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In RAN#96 meeting, a revised SID on NR duplex evolution has been endorsed with the following objectives [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. 



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
Rel-18 subband full duplex SI is the first study item to study full duplex comprehensively. Before digging into the detailed solutions/schemes for subband full duplex, it is beneficial to have some preliminary simulation results to guide and focus the subband full duplex system design. For example, it is necessary to identify which interference is the main challenge. Thus, the subband full duplex simulation should be prioritized.
Proposal 1: Prioritize the subband full duplex simulation and use the simulation results to guide and focus the solution/scheme discussion.  

As discussed in our companion contribution R1-2203203, 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 2: 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 the solution of 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.

Basic framework of SBFD configuration
In Section 3.3, we discussed different schemes for SBFD configuration, i.e., subband-based scheme, BWP-based scheme and CA-based scheme. For simplicity, we use “subband” as example to clarify the detailed mechanism of SBFD in this section. However, these mechanisms can also be applied to BWP-based scheme and CA-based scheme.
Transparent method with no specification impact
For transparent method with no specification impact, the UL subband is not configured for the UE. That is, the UE doesn’t get the time/frequency position of the UL subband. Furthermore, UE operates according to the legacy Rel-15/16/17 specification without any new UE behaviors. At least the following two alternatives can realize this kind of transparent method.
· Alt.1: Base station configures flexible symbols/slots to the UE via TDD-UL-DL-ConfigCommon and schedules DL/UL on these flexible symbols/slots according to existing rules. Base station ensures that DL transmission and UL transmission are not overlapped in frequency domain within the BWP.
· Alt.2: Based station configures UE-specific TDD slot formats for different UEs via TDD-UL-DL-ConfigDedicated and schedules DL/UL based on the UE-specific TDD slot formats and existing rules. Take the following Figure 1 as an example in a cell. Cell-specific slot format configuration is DXXXU. And network configures UE-specific slot format DDDSU for some UEs and configures UE-specific slot format DSUUU for other UEs. In Slot#1, Slot#2 and Slot#3, network schedules DL in the upper half of frequency resource and UL in the lower half of frequency resource respectively for different UEs. 


Figure 1: An example of implementation based solution for subband full duplex
Transparent method with no specification impact can allow gNB/UE to support SBFD via implementation. However, it highly depends on the usage of flexible symbols, which are not commonly used and tested in the practical networks. Furthermore, without indicating the time/frequency resource of subband, UE is not possible to perform RF/digital subband filter for transmissions within the subband. Note that support of UE specific RRC configuration of UE-specific TDD slot formats is subject to UE capability (i.e. FG 5-1a)
Observation 1: Transparent method with no specification impact for SBFD:
· Alt.1: Base station configures flexible symbols/slots to the UE via TDD-UL-DL-ConfigCommon and schedules DL/UL on these flexible symbols/slots according to existing rules. 
· Alt.2: Based station configures UE-specific TDD slot formats for different UEs via TDD-UL-DL-ConfigDedicated and schedules DL/UL based on UE-specific TDD slot formats according to existing rules. 
Transparent method with no specification impact for SBFD has the following drawbacks:
· It highly depends on the usage of flexible symbols, which are not commonly used and tested in the practical networks. 
· Without indicating the time/frequency resource of subband, UE is not possible to perform RF/digital subband filter for transmissions within the subband.
· At least for Alt.2, it is also subject to UE capability (i.e. FG 5-1a).

