.
· UE is allowed to receive DL transmission in the guard band.
Proposal 8: Regarding the frequency domain configuration of UL subband, RRC parameter locationAndBandwidth can be reused for configuring the starting point and bandwidth of the UL subband, Point A can be served as the reference point.
Proposal 9: UE is allowed to transmit UL transmission in UL subband only if the UL subband is confined within it activated UL BWP.
Proposal 10: RAN1 further studies the following alternatives for UL subband configuration.
· Alt.1: Each UL BWP can be associated with up to one UL subband. More than one UL subband for different UL BWPs configured in one carrier can be configured, while up to one UL subband can be activated at one time.
· Alt.2: One UL subband is configured in one carrier. The UL subband is activated only if the UL subband is confined within the activated UL BWP.
Proposal 11: RAN1 studies explicitly/implicitly updating the time domain location of the subband dynamically.
Proposal 12: For SBFD operation Alt 4, for an SBFD aware UE configured with an UL subband in an SBFD symbol, prioritize the study of 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
FFS: Whether DL transmission is allowed in all the UL subband resources or only a certain area.
FFS: gNB transmits DL reference signal in UL subband.
Proposal 13: Regarding confliction of Case 1: UL vs. DL, consider the following potential solution.
· Option 1: When DL transmission and UL transmission have the same priority and both of them are DG or CG, if DL transmission is scheduled in DL subband and UL transmission is scheduled in UL subband, UL transmission scheduled in UL subband is always prioritized. If both DL transmission and UL transmission are scheduled in the UL subband, DL transmission is always prioritized.
· Option 2: When DL transmission and UL transmission have different priorities, DL/UL transmission with high priority always survives.
· Option 3: When dynamic DL (or UL) transmission and semi-static UL (or DL) transmission have the same priority and conflict in the time domain, the dynamic transmission is prioritized.
Proposal 14: RAN1 studies UE collision handling at least for the following cases.
· Case 1: UL vs. DL
· Case 2: Semi D vs. UL
· Case 3: SSB vs. UL
· Case 4: Type 0 CSS vs. UL
Proposal 15: Study the impact and benefits of potential enhancements to resource allocation granularity in frequency-domain for SBFD operation, including at least the following:
· RBG for PDSCH/PUSCH FDRA
· CSI reporting subband
· PRG of PDSCH
· RBG for CORESET 
Proposal 16: Study impact and potential enhancements for scheduled/configured UL transmissions and scheduled/configured DL receptions across SBFD symbols and non-SBFD symbols, including at least the following:
· Scheduled/configured PUCCH/PUSCH/PDSCH/PDCCH 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
· Shared/separate configuration for PUCCH/PUSCH/PDSCH/PDCCH/SRS/CSI-RS in SBFD symbol/slot and non-SBFD symbol/slot
Note: Inter-slot/intra-slot/inter-repetition/inter-group frequency hopping with DMRS bundling of PUSCH/PUCCH, if applicable, is considered.
Proposal 17: RAN1 further studies the potential enhancements for initial access in the UL subband at least for the triggered events related to the RRC_CONNECTED mode.

CLI handling

Observation 1: The potential backward compatibility problem exists if  is set for all UL transmission. 

Proposal 18: For avoiding inter-slot interference under SBFD, two values of  can be defined for UL transmission in UL subband and UL slot, respectively.
· 
 for UL transmission in UL subband
· 
 for UL transmission in UL slot
Observation 2: The uplink transmissions in the UL subband are subject to different interference levels due to the following aspects, 
· The frequency domain isolation between the uplink transmission and the DL subband. 
· Time domain areas where DL transmissions are scheduled or configured in DL subband. 
Proposal 19: UL subband resources can be divided into multiple areas and each area is mapped with a dedicated power control parameter set for compensating the different levels of inter-subband interference. 
· The resources contained in each area can be semi-statically configured via RRC or indicated by DCI. 
Proposal 20: UE-to-UE CLI measurement and reporting mechanisms for non-uniform inter-subband interference should be discussed in AI 9.3.2.
Observation 3: CLI measurement in DL subband is helpful for obtaining inter-subbands interference with a non-uniform feature. Wideband CLI measurement and reporting may fail to reflect the changes of inter-subband interference in different frequency resources. 
Proposal 21: UE-to-UE CLI measurement/reporting in both of DL subband and UL subband should be supported, 
· Further study subband CLI measurement and reporting for UE-to-UE CLI handling under SBFD, e.g., configuration and determination of the measurement subband size and measurement reporting overheads reduction, etc.
Proposal 22: Different frequency densities can be configured for reference signals (e.g., RS for UE-to-UE CLI measurement, RS for downlink transmission channel estimation) transmitted in different areas with different interference levels.
Proposal 23: Regarding UE-to-UE CLI, UL subband resources can be divided into multiple areas and each area is mapped with a dedicated power control parameter set for suppressing the UE-to-UE CLI with different interference levels. 
· The resources contained in each area can be semi-statically configured by RRC or indicated by DCI. 
[bookmark: _GoBack]Proposal 24: Different frequency densities can be configured for reference signals (e.g., RS for gNB-to-gNB CLI measurement, RS for uplink transmission channel estimation) transmitted in different areas with different interference levels.
Proposal 25: Time and frequency domain configuration of UL subband should be exchanged between gNBs.
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