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1. Introduction
Study on evolution of NR duplex operation was approved in Rel-18 with 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 the current status of Rel-18 study and our views on duplex evolution in Rel-19.
2. Rel-18 study status
2.1. Current status of SBFD study
The evaluation scenarios, methodologies and evaluation assumptions for SBFD have been finalized in RAN1. Four cases are agreed to be considered for evaluation, where Case 2 and Case 3-1 are considered with relatively lower priority.
	-	SBFD Deployment Case 1 (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.
-	SBFD Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation, but different cells may use different SBFD subband configurations.
-	SBFD Deployment Case 3 (Co-channel co-existence case): One single operator using one single carrier is considered. Among the cells belonging to the operator, some of them use legacy TDD operation (static TDD operation) while the others use SBFD operation with the same SBFD subband configuration.
-	Deployment Case 3-1: Only 1-layer is considered 
-	Deployment Case 3-2: 2-layer is considered. Layer 1 uses legacy static TDD operation, Layer 2 uses SBFD operation. All the gNBs in Layer 2 use the same SBFD subband configuration.
-	SBFD Deployment Case 4 (Adjacent-channel co-existence case): Two operators each using one carrier are considered and the two carriers are adjacent carriers. One operator uses legacy TDD operation (static TDD operation) while the other operator uses SBFD operation with the same SBFD subband configuration.



System-level simulations (SLS) were agreed for SBFD evaluation with performance metrics of UPT (User Perceived Throughput), latency, unfinished/dropped packet rate and RU (Resource Utilization). In addition, link-level simulations (LLS) may be performed at least for coverage performance evaluation in which case MPL, MCL and MIL defined in TR38.830 are used as the performance metrics.
Initial SLS results from companies have been submitted to RAN1 and the following observation was agreed in RAN1#113 in May for indoor scenario (FR1) in SBFD deployment case 1, where SBFD Alt 2 and SBFD Alt 4 are defined as follows. 
-	Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
-	Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
-	SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about 20% of the channel bandwidth.
-	Alt 4 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
-	Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
-	SBFD: Frame structure#3 (XXXXX), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about 20% of the channel bandwidth.
	Agreement
The following is agreed in principle with possibility for revision if necessary.
Capture the following in TR38.858 section 7.3.1 as summary of observations for indoor scenario (FR1) in SBFD deployment case 1:
For indoor scenario (FR1) in SBFD deployment case 1, in case of using SBFD Alt 4 and large packet size, semi-static SBFD achieves higher mean and 5% UL Average-UPT than legacy TDD for all load levels, where the gain at least comes from more UL transmission opportunities for semi-static SBFD compared to legacy TDD, and semi-static SBFD has higher or lower mean and 5% DL Average-UPT than legacy TDD for all load levels, where the gain at least comes from the more DL transmission opportunities for semi-static SBFD compared to legacy TDD. In case of using SBFD Alt 4 and small packet size, semi-static SBFD achieves significantly higher mean and 5% UL Average-UPT than legacy TDD for all load levels, where the gain at least comes from more UL transmission opportunities for semi-static SBFD compared to legacy TDD, and semi-static SBFD achieves higher mean and 5% DL Average-UPT than legacy TDD for all load levels, where the gain at least comes from more DL transmission opportunities for semi-static SBFD compared to legacy TDD. In case of using SBFD Alt 2 and large or small packet size, semi-static SBFD achieves significantly higher mean and 5% UL Average-UPT than legacy TDD for all load levels, where the gain at least comes from more UL resources and more UL transmission opportunities for semi-static SBFD compared to legacy TDD, and semi-static SBFD has lower mean and 5% DL Average-UPT than legacy TDD, where the loss for SBFD at least comes from less DL resources for semi-static SBFD compared to legacy TDD. Compared to semi-static SBFD with (Alt4), semi-static SBFD with (Alt2) achieves more mean and 5% UL Average-UPT gains but more mean and 5% DL Average-UPT losses, for both large packet size and small packet size.