Transparent method without subband configuration
For transparent method without subband configuration, UE is not aware of the subband configuration, i.e., UE is not aware of the time/frequency resource configuration for the subband. However, some other spec impacts may be needed for the UE to support SBFD operation. From our perspective, at least the following alternatives can be considered for transparent method without subband configuration.
· Alt.1: The UL subband is not configured for the UE. Base station allocates some fixed time/frequency resources (which is an UL subband from the base station's perspective) in the DL symbols (or DL symbols plus flexible symbols) via implementation. For dynamic UL transmission (such as DG PUSCH, dynamic PUCCH and PRACH triggered by PDCCH order, etc.), UE transmits UL transmission in the DL symbols according to gNB’s scheduling and does not detect collisions between the transmission direction and the resource direction. In addition, semi-static UL transmission (e.g., CG PUSCH, semi-static PUCCH and PRACH, etc.) cannot be supported in the fixed time-frequency resource of DL symbols according to existing rules because UE is not aware of the subband configuration. For this alternative, specification change is required to allow UE to transmit UL transmission in DL symbols, especially more specification change to support semi-static UL transmission.
· Alt.2: The UL subband is not configured for the UE. Legacy UE follows the TDD slot format indicated by the legacy SIB or legacy UE-specific signalling. A new UE-specific TDD slot format is introduced for the SBFD UE. This new UE-specific TDD slot format indication/configuration for SBFD UE can override the legacy TDD slot format indication/configuration. For example, legacy TDD slot format is DDDSU. Base station indicates DSUUU for one SBFD UE, thus the SBFD UE can transmit dynamic/semi-static UL transmission in the time/frequency resources (which is a UL subband from the base station's perspective) in its “UL symbol/slot” (which is the DL symbol/slot configured by the legacy signalling) according to gNB’s scheduling/configuring. Another example is, base station indicates DXXXU for SBFD UE and SBFD UE can transmit UL or receive DL on these “X” symbol/slots based on gNB’s scheduling. For this alternative, both semi-static and dynamic UL transmissions can be easily supported based on the new UE-specific TDD slot format.
Transparent method without subband configuration can allow gNB/UE to support SBFD without configuring SBFD resources. Compared to the UL subband being configured for the UE, these methods have less specification impacts. However, similarly, without indicating the time/frequency resource of subband, UE is not possible to perform RF/digital subband filter for transmissions within the subband. 
Observation 2: Transparent method without subband configuration for SBFD:
· Alt.1: Base station allocates some fixed time/frequency resources in the DL symbols (or DL symbols plus flexible symbols) via implementation. UE transmits UL transmission in the fixed time/frequency resources of the DL symbols according to gNB’s scheduling. 
· Alt.2: Legacy UE follows the TDD slot format indicated by the legacy SIB or legacy UE-specific signalling. A new UE-specific TDD slot format is introduced for the SBFD UE, which can override the legacy TDD slot format indication/configuration. UE transmits UL transmission based on new UE-specific TDD slot format according to gNB’s scheduling/configuring.
Transparent method without subband configuration for SBFD has the following drawbacks:
· Without indicating the time/frequency resource of subband, UE is not possible to perform RF/digital subband filter for transmissions within the subband.

Non-transparent method
A non-transparent method means that the UL subband is configured for the UE. In this way, the UE knows the time-frequency domain location of the UL subband. Although the non-transparent UL subband has more standardization work, it can bring more benefits, for example, it is beneficial for UE to filter interference in reception. Also, it allows UE to support semi-static UL transmission, UL random access, etc in subband. There are different schemes to configure “subband” for UE, we discuss them in detail in this section.
Scheme#1: One/multiple subbands within one BWP
One possible approach is to configure a (or multiple) subband for subband non-overlapping full duplex. The uplink subband can be configured on uplink symbols and/or flexible symbols. Considering that the flexible symbols are not commonly configured in the actual TDD system, if the uplink subband only contains the uplink symbols, it would be difficult to obtain continuous uplink resources in a slot or in a TDD period. So the downlink symbols in the slot (or downlink slots) should be allowed to be configured for an uplink subband to ensure more continuous uplink transmissions in the uplink subband, which is more beneficial to improve uplink coverage and reduce latency. Of course, the size of an uplink subband in the frequency domain can also be flexibly configured to balance DL and UL transmission. As an example shown in Figure 2, an uplink subband is configured in a slot across both flexible and downlink symbols. 
[image: ]
Figure 2: One/multiple subbands within one BWP 
UE should consider all the resource in the uplink subband available for uplink transmission even if the uplink subband is overlapped with downlink or flexible symbols. Meanwhile, if the uplink subband is configured for the UE, the UE does not expect the uplink dynamic scheduling and the downlink dynamic scheduling to overlap in the time domain. 
In order to better coordinate/manage the interference, it is preferred to have the same uplink subband configuration for all full duplex UEs in the same cell and have the same uplink subband configuration for all the adjacent base stations.
Proposal 3: RAN1 studies the following solution for subband full duplex: configure one/multiple subbands in one BWP.
· All the resource in the uplink subband are available for uplink transmission even if the uplink subband is overlapped with downlink or flexible symbols.

