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1. Introduction
At RAN#95-e meeting, revised SID on NR duplex operation enhancements was approved with the objective as follows [1]:
	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:
1. Duplex enhancement at the gNB side
1. Half duplex operation at the UE side
1. 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).



In this contribution, possible solutions for subband non-overlapping full duplex and impact to legacy operation are discussed.
2. Discussions
2.1 DL/UL time and frequency resource partition
In Rel-15/16, gNB can configure/indicate a symbol as “DL” or “UL” or “flexible”, via time domain slot format indication. In Rel-18, with subband non-overlapping full duplex at gNB, there can be both DL subband(s) and UL subband(s) on the same symbol. In the companion contribution [2], we discussed possible frequency allocation patterns for subband non-overlapping full duplex study, e.g. UL subband in the middle part, and DL subbands in the edge parts. How to indicate the DL/UL time and frequency resource partition needs to be discussed. Two options can be considered for the configuration/indication of frequency domain D/U patterns for subband non-overlapping full duplex:
Option 1 is to consider enhancements based on existing time domain slot format indication. In this method, an additional frequency resource format pattern can be configured/indicated for a set of symbols/slots. One example is to indicate “D” or “U” for frequency domain resources, e.g. “D” for sub-band#1, “U” for sub-band#2, “D” for sub-band#3 for a set of slots (e.g. slots indicated as “flexible”). Another example is to indicate some frequency domain resources (e.g. sub-bands) as unavailable, e.g. for a symbol configured as “DL” by existing time domain slot format indication, a number of PRBs in the middle are indicated as unavailable. 
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Fig 1: Example of option 1 – enhancement based on existing slot format indication

Option 2 is to introduce new slot format indication signalling to indicate time and frequency domain resource partition, e.g. 2-D slot format indication with both frequency and time domain resource indications. 
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Fig 2: Example of option 2 - new slot format indication

Moreover, to minimize DL-UL interference, guard band between DL and UL subbands may be needed, which is up to evaluation results. 

Proposal 1: 
· In order to indicate DL/UL time and frequency resource partition pattern (including number of PRBs for UL/DL subband) for subband non-overlapping full duplex operation, enhancements based on existing slot format indication, or new slot format indication can be considered.
· Study whether/how to specify/indicate guard band between DL subband and UL subband, based on evaluation results.

Relationship of DL/UL time and frequency domain resource partition patterns among multiple cells also needs to be considered. For example, whether the same or different DL/UL time and frequency resource partition patterns for multiple cells should be studied in Rel-18:
Case 1: Same DL/UL time and frequency resource partition pattern for multiple cells.
Case 2: Different DL/UL time and frequency resource partition patterns for multiple cells.

For case 1, the inter-gNB cross link interference and inter-UE (inter-cell) cross link interference only comes from different subband. For case 2, the inter-gNB cross link interference and inter-UE (inter-cell) cross link interference may come from the same or different subband. 
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Fig 3: Example of cross link interference for cases of same and different DL/UL time and frequency resource partition patterns for multiple cells

Table 1: Analysis of interference considering same or different DL/UL time and frequency resource partition patterns for multiple cells
	
	Case 1: Same DL/UL time and frequency resource partition pattern for multiple cells.
	Case 2: Different DL/UL time and frequency resource partition patterns for multiple cells.

	Intra-gNB self interference
	from different subbands
moderate and manageable
	from different subbands
moderate and manageable

	Inter-gNB cross link interference
	from different subbands
moderate and manageable
	from same or different subbands
maybe difficult to handle

	Inter-UE cross link interference (intra-cell)
	from different subbands
moderate and manageable
	from different subbands
moderate and manageable

	Inter-UE cross link interference (inter-cell)
	from different subbands
moderate and manageable
	from same or different subbands
maybe manageable based on CLI measurement/ report and scheduling limitation



Observation 1: Situation of inter-gNB cross link interference and inter-UE (inter-cell) cross link interference may be different for cases of same and different DL/UL time and frequency resource partition patterns for multiple cells.

As analysed above, different DL/UL time and frequency resource partition patterns among multiple cells may require more careful interference handling. However, according to discussed use cases for duplex enhancement in the companion contribution [2], different cells may target different use cases, which may require different DL/UL time and frequency resource partition patterns among multiple cells. Moreover, same DL/UL time and frequency resource partition pattern may not be guaranteed if dynamic resource partition within one cell is supported. Therefore, both cases need to be studied.

Proposal 2: Study the same and different DL/UL time and frequency resource partition pattern for multiple cells in Rel-18.

2.2 UE transmission/reception behavior 
In Re-15/16/17, UE transmission/reception behavior based on slot format indication is specified in TS38.213. Figure 4 shows the example of Re-16 UE reception or transmission based on slot format indication. For dynamically scheduled/triggered DL reception or UL transmission, collision with UL or DL symbol can be avoided by gNB scheduling. For higher layer configured DL receptions or UL transmissions, DL reception or UL transmission will be cancelled if colliding with UL or DL symbol, except that UL collision for SSB/type-0 PDCCH and DL collision for valid PRACH occasion are not expected.
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Fig 4: Example of Re-16 UE reception or transmission based on slot format indication
 
With DL subband(s) and UL subband(s) may be configured on the same symbol for subband non-overlapping full band duplex operation, UE transmission and reception behavior needs to be clarified, e.g. whether/how to receive/transmit DL/UL channel/signal overlapping with a symbol including both DL and UL subbands (i.e. XDD (cross division duplex) symbol). 
For dynamically scheduled/triggered DL reception or UL transmission, collision with XDD symbol, or collision with unavailable resource on XDD symbol can be avoided by gNB scheduling, as shown in Fig.5. 
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Fig 5: Example of dynamically scheduled channels