In the next RAN1 meeting in August, more evaluation results are expected to be submitted and more observations are expected to be drawn.

Possible solutions for SBFD were also studied in RAN1, focusing on:
· SBFD operation within a carrier
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· SBFD operation in symbols configured as DL and flexible in TDD-UL-DL-ConfigCommon with maximum of one UL subband
· SBFD operation for RRC_CONNECTED state
It was agreed as baseline that for SBFD operation at least for RRC_CONNECTED state, both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs. Both semi-static SBFD and dynamic SBFD were discussed. For semi-static SBFD, UL transmissions outside semi-statically UL subband and DL receptions outside semi-statically configured DL subband(s) are not allowed. For dynamic SBFD, DL receptions outside semi-statically configured DL subband(s) are allowed in order to fallback to a full DL symbol, while UL transmissions outside semi-statically UL subband are not allowed in DL symbols and may or may not be allowed in flexible symbols configured in TDD-UL-DL-ConfigCommon. The performance benefits of dynamic SBFD and the candidate solutions to support dynamic SBFD are still pending in RAN1.
In addition, various potential enhancements for transmissions and receptions for SBFD aware UEs were studied, e.g. for transmissions and receptions across SBFD symbols and non-SBFD symbols, non-contiguous resource allocation across two DL subbands, unaligned boundaries between resource block group(s)/reporting subband(s) and SBFD subbands etc.
Inter-UE CLI handling schemes specific for SBFD were also studied including UE measurements within DL subband(s) and within UL subband. Note that inter-gNB and inter-UE CLI handling schemes that are common for both SBFD and dynamic/flexible TDD are discussed in AI 9.3.3 in RAN1 together with CLI handling schemes that are specific for dynamic TDD.

The study for the implementation feasibility of SBFD is still on-going in RAN4. For BS feasibility study, it is RAN4’s common understanding that legacy BS cannot support SBFD without implementation improvement. In order to solve the problem of self-interference, co-site inter-sector interference and inter-site inter-sector interference, some technologies may need to be used. The technologies mentioned in the study are digital self-interference cancellation, sub-band filter, beam nulling, improved antenna isolation, improved Rx linearity, etc.
For the BS self-interference study, RAN4 has reached the following agreement.
· For implementation feasibility study, RAN4 confirm FR1 MR and LA SBFD gNB with 1dB sensitivity degradation due to self-interference is achievable.
There is no conclusion on the self-interference study for FR1 WA BS and FR2 BS. There is no conclusion on the co-site inter-sector interference either. The study will be continued in future RAN4 meetings.
For UE RF feasibly study, half duplex operation at the UE side is assumed as stated in the SID. Legacy UE capabilities, such as ACLR, ACS, IBE, etc., are used to do the study. There was some discussion on the sub-band filter for SBFD aware UE, but no conclusion was reached.
RAN4 is conducting adjacent channel co-existence evaluation for SBFD. The scenario of SBFD channel adjacent with legacy TDD channel is simulated. According to the simulation results submitted by companies, the followings are agreed.
· For FR1 Urban Macro->FR1 Urban Macro scenario and case 1 (aggressor SBFD DU victim NR TDD DL)
· All the simulation results for 100% grid shift show SINR/throughput degradation is acceptable. 
· For FR2 Urban Macro->FR2 Urban Macro scenario and case 1 (aggressor SBFD DU victim NR TDD DL)
· All the simulation results with 100% grid shift based on baseline assumption show SINR/throughput degradation is acceptable.  
More inputs and discussions are expected for other scenarios and cases in the future RAN4 meetings.
The impacts on SBFD capable BS RF requirements are studied in RAN4. The study has not been concluded completely. Some preliminary agreements are reached as following.
The existing RF requirements with respect to wanted signal as below are still applicable within SBFD time slot: 
	Conducted RF requirement 
	Radiated RF requirement 

