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Introduction
In RAN#94 e-meeting, a new study item, ‘Study on Evolution of NR Duplex Operation’, was approved to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum with some of objectives as follows [1]:
· [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).

In this contribution, we share our views on duplex evolution for NR TDD.

SBFD Operation at gNB
Resource allocation
In RAN1#112, the concept of so called dynamic SBFD was discussed where the following agreement was reached to further study:
Agreement
For dynamic SBFD,
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in the symbol configured as flexible in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
· 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
Dynamic SBFD should be compared with dynamic TDD and/or semi-static SBFD in terms of performance, implementation complexity, switching latency.
For each option, additional conditions may apply to determine whether the option is applicable.

In our view, if a RRC configured SBFD symbol/slot is overridden by a dynamic grant, some preparation timeline required at the UE side is needed to be met by the scheduler. Such a timeline is defined between the last symbol of DCI indicating overriding SBFD configuration and the first symbol of the dynamic grant (or the first SBFD symbol, whichever comes earlier). This timeline is needed similar to BWP switching, especially if a dynamic grant indicates UL transmission outside UL sub-band. Given that performance benefit for SBFD operation in general, and dynamic overriding of SBFD configuration in specific, is not clear yet, we prefer to de-prioritize this aspect. Having said that, we have the following proposal:
Proposal 1: For SBFD-aware UEs, DL receptions outside semi-statically configured DL subband(s) or UL transmissions outside semi-statically configured UL subband are not allowed.

In addition, there seems to be different understanding of how dynamic SBFD could be supported, if any. In RAN1#113, the following options was considered to support dynamic SBFD, if agreed.
· Option 1: Dynamic SBFD is achieved by scheduling DCI which is used to indicate whether the RBs in flexible subband are used for UL transmission or DL transmission. 
· Flexible subband is defined as 1 RB or a set of consecutive flexible RBs, which can be used for UL transmission, DL transmission, and guard band 
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine whether DL receptions outside semi-statically configured DL subband and/or UL transmission outside semi-statically configured UL subband are allowed.
· Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.
· Option 4: Dynamic SBFD is achieved by MAC-CE which indicates whether a symbol is SBFD symbol or not.
In our view:
· Option 1 is problematic, given that flexible sub-bands is not implementation friendly (it is like to have flexible BWP, something that was never specified, unless possibly under dynamic BWP switching where switching timeline shall be met).
· Option 2 is closest to our understanding of dynamic SBFD, which we discussed above under Proposal 1.
· Option 3 and Option 4 can be considered in R19, if work item is agreed.

In RAN1#112b-e, the case whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE, was further discussed. For a SBFD aware UE, UE behavior in non-SBFD and SBFD symbols may require different complexities/capabilities. For example, if a PUSCH transmission occasion within a slot spans both SBFD and non-SBFD (i.e. legacy TDD) symbols, UE may have to apply different transmission power to the same PUSCH on different symbols, which is NOT desired.

Proposal 2: UE does not expect a PUSCH transmission occasion spans in time both SBFD and non-SBFD symbols.
Conflict resolution
It was agreed in RAN1#110b-e that
Agreement
Identify if there are any cases of time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE 
· If there are, whether/how to avoid/handle such collision cases (as second step)

In our view, such collision should be limited to the scenarios that at least one of the resources is a higher configured resource, e.g. a SPS, CSI-RS etc for DL or UL-CG, periodic PUCCH, periodic SRS, ETC FOR UL. In other words, UE does not expect to be indicated to simultaneously transmit and receive within a SBFD symbol by two dynamic indications. This behaviour is consistent with legacy TDD symbols.   

Proposal 3: If within a SBFD symbol a SBFD aware UE is scheduled to simultaneously receive and transmit, respectively on DL and UL sub-bands, dynamic grant is prioritized.
If neither UL nor DL are dynamically indicated, UL resource is prioritized

We should note that once a dynamic grant cancels another grant, a cancellation timeline is defined which shall be met by the scheduler. Example is given in Fig. 1, where the PUSCH is an UL CG.
[image: ]
Figure 1: Dynamic grant for PDSCH cancels UL CG PUSCH. 