Scheme#2: BWP based SBFD
Starting from NR Rel-15, the framework of BWP is introduced. As the frequency domain range of data transmission, 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 working framework of NR can be used. 
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Figure 3: BWP based subband full duplex
Take Figure 3 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.
Proposal 4: RAN1 studies the following solution for subband full duplex: support dual active BWP pairs, where each BWP pair includes one DL BWP and one UL BWP.
· Different BWP pairs can be configured with different TDD slot configurations.

Scheme#3: Half duplex CA based SBFD 
In our understanding, the most important advantages of SBFD (sub-band full duplex) are coverage (especially UL coverage) boosting and latency reduction due to more UL time domain resources and accessibility to UL and DL resources without too much waiting time caused by TDD frame structure. One simple way to support SBFD and achieve its advantages is to regard different ‘subband’ as different cells. And of course, R18 UE will not work in two cells at the same time in the occasion when the two cells have different link direction, i.e. UE will not transmit and receive in two cells respectively at the same time. So we call this method as half duplex CA based SBFD or HDCA-SBFD hereafter. 
[image: ]
Figure 4: Half duplex CA based SBFD
As shown in Figure 4, in HDCA-SBFD, gNB can work on cell1 and cell2 simultaneously or cell1 and cell3 simultaneously. Legacy UE can be configured with either one cell or two cells when they share the same D/U configuration. UE capable of HDCA-SBFD can be configured with two cells (cell1+cell2 or cell2+cell3) with different D/U configuration to enjoy the benefits of SBFD. 
Half duplex CA (HDCA) is specified in R16, which enables half duplex UE (i.e. UE can only either transmit or receive in a certain time occasion) to be configured with two or more cells with different D/U configurations. Meanwhile, UE behaviors are specified in some cases when directional conflict among different cells occurs as shown in Figure 5.
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Figure 5: Legacy conflict handling for half duplex CA
We can see that HDCA and HDCA-SBFD share the same characteristics, i.e.
(1) UE can only either transmit or receive in a certain occasion; 
(2) two or more cells with different D/U configurations can be configured for UE; 
(3) directional conflict in different cells needs to be tackled. 
With the consideration of HDCA already specified in NR R16, HDCA-SBFD has almost been supported by current specification if ‘sub-band’ is regarded as ‘cell’. The only thing we need to do is to lift the restriction of applying directional collision handling mechanism in intra-band case (i.e. removing ‘error case in intra-band’ in Figure 5). Meanwhile we can further discuss if some enhancements to directional collision handling mechanism is needed to better satisfy the requirement of R18 if time allows. 
Proposal 5: RAN1 studies half-duplex CA based scheme for sub-band full duplex and taking directional conflict handling mechanism in R16 half-duplex CA as a starting point.
· Further study the necessity of enhancement to directional conflict handling mechanism if time allows in R18. 

Comparison of Scheme#1/2/3
Table 1 below is a brief summary of different schemes for the framework of subband full duplex. 
Table 1: A brief summary of different schemes for the framework of subband full duplex.
	Solution
	Summary
	Pros and Cons

	Scheme#1: 
One/multiple subbands within BWP
	1. Configure UL subband that can span across uplink/flexible/downlink symbols. UE transmits uplink transmission in the UL subband even if the uplink transmission is overlapped with downlink/flexible symbols.
2. Size of UL subband in the frequency domain can also be flexibly configured to balance DL and UL transmission.
3. Similar mechanism can be applied for DL subband.
	1. Convenient to obtain consecutive UL (or DL) symbols in each slot. 
2. Configure the subband size in the frequency domain flexibly to adjust the resources between DL and UL.