For higher layer configured DL reception or UL transmission as shown in Fig.6, UE behavior for collision handling needs to be discussed. 
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Fig 6: Example of higher layer configured channels/signals

Since there are too many signals/channels, priority should be clarified for each channel. 
· Unlike data channels which is possible to be dynamically scheduled, SSB detection, PDCCH monitoring, valid PRACH occasion completely follow higher layer configuration. Discussions for SSB, PRACH, PDCCH collision handling should have highest priority.
· PUCCH report based on higher layer configuration is also important considering P/SP-CSI report and/or SR so that it can be considered as middle priority.
· Periodic or semi-persistent reference signals are important for MIMO operation (e.g. beam management, CSI feedback, etc.), which may affect link performance. 
· SPS PDSCH and/or CG PUSCH are important for IIoT/URLLC/XR services, which may be important use case for subband non-overlapping duplex so that it can be considered as middle priority.

Proposal 3: For Rel-18 subband non-overlapping full duplex, 
· UE behavior needs to be clarified with respect to collision with a set of symbols/slots with partitioned DL and UL frequency resources, at least for higher layer configured channels/signals. 
· Study collision handling of channels with higher priority first, e.g. SSB, PRACH and PDCCH collision handling as highest priority for study.

For collision handling with XDD symbol for higher layer configured DL reception or UL transmission, three alternatives can be considered. And different alternative may be applicable to different collision cases.
· Alt 1: UE does not expect such collision. 
· Alt 2: Separate higher layer DL reception or UL transmission configuration for set of symbols/slots with and without partitioned DL and UL frequency resources, e.g. separate PDCCH monitoring configuration or PUCCH resource configuration.
· Alt 3: No separate configuration, but special handling is needed if higher layer configured DL/UL channel/signal colliding with a set of symbols/slots with partitioned DL and UL frequency resources.

For Alt 1, no specification impact is needed. It is up to gNB to guarantee no collision with XDD symbol or unavailable resource on XDD symbol. It may lead to too restricted scheduling/configuration. For Alt 2, there is little impact on legacy UE operation, and special handling for collision with XDD symbol or unavailable resource on XDD symbol is not needed. But it may bring complexity to both NW and UE due to multiple sets of configurations, with different configurations applicable to different set of symbols/slots. For Alt 3, special handling needs to be defined, and new special handling for subband non-overlapping full duplex capable UE may have impact on broadcast channels/signals reception/detection for legacy UEs.

	
	Pros
	Cons

	Alt 1
	No specification impact.
	Too restricted scheduling/configuration.

	Alt 2
	Little impact on legacy UE operation; no need to define special handling for collision with a set of symbols/slots with partitioned DL and UL frequency resources
	Complexity due to multiple sets of configurations, with different configurations applicable to different set of symbols/slots.

	Alt 3
	Common configuration always applicable.
	Special handling needs to be defined, and new special handling may have impact on broadcast channels/signals reception/detection for legacy UE.



Proposal 4: For Rel-18 subband non-overlapping full duplex, for collision with a set of symbols/slots with partitioned DL and UL frequency resources, at least for higher layer configured channels/signals, three alternatives can be considered:
· Alt 1: UE does not expect such collision.
· Alt 2: Separate higher layer DL reception or UL transmission configuration for set of symbols/slots with and without partitioned DL and UL frequency resources, e.g. separate PDCCH monitoring configuration or PUCCH resource configuration.
· Alt 3: No separate configuration, but special handling is needed if higher layer configured DL/UL channel/signal colliding with a set of symbols/slots with partitioned DL and UL frequency resources.
3. Conclusion
In this contribution, we discussed subband non-overlapping full duplex. We have the following proposals and observations:
Proposal 1: 
· In order to indicate DL/UL time and frequency resource partition pattern (including number of PRBs for UL/DL subband) for subband non-overlapping full duplex operation, enhancements based on existing slot format indication, or new slot format indication can be considered.
· Study whether/how to specify/indicate guard band between DL subband and UL subband, based on evaluation results.
Observation 1: Situation of inter-gNB cross link interference and inter-UE (inter-cell) cross link interference may be different for cases of same and different DL/UL time and frequency resource partition patterns for multiple cells.
Proposal 2: Study the same and different DL/UL time and frequency resource partition pattern for multiple cells inRel-18.
Proposal 3: For Rel-18 subband non-overlapping full duplex, 
· UE behavior needs to be clarified with respect to collision with a set of symbols/slots with partitioned DL and UL frequency resources, at least for higher layer configured channels/signals. 
· Study collision handling of channels with higher priority first, e.g. SSB, PRACH and PDCCH collision handling as highest priority for study.
Proposal 4: For Rel-18 subband non-overlapping full duplex, for collision with a set of symbols/slots with partitioned DL and UL frequency resources, at least for higher layer configured channels/signals, three alternatives can be considered:
· Alt 1: UE does not expect such collision.
· Alt 2: Separate higher layer DL reception or UL transmission configuration for set of symbols/slots with and without partitioned DL and UL frequency resources, e.g. separate PDCCH monitoring configuration or PUCCH resource configuration.
· Alt 3: No separate configuration, but special handling is needed if higher layer configured DL/UL channel/signal colliding with a set of symbols/slots with partitioned DL and UL frequency resources.
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