If SBFD slot and SSB have different periodicities, there can be SSB blocks that lie within SBFD slots. In RAN1, it has been discussed whether such overlapping is allowed. Some pros and cons related to support of UL sub-band in SSB symbols are observed, like providing more UL opportunities (depending on the SSB configuration, SBFD configuration etc) to the aggressor UE, while a half-duplex aggressor UE cannot make SSB measurement if needed, and in addition, UE-to-UE CLI may degrade the performance of SSB detection/measurement at the victim UE. The following agreement was reached in RAN1#112b-e

Agreement
Study the following options for SBFD operation in SSB symbols.
· Option 1: UL subband cannot be configured in an SSB symbol
· FFS handling of misaligned periodicities between SSB and semi-static SBFD subband time location configuration
· Option 2: An UL subband can be configured in an SSB symbol
· FFS whether/when and/or under which conditions an SBFD-aware UE transmits in the UL subband or may receive SSB in the symbol.

In our view, assuming that SSB blocks are within the DL sub-bands and there is enough gap between UL sub-bands and SSB blocks, such overlapping may be allowed. Next, the question is what should be the aggressor and victim UE behavior in case of such overlapping between SSB and SBFD symbols. Here we should note that in current specification, ssb-ToMeasure defines the set of SS blocks to be measured within the SMTC measurement window. A similar procedure can be used to indicate whether a SSB overlapping with UL sub-band is supposed to be measured or not. 

Proposal 4: gNB indicates a new bitmask based on which UE is indicated if a SSB block overlapping with SBFD symbols can be used for SSB measurement or for UL transmission. The bitmask can be cell-specific or UE specific.


UE-to-UE CLI measurement

It was agreed in RAN1#112 that: 
Agreement
For inter-UE inter-subband CLI measurement, study at least the following methods:
· Method#1: victim UE measures RSSI within DL subband
· FFS: Whether SINR can be measured
· Method#2: victim UE measures RSRP of aggressor UE within UL subband
· Method#3: victim UE measures RSSI within UL subband 
· Note: the restriction in Rel-16 that CLI is only measured within DL BWP does not forbid UE to measure CLI in UL subband when UL subband is confined within DL BWP.

In all the above methods, this is the victim UE the measures CLI. Such existing CLI can harm an on-going DL transmission toward victim UE, especially if the process of CLI measurement, reporting back to the NW, and CLI management/cancellation is not optimized. On the other hand, a potential aggressor UE (i.e., a UE in UL) can be indicated to measure CLI, and possibly refrain from UL transmission if measured CLI is more than an indicated threshold. CLI measurement by aggressor UE requires that the victim UE to transmit some UL transmission (e.g SRS) within UL sub-band to be measured by the aggressor UE (so victim UE which normally receives needs to transmit a beacon and UL UE which normally transmits needs to measure CLI). Although this procedure has its own complexities, but it benefits in the sense that victim UE is potentially more protected from aggressor UEs when an UL aggressor UE refrains from UL transmission if a nearby victim UE is identified. Given that UL sub-band for an aggressor UE shall be within UE’s UL BWP, UE cannot be indicated to measure CLI over a non-contiguous CSI-RS (or CLI-RSSI) resource that is out of UL sub-band. It is also important to note that the procedure to identify the victim and aggressor UEs shall also work for legacy victim UEs, for which no additional enhancement is envisioned. Obviously, legacy victim UEs cannot be asked to measure CLI but they can be indicated to transmit (e.g. SRS) in UL. 

Based on what we discussed, the following is proposed: 

Proposal 5: Potential aggressor UL UE can be indicated to measure CLI within UL sub-band.

Conclusion
In this contribution, we provided our views on CLI management for full-duplex operation at gNB. Based on what we discussed, the following proposals are made:
Proposal 1: For SBFD-aware UEs, DL receptions outside semi-statically configured DL subband(s) or UL transmissions outside semi-statically configured UL subband are not allowed.
Proposal 2: UE does not expect a PUSCH transmission occasion spans in time both SBFD and non-SBFD symbols.
Proposal 3: If within a SBFD symbol a SBFD aware UE is scheduled to simultaneously receive and transmit, respectively on DL and UL sub-bands, dynamic grant is prioritized.
If neither UL nor DL are dynamically indicated, UL resource is prioritized

Proposal 4: gNB indicates a new bitmask based on which UE is indicated if a SSB block overlapping with SBFD symbols can be used for SSB measurement or for UL transmission. The bitmask can be cell-specific or UE specific.

Proposal 5: Potential aggressor UL UE can be indicated to measure CLI within UL sub-band.
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