	Scheme#2: 
BWP based SBFD
	1. Define subband as BWP for full duplex operation;
2. BWP-specific frame structure can be introduced;
3. Support dual active BWP pairs for switching among between without delay. 
	1. Less standardization complexity by reusing existing BWP framework;
2. A new UE capability of dual active BWP pairs can be defined for delay reduction.

	Scheme#3: 
Half duplex CA based SBFD
	1. Regard ‘subband’ as ‘cell’/ ‘carrier’
2. Reuse mechanism of R16 half duplex CA as starting point, i.e.
(1) Different cells can be configured with different DL/UL configuration
(2) UE either transmits or receives in a time occasion when directional conflict in different cells occurs
(3) Taking R16 directional conflict handling mechanism as starting point.
	1. All benefits (e.g. latency reduction, coverage enhancement) of SBFD can be achieved.
2. Support a common solution for contiguous and non-contiguous frequency spectrum.
3. Less specification effort in both RAN1/RAN2 and RAN4 since
(1) HDCA has been supported in R16
(2) Being able to reusing current RF parameter definition as much as possible.  



Summary
Based on the above analysis, transparent method with no specification impact and transparent method without subband configuration have some drawbacks, which may reduce the SBFD performance, i.e., without indicating the time/frequency resource of subband, UE is not possible to perform RF/digital subband filter for transmissions within the subband. Thus, it is proposed to focus on non-transparent method of SBFD configuration.
Proposal 6: For Rel-18 duplex evolution, focus on the non-transparent method of SBFD configuration.

Details of SBFD framework
In Section 3.3, we discussed different schemes for SBFD configuration, i.e., subband-based scheme, BWP-based scheme and CA-based scheme. For simplicity, we use “subband” as example to clarify the detailed mechanism of SBFD in this section. However, these mechanisms can also be applied to BWP-based scheme and CA-based scheme.
Time-domain configuration
In current spec, frame structure of TDD is configured for a UE by tdd-UL-DL-ConfigurationCommon and optionally combined with tdd-UL-DL-ConfigurationDedicated, while frame structure of FDD is a special case with all ‘D’ symbols on DL carrier and all ‘U’ symbols on UL carrier. The frame structure of SBFD can be regarded as a mixture of TDD and FDD. A typical frame structure of SBFD can be determined by semi-static configuration with a consecutive RBs in a set of slots in a period, which can be optionally combined with tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated. 
The framework structure of a SBFD can contain one period or two periods, similar as the mechanism as TDD slot formation configuration. Figure 7 is an example of one period, where a set of slots comprises ‘D’ and ‘F’ symbols are configured with a subband. Figure 8 is an example of two periods, where the subband in the second period is longer than the subband in the first period since some slots are used for SSB/CORESET#0 transmission in the first period. Similar to the semi-static frame structure configured with pattern1 and pattern2, subband can be configured differently in time domain in each period but with same frequency resources.
The frame structure of SBFD for a UE can be in a cell-specific or UE-specific manner, which may further depend on other technical issue discussion, i.e., whether a cell-specific or UE-specific SBFD frame structure is needed to be defined.
Consider a possible risk that the flexible symbols/slots configured by tdd-UL-DL-ConfigurationCommon may not be recognized by the UE. So new RRC signaling can also be introduced, which can only be associated with subband full duplex operation and can be used to convert DL symbols/slots configured by tdd-UL-DL-ConfigurationCommon into UL symbols/slots. The time domain location of the subband should be configured based on the frame structure of SBFD configured by the new RRC signaling. Note that at least cell-specific downlink signaling/channels are transmitted still based on the frame structure configured by tdd-UL-DL-ConfigurationCommon. 
Typically, the time domain location of the subband should be configured based on RRC signaling. And for flexibility, the time domain location of the subband can be dynamically adjusted by DCI signaling, similar to SFI. For example, RRC signaling configures some symbols for the subband, and then the base station can use DCI signaling to adjust the symbol location of the subband according to scheduling requirements, for example, configure or delete the subband in some symbols.
Proposal 7: RAN1 studies the following solution for subband full duplex: configure frame structure of SBFD for a UE
· Alt.1: The configuration is combined with tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated.
· Alt.2: The configuration is via new RRC signaling.
· Alt.3: Dynamic update of time domain location of the subband via DCI based on the frame structure of SBFD configured by Alt.1 or Alt.2.
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Figure 6: Frame structure of SBFD with single period
[image: ]
Figure 7: Frame structure of SBFD with two periods 
Subband frequency location
In the RAN1 #109-e meeting, the frequency domain location of the subband was discussed. The following conclusions and agreement are reached.
	Conclusion
For discussion purpose, for SBFD operation within a TDD carrier, a SBFD subband consists of 1 RB or a set of consecutive RBs for the same transmission direction.
Agreement
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.



