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Introduction
A new Study Item “Study on evolution of NR duplex operation” has approved for Rel-18 [1]. It targets studying the feasibility of allowing the simultaneous existence of downlink and uplink, a.k.a. full duplex, or more specifically, subband non-overlapping full duplex at the gNB side within a conventional TDD band. Half duplex operation is still assumed at UE side. 
The current NR specifications already support dynamic allocation of the downlink and uplink symbols in time domain, namely dynamic/flexible TDD. Nevertheless, further enhancement might be needed to address the new challenges brought by subband full duplex. In this paper, we discuss some potential enhancements for slot format and CLI (Cross Link Interference) handling.
Discussion
2.1 Slot format indication
In current NR, slot format is used to configure downlink symbols, uplink symbols and flexible symbols for a slot or a few consecutive slots. More specifically, a UE determines a slot format based on jointly semi-static RRC configuration of slot format and dynamic SFI (slot format indicator) carried by DCI format 2_0 with CRC scrambled by SFI-RNTI, with the following rule shown in Table 1:
	Symbol indicated by semi-static slot format
	Symbol indicated by dynamic slot format 
(SFI in DCI 2_0)

	
	DL
	UL
	Flexible

	DL
	allowed
	Not allowed
	Not allowed

	UL
	Not allowed
	allowed
	Not allowed

	Flexible
	allowed
	allowed
	allowed


Table 1: Joint RRC-based and DCI-based determination of slot format

The current slot format to a UE applies to the whole serving cell. From a gNB point of view, although slot format configuration/indication could be per UE, a typical gNB implementation would not allocate different directions at the same time (symbol) to different UEs to avoid DL/UL interference among different UEs and within gNB (transmit and reception circuits). 
In the context of subband non-overlapping full duplex, it is necessary to consider slot format as per subband to enable the flexible usage of the DL/UL over different subbands. Then the natural question would be, is it sufficient to let gNB implementation to handle this? In other words, there is still one slot format per cell being visible from UE perspective. In order to achieve this, the UE’s active BWP must contain no more than one single subband. The UEs transmitting UL and the UEs receiving DL are assigned to the different SFIs. Then it corresponds to different subbands. The advantage of this method is that the UE can behave as in the legacy without need for processing multiple per-subband SFIs. Besides, the inter-subband guard band can be semi-statically configured by gNB to be excluded from UE’s BWP. The design can be transparent to the UE. The disadvantage would be the coexistence of DL and UL by the non-overlapping full duplex at the gNB is achieved only for the UEs that have been assigned different different SFIs. Since which SFI is received by UE is semi-static configuration, it might not be easy to adapt to fast change of traffic demand.

As a further enhancement, UE can be indicated multiple slot formats, each for a subband. Although the specification effort and UE complexity could be larger compared to the first method, the overall resource utilization is improved. For example, in terms of the inter-subband guard band, if subband-specific SFIs indicate different symbol direction for two adjacent subbands, UE would assume a guard band between these two adjacent subbands, otherwise no guard band is assigned. 
In case that UE can be indicated multiple subband-specific SFIs, the following possibilities can be considered.
Option 1: Multiple SFIs are indicated in DCI format 2_0
· Multiple SFI fields in DCI format 2_0 for a cell are configured to UE. 
· Figure 1 shows an example for 4-subband case. In the current SFI indication, there is one SFI field like Figure 1(a). In this option, there are 4 SFI fields corresponding to 4 subbands like Figure 1(b).
· Although this option would have full flexibility, overhead of SFI indication is increased as the number of subbands.
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[bookmark: _Ref90915099]Figure 1. Example of SFI fields in DCI format 2_0 in option 1 (4 subbands)
Option 2: Slot formats for each subband are configured in slot format combination table
· [bookmark: _Hlk512253773]The current slot format combination table is like Figure 2(a) (i.e., multiple slot formats are associated with slot format combination ID). Values in the table are slot format defined in Table 11.1.1-1 in 38.213.
· In this option, entry of subband is added to the table like Figure 2(b). Slot formats for all subbands are configured for each SF combination ID.	
· No need to change SFI indication and field in DCI format 2_0 from the current specification.
· Compared to option 1, overhead in DCI format 2_0 can be reduced (although it depends on the number of SF combination IDs).
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[bookmark: _Ref90973513]Figure 2. Example of slot format combination table
For both options, semi-static slot configuration (tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated) is also configured for each subband.
To summarize, we propose the following:
Proposal 1: Per-subband slot format should be considered to enable flexible resource allocation over different subbands at least from gNB perspective. Further discuss whether UE can be configured with multiple per-subband slot formats for a cell. 

0. CLI handling
In current NR, SRS-RSRP and CLI-RSSI can be used for CLI measurement. As specified in TS 38.215, SRS-RSRP is defined as "linear average of the power contributions of the SRS to be measured over the configured resource elements within the considered measurement frequency bandwidth in the time resources in the configured measurement occasions". Also in TS 38.215, CLI-RSSI is defined as "linear average of the total received power observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over the configured resource elements for measurement by the UE". These two measurements are reported by RRC i.e. L3 based. 
When subband non-overlapping full duplex is deployed, CLI measurement would play a crucial role for gNB scheduling strategy, e.g. to determine whether to allow DL/UL transmission in adjacent frequency resources and if so, how large guard band should be. The existing SRS-RSRP and CLI-RSSI cannot meet such need and some enhancements are needed.
Firstly, since SRS-RSRP and CLI-RSSI measurement are L3 based reporting, it is more useful to reflect the long-term situation. However, in some cases, CLI is more relevant with UE Tx power and the relative location between the interfering source and victim. It is more important to identify the interference in a timely manner. In such case, it would be more useful for the scheduler to have a prompt report, such as L1 measurement/report. 
Secondly, when beamforming is used, the interference could be dramatically different depending on the beam directions. Consider the Figure 3 as an example. UE #1 may not suffer from strong CLI from UE#2 if UE #1 applies Rx beamforming and UE #2 applies Tx beamforming. Therefore, spatial domain enhancement can be considered to facilitate efficient UE paring to avoid UE-UE interference. For example, UE can report one or several strongest interfered beam directions together with CLI-RSSI. 
[image: ]
Figure 3. CLI is impacted by beamforming
In summary, the following is proposed.
Proposal 2: For CLI measurement and reporting, further discuss the following enhancements:
· L1 report, instead of or on top of L3 report, to aid scheduling decision
· How to include spatial domain information to facilitate efficient UE pairing to avoid UE-UE interference

Conclusion
In this paper, we discuss the potential enhancements on dynamic/flexible TDD regarding slot format and handling. The following are proposed:
Proposal 1: Per-subband slot format should be considered to enable flexible resource allocation over different subbands at least from gNB perspective. Further discuss whether UE can be configured with multiple per-subband slot formats for a cell. 
Proposal 2: For CLI measurement and reporting, further discuss the following enhancements:
· L1 report, instead of or on top of L3 report, to aid scheduling decision
· How to include spatial domain information to facilitate efficient UE pairing to avoid UE-UE interference
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