	BS output power
Output power dynamics
Transmitted signal quality
Occupied bandwidth 
Dynamic range
	Radiated transmit power
OTA base station output power 
OTA output power dynamics
OTA transmitted signal quality
OTA occupied bandwidth
OTA dynamic range



For the new requirements discussion, one requirement is agreed, i.e. OTA sensitivity in SBFD time slot with self-interference only. The exact requirement will be decided in WI phase considering [0.5-1] dB. Some details are still not decided such as whether or not conducted requirement is needed. Some other requirements are also discussed without conclusion yet, for example, in-channel adjacent sub-band leakage requirements, in-channel adjacent sub-band selectivity requirements, transition ON-OFF power, Tx intermodulation, co-location and co-existence, dynamic range, etc. RAN4 will continue the discussion in future meetings.
The collection of regulatory information is conducted in RAN4. No clear regulations exist until the latest RAN4 meeting. Companies provided some information for TDD deployment. RAN4 is discussing the wording on how to summarize the regulation status in TR.

2.2. Current status of dynamic/flexible TDD study
For dynamic/flexible TDD evaluation, the following scenarios are considered. SLS is used for evaluation.
	-	FR1
-	1-layer scenario
-	Indoor office
-	(Optional) Urban Macro
-	2-layer Scenario B
-	Layer 1: Urban Macro
-	Layer 2: 
-	Baseline: Indoor office
-	Optional: Indoor factory
-	FR2-1
-	1-layer scenario
-	Indoor office
-	(Optional) Dense Urban Macro layer



For gNB-to-gNB inter-cell co-channel interference handling, the following solutions are studied.
· gNB-to-gNB co-channel CLI measurement for gNB-to-gNB CLI handling 
· Coordinated scheduling for time/frequency resources between gNBs 
· Spatial domain coordination method for gNB-to-gNB CLI handling
· UE and gNB transmission and reception timing 
· Power control based solution 
For UE-to-UE inter-cell co-channel interference handling, the following solutions are studied.
· UE-to-UE co-channel CLI measurement and reporting for UE-to-UE co-channel CLI handling
· Coordinated scheduling for time/frequency resources between gNBs (if needed) for UE-to-UE co-channel CLI handling 
· Spatial domain coordination method for UE-to-UE co-channel CLI handling 
· UE and gNB transmission and reception timing 
· Power control based solution
Initial observations are agreed for some of the solutions to be captured into the TR, including:
For gNB-to-gNB co-channel CLI measurement and/or channel measurement,
· NZP CSI-RS/SSB (including both CD-SSB and NCD-SSB)
· UL resource muting
· The benefit of knowledge among gNBs of semi-static SBFD time and frequency configuration
It is expected that more conclusions would be made in the next RAN1 meeting in August.
3. Rel-19 duplex evolution
While the study is ongoing in RAN1 and RAN4, at least for indoor scenario (FR1), UL UPT gain of semi-static SBFD has been observed. The implementation feasibility for 1dB sensitivity degradation due to self-interference for FR1 MR and LA SBFD gNB has also been confirmed in RAN4. So SBFD is feasible and beneficial at least in certain scenarios. We therefore support normative work of SBFD in Rel-19. 
Proposal 1: Support normative work of SBFD in Rel-19.

On a high-level, we need to discuss whether SBFD operation is limited for RRC_CONNECTED state and whether dynamic SBFD is included or not. From our perspective, we see the benefits to support PRACH and Msg3 transmissions in UL subband, which can potentially reduce the latency of random access, reduce the collision probability, improve the coverage of PRACH and Msg3 and avoid the UL resource fragmentation in full UL symbols. To support PRACH transmissions in UL subband, RO validation rules may need to be updated. But it is not specific to PRACH transmissions in RRC_IDLE/RRC_INACTIVE. If PRACH transmissions in UL subband are supported for UEs in RRC_CONNECTED, same update is needed. Besides, in order to support random access in UL subband in RRC_IDLE and RRC_INACTIVE states, SBFD time and frequency locations need to be configured in SIB. We do not consider this as additional restriction. From our perspective, we think it is reasonable to configure SBFD time and frequency locations in SIB in order to reduce RRC signalling overhead, considering that the configurations are expected to be common for UEs within the serving cell. Therefore, we do not prefer to limit SBFD operation for RRC_CONNECTED state only.
Proposal 2: SBFD operation in Rel-19 is not limited for RRC_CONNECTED state.