In our view, the frequency domain location of the subband should be configured by RRC signaling. From network perspective, the subband bandwidth should not be allowed to be adjusted dynamically because network may need analog filter to mitigate the self-interference. The analog filter is not able to change its filter bandwidth flexibly.
Proposal 8: The location and bandwidth of subband can NOT be updated dynamically. 
Legacy UE
In the RAN1 #109-e meeting, scheduling of legacy UEs was discussed, but no agreement was reached due to the divergence of company views. 
According to existing specifications, legacy UEs can receive DL in a DL symbol from the UE's perspective, even if the DL symbol is configured with the UL subband from the base station's perspective. That is, if the time-frequency resource A in the DL symbol is configured as the UL subband, the legacy UE can still receive the DL in the time-frequency resource A according to the scheduling of the base station since legacy UE is not aware of subband configuration. 
Although the DL subband may not be configured. However, if it is configured, similar issue exists for the DL subband. According to existing specifications, legacy UEs can transmit UL in a UL symbol from the UE's perspective, even if the UL symbol is configured with the DL subband from the base station's perspective. That is, if the time-frequency resource B in the UL symbol is configured as the DL subband, the legacy UE can still transmit UL in the time-frequency resource B according to the scheduling of the base station since UE is not aware of the subband configuration. 
Although the above can increase the scheduling flexibility, it may cause serve interference between different cells if different cells schedule different directions in the same time-frequency resource. This may offset the performance gain of SBFD.
Proposal 9: Further study whether base station can schedule DL in the UL subband for legacy UEs.

In order to better coexist with legacy UE as well as protect some important signals (e.g., SSB) from full duplex, the configuration of sub-band full duplex mentioned above can be limited to a specific time domain range, e.g., defining time domain window for full duplex. 
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Figure 8: Time domain window for full duplex
[bookmark: OLE_LINK1]As an example shown in Figure 8, the time domain window can be configured via RRC parameters, such as, period, offset and length. More specifically, 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 frame structure configuration with 5 slots periodicity, there will be one time domain window for every two periods of frame structure. Then, the subband full duplex specific configuration can be applied within each time domain window. 
For legacy UEs without supporting subband full duplex related features, 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 10: RAN1 studies the following solution for subband full duplex:
· Time domain window can be defined for subband full duplex operation for better compatibility with less impact on legacy UE and procedures.

UE collision handling between DL and UL
In the RAN1 #109-e meeting, the UE collision handling between DL and UL was discussed, but no agreement was reached due to the divergence of company views. Below is a proposal that is supported by most companies.
	Proposal 4-1a:
Study potential enhancements for collision handling between UL and DL for SBFD aware UE.



From our point of view, if the subband is configured, it will lead to new conflict scenarios because the direction of the subband and the direction of the resource based on the legacy configuration can be different. However, the collision handling is highly associated with the subband configuration, i.e., whether the subband is transparent to the UE or not.
If the subband is transparent to the UE, then the collision handling between DL and UL should be avoided according to the scheduling of the base station, e.g., the UE always performs corresponding reception or transmission according to the scheduling of the base station, and the UE does not need to consider collision handling. This method is suitable for dynamic transmission. For semi-static transmission, the collision handling between DL and UL still needs further discussion. In this way, the complexity of the UE is reduced, and the complexity of the base station is increased.
If the subband is non-transparent to the UE, then collision handling between DL and UL should be studied. Here, it is necessary to list various potential conflict scenarios, and formulate corresponding conflict solutions in combination with specific signals/channels and priorities.
Proposal 11: Study potential enhancements for collision handling between UL and DL for SBFD aware UE.
Other issues
A1: Resource allocation
In the RAN1 #109-e meeting, the resource allocation in symbols with subbands was discussed, but no agreement was reached due to the divergence of company views. 
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. Separate PUSCH/PUCCH configurations for PUSCH/PUCCH transmissions in an UL sub-band also needs to be studied.
Proposal 12: RAN1 further studies the resource allocation of relevant physical channels/signals in frequency domain and time domain for SBFD.
A2: Initial access
In the RAN1 #109-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.
Proposal 13: RAN1 further studies the potential enhancements for initial access in the UL subband.

CLI handling
During RAN1#109-e meeting, discussion scope division among different agenda items were discussed with the following conclusion and guideline for future meetings [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. 
	Guideline for future meetings
· Note: AI 9.3.3 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD.
· Note: AI 9.3.2 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for SBFD.
Conclusion
The following self-interference scenario and inter-subband CLI scenarios are not considered under AI 9.3.3 (Potential enhancements on dynamic/flexible TDD).
· gNB self-interference
· UE-to-UE intra-cell co-channel inter-subband CLI
· UE-to-UE inter-cell co-channel inter-subband CLI
· gNB-to-gNB inter-cell co-channel inter-subband CLI


In this section, we provide our analysis on CLI handling schemes that are specific for SBFD. 
TA offset determination for avoiding inter-slot interference



[bookmark: OLE_LINK2]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-9, 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. 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. 
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. 
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Figure 9: Inter-slot interference for SBFD
Proposal 14: For SBFD, different options of TA offset determination for avoiding inter-slot interference should be studied, 
· 
Option 1: set  for all UL resource;
· 
Option 2: define two values of  for UL transmission in UL subband and UL slot, respectively.
· 
 for UL subband
· 
 for 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 10, 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 10: Inter-subband 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 11, 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 11: Inter-subband interference with different levels on different time domain areas

Observation 3: The uplink transmissions in the UL subband are subject to different interference levels, 
· It is depending on the frequency domain isolation between it and the DL subband. 
· It is depending on 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 parameters set. The resources contained in each area can be indicated by DCI. DCI format is similar to 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 15: UL subband resources can be divided into multiple areas and each area is mapped with a dedicated power control parameters set for compensating the inter-subband interference with different levels. The resources contained in each area can be indicated by DCI. 
Reference signals with different frequency densities
Reference signals may be needed to measure the interference levels between gNBs or between UEs. According to the analysis in Section 5.2, different areas with different frequency isolation from the aggressor lead to different interference levels. To save reference signal overhead, reference signals can be configured with different frequency densities in different areas. For example, as shown in Figure 10, the subband is divided into three areas. The Area1 is closest to the DL in frequency domain, thus the reference signal in the first part can be configured with higher frequency density. The Area3 is far away from the DL in the frequency domain, the interference level may be low in this area. Thus, the reference signal in this area can be configured with lower frequency density
Proposal 16: Different frequency densities can be configured for reference signals transmitted in different areas with different interference levels.

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: Prioritize the subband full duplex simulation and use the simulation results to guide and focus the solution/scheme discussion.  
Proposal 2: 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.