For dynamic SBFD, the main motivation is for better resource adaptation between DL and UL based on UL/DL traffic ratio, which clearly requires more specification efforts. Based on our simulation results [2], we observed that:
· Compared with semi-static SBFD, dynamic SBFD outperforms in DL but degrades the performance in UL;
· Compared with dynamic TDD, dynamic SBFD case 1 (Option 2) outperforms in DL but degrades the performance in UL; dynamic SBFD case 2 (Option 3) brings limited benefit in both DL and UL.
Option 2 and Option 3 above are as follows based on RAN1 agreement.
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· UL transmissions outside the semi-statically configured UL subbands are not allowed
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed
· UL transmissions outside the semi-statically configured UL subbands are allowed
Besides, the views on how to support dynamic SBFD are divergent. At least four options were identified. In order to limit the scope to a reasonable level in Rel-19, we prefer to consider semi-static SBFD only in Rel-19.
Proposal 3: Consider semi-static SBFD only, i.e. dynamic SBFD is not considered in Rel-19.

From design perspective, we think the scope at least includes the following aspects:
· SBFD subband time and frequency location indication
· Enhancements for transmissions and receptions for SBFD aware UEs
Based on the study in RAN1, baseline assumption is that both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs. SBFD subband time and frequency location indication needs to be specified. For indication of subband locations for SBFD operation, only semi-static configuration of subband time and frequency location needs to be considered based on the proposal to consider semi-static SBFD only. 
For enhancements for transmissions and receptions for SBFD aware UEs, various enhancements to PDCCH, PDSCH, PUSCH, PUCCH, CSI-RS and SRS were studied during SI phase e.g. for transmissions and receptions across SBFD symbols and non-SBFD symbols, non-contiguous resource allocation across two DL subbands, unaligned boundaries between resource block group(s)/reporting subband(s) and SBFD subbands etc. Among the physical channels and signals, we prefer to de-prioritize PDCCH considering the significant impact on UE implementation, specification efforts etc. Besides, collision handling also needs to be considered for SBFD aware UEs since UE is only capable of half-duplex operation. 
For SBFD specific CLI handling, the study focused on inter-UE inter-subband CLI handling. For both measurements in DL subband(s) and in UL subband, existing framework can be reused to a large extent. Specification efforts, if any, would be quite limited according to our understanding.
RAN4 requirements should be specified.

For the enhancement of CLI handling for both gNB-to-gNB inter-cell co-channel interference and UE-to-UE inter-cell co-channel interference scenario, based on the study from SI, co-channel CLI measurement for CLI handling and coordinated scheduling for time/frequency resource should be prioritized, including L1/L2 based UE-to-UE CLI measurement and exchange of semi-static SBFD time and frequency configuration for coordinated scheduling etc. 
Proposal 4: For inter-cell co-channel interference handling, based on the outcome of the SI, specify enhancement for co-channel CLI measurement/reporting and coordinated scheduling between gNBs.
4	Conclusion
In this contribution, we share our views on duplex evolution in RAN Rel-19. The proposals are summarized in the following. 
Proposal 1: Support normative work of SBFD in Rel-19.
Proposal 2: SBFD operation in Rel-19 is not limited for RRC_CONNECTED state.
Proposal 3: Consider semi-static SBFD only, i.e. dynamic SBFD is not considered in Rel-19.
Proposal 4: For inter-cell co-channel interference handling, based on the outcome of the SI, specify enhancement for co-channel CLI measurement/reporting and coordinated scheduling between gNBs.
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