Basic framework of SBFD configuration
Observation 1: Transparent method with no specification impact for SBFD:
· Alt.1: Base station configures flexible symbols/slots to the UE via TDD-UL-DL-ConfigCommon and schedules DL/UL on these flexible symbols/slots according to existing rules. 
· Alt.2: Based station configures UE-specific TDD slot formats for different UEs via TDD-UL-DL-ConfigDedicated and schedules DL/UL based on UE-specific TDD slot formats according to existing rules. 
Transparent method with no specification impact for SBFD has the following drawbacks:
· It highly depends on the usage of flexible symbols, which are not commonly used and tested in the practical networks. 
· Without indicating the time/frequency resource of subband, UE is not possible to perform RF/digital subband filter for transmissions within the subband.
· At least for Alt.2, it is also subject to UE capability (i.e. FG 5-1a).

Observation 2: Transparent method without subband configuration for SBFD
· Alt.1: Base station allocates some fixed time/frequency resources in the DL symbols (or DL symbols plus flexible symbols) via implementation. UE transmits UL transmission in the fixed time/frequency resources of the DL symbols according to gNB’s scheduling. 
· Alt.2: Legacy UE follows the TDD slot format indicated by the legacy SIB or legacy UE-specific signalling. A new UE-specific TDD slot format is introduced for the SBFD UE, which can override the legacy TDD slot format indication/configuration. UE transmits UL transmission based on new UE-specific TDD slot format according to gNB’s scheduling/configuring.
Transparent method without subband configuration for SBFD has the following drawbacks:
· Without indicating the time/frequency resource of subband, UE is not possible to perform RF/digital subband filter for transmissions within the subband.

Proposal 3: RAN1 studies the following solution for subband full duplex: configure one/multiple subbands in one BWP.
· All the resource in the uplink subband are available for uplink transmission even if the uplink subband is overlapped with downlink or flexible symbols.
Proposal 4: RAN1 studies the following solution for subband full duplex: support dual active BWP pairs, where each BWP pair includes one DL BWP and one UL BWP.
· [bookmark: _GoBack]Different BWP pairs can be configured with different TDD slot configurations.
Proposal 5: RAN1 studies half-duplex CA based scheme for sub-band full duplex and taking directional conflict handling mechanism in R16 half-duplex CA as a starting point.
· Further study the necessity of enhancement to directional conflict handling mechanism if time allows in R18. 
Proposal 6: For Rel-18 duplex evolution, focus on the non-transparent method of SBFD configuration.
Details of SBFD framework
Proposal 7: RAN1 studies the following solution for subband full duplex: configure frame structure of SBFD for a UE
· Alt.1: The configuration is combined with tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated.
· Alt.2: The configuration is via new RRC signaling.
· Alt.3: Dynamic update of time domain location of the subband via DCI based on the frame structure of SBFD configured by Alt.1 or Alt.2.
Proposal 8: The location and bandwidth of subband can NOT be updated dynamically. 
Proposal 9: Further study whether base station can schedule DL in the UL subband for legacy UEs.
Proposal 10: RAN1 studies the following solution for subband full duplex:
· Time domain window can be defined for subband full duplex operation for better compatibility with less impact on legacy UE and procedures.
Proposal 11: Study potential enhancements for collision handling between UL and DL for SBFD aware UE.
Proposal 12: RAN1 further studies the resource allocation of relevant physical channels/signals in frequency domain and time domain for SBFD.
Proposal 13: RAN1 further studies the potential enhancements for initial access in the UL subband.

CLI management and cancellation
Proposal 14: For SBFD, different options of TA offset determination for avoiding inter-slot interference should be studied, 
· 
Option 1: set  for all UL resource;
· 
Option 2: define two values of  for UL transmission in UL subband and UL slot, respectively.
· 
 for UL subband
· 
 for UL slot

Observation 3: The uplink transmissions in the UL subband are subject to different interference levels, 
· It is depending on the frequency domain isolation between it and the DL subband. 
· It is depending on time domain areas where DL transmissions are scheduled or configured in DL subband. 

Proposal 15: UL subband resources can be divided into multiple areas and each area is mapped with a dedicated power control parameters set for compensating the inter-subband interference with different levels. The resources contained in each area can be indicated by DCI. 
Proposal 16: Different frequency densities can be configured for reference signals transmitted in different areas with different interference levels.
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