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1. Introduction

For reducing UL latency as well as to improve UL coverage, SBFD has been studied in Rel-18 and turn into normative work in Rel-19 with the following scope related to Tx/RX procedure as approved in [1]:
· Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]

· Transmission and reception behaviours on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only

· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands

Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including

· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols

· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG

In RAN1#116, the corresponding issues was discussed and the following agreements were achieved [2]:

Agreement

For discussion purpose, UL subband frequency resources within active UL BWP are called UL usable PRBs and DL subband(s) frequency resources within active DL BWP are called DL usable PRBs.

For determining UL/DL usable PRBs, consider the following options.

· Option 1: UL usable PRBs are determined as intersection between cell-specific UL subband and active UL BWP in SBFD symbols. DL usable PRBs are determined as intersection between cell-specific DL subband(s) and active DL BWP in SBFD symbols.

· Option 2: UL/DL usable PRBs are explicitly configured within active UL/DL BWP in SBFD symbols.

Agreement

For SBFD-aware UE transmission and reception in the SBFD symbols configured in DL and/or flexible in TDD-UL-DL-ConfigCommon, 
· UL transmissions within UL usable PRBs are allowed

· FFS SSB symbols

· DL receptions within DL usable PRBs are allowed

· UL transmissions outside UL usable PRBs are not allowed

· DL receptions outside DL usable PRBs are not allowed

· This restriction is not applicable for CLI measurement

CLI measurement behaviours for SBFD-aware UE are discussed in agenda item 9.3.3.

· RAN1 to discuss SBFD aware UE behaviors in SBFD symbols with interaction with legacy TDD slot configuration indications via TDD-UL-DL-ConfigDedicated and SFI in DCI format 2_0

· DCI format 2_0 cannot be used to revert SBFD symbol to non-SBFD symbol

In RAN1#116bis, RAN1 further discusses different options for frequency domain resource allocation [3]:
Agreement
For frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, discuss and decide whether/which of the following options is supported.
· Option 1-1: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only
· FFS: DMRS sequence mapping 
· Option 1-2: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs as legacy
· FFS: DMRS sequence mapping 
· Option 2: Introduce new RB indexing/PRB bundle indexing to ensure VRBs are mapped to DL usable PRBs only.
· Existing VRB-to-PRB mapping is reused
· Legacy TBS determination method is used

· FFS: DMRS sequence mapping 
· Option 3: Modify VRB-to-PRB mapping interleaver to ensure VRBs are mapped to DL usable PRBs only.
· Existing RB indexing/PRB bundle indexing is reused
· If the interleaver is not enabled, Option 1-1 or Option 1-2 is used
· Legacy TBS determination method is used

· FFS: DMRS sequence mapping 
In this contribution, we provided our view regarding Tx/Rx procedure for SBFD.  Note that this is a revision of R1-2402817.
2. Discussion 
Due to the introduction of UL subband and DL subband, the resource assignment for SBFD would require some further investigation and has been widely discussed/concluded during the study item phase. Given the DL reception is only allowed to be within DL subband, while the resource allocation for PDSCH is in the unit of RBG, the misalignment between RBG boundary and DL subband boundary would need to be taken care.  This so-called partial RBG issue was discussed for several meetings and the following agreement was reached [4][5]:

Agreement
For SBFD-aware UEs, Option 1 with update is agreed for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands for better resource utilization. 

For an RBG that overlaps the subband boundary,

· Option 1 (with update): 
· The Part of the DL RBG inside the DL subband can be used

· The Part of the UL RBG inside the UL subband can be used

Agreement

The following is to be captured in the TR:

The part of the RBG outside the DL subband cannot be used for DL reception and the part of the RBG outside the UL subband cannot be for UL transmission at least for semi-static SBFD.
In other words, due to the RBG granularity, the base station may assign RBG partially overlapping with DL subband, and the PDSCH is received on PRBs of the RBG within DL subband but not on PRBs of the RBG outside DL subband. 
On the other hand, the handling for un-aligned boundary between PRG and DL subband was also discussed [6]:
Conclusion
For a PRG that overlaps with subband boundary, if the part of DL PRG inside the DL subband can be used, better scheduling flexibility and resource utilization can be achieved, however degraded channel estimation quality in the partial PRG is expected compared to a PRG due to limited RBs in the partial PRG. 
· Note: UE complexity could increase if this feature is supported

The following conclusion is to be captured in the TR

If PRG is determined as wideband, better scheduling flexibility and higher DL data rate can be achieved if non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated. 
Compared to the case that PRG is determined as wideband and only contiguous frequency resources can be allocated, non-contiguous frequency resources across two DL subbands requires UE to handle two non- contiguous segments of contiguous RBs that may increase UE complexity for channel estimation.
The story for PRG would be somewhat different comparing with RBG since partial PRG reception would increase extra burden on channel estimation as well as degrading channel estimation performance since extra PRG size would be introduced and could has very limited number of PRBs comparing with the supported size, 2/4/continuous PRBs. Also, in terms of resource utilization, when PRG size is 2 or 4, the extra PRBs available when partial PRG is introduced would be rather marginal. Therefore, it is preferred that partial PRG is not introduced for SBFD, that is, a PRG is received only if all PRBs in a PRG are within DL subband.
Observation 1: As agreed in study item phase, it is beneficial to support receiving PDSCH on part of an RBG within DL subband and not on part of the RBG outside DL subband.

Observation 2: Partial PRG would induce extra burden on channel estimation and degrade channel estimation performance and the increase in resource utilization could be marginal.

Proposal 1: Partial PRG is not introduced for SBFD.

Proposal 2: When a RBG partially overlaps with DL subband, PRBs of the RBG is used for PDSCH if (1) PRB bundling is not enabled or (2) all PRBs in a same PRG are within DL subband.

3. Conclusion

In this contribution, we discuss issues related to Tx Rx procedure of subband non-overlapping full duplex and have the following observations/proposals:
Observation 1: As agreed in study item phase, it is beneficial to support receiving PDSCH on part of an RBG within DL subband and not on part of the RBG outside DL subband.

Observation 2: Partial PRG would induce extra burden on channel estimation and degrade channel estimation performance and the increase in resource utilization could be marginal.

Proposal 1: Partial PRG is not introduced for SBFD.

Proposal 2: When a RBG partially overlaps with DL subband, PRBs of the RBG is used for PDSCH if (1) PRB bundling is not enabled or (2) all PRBs in a same PRG are within DL subband. 
Reference

[1] RP-234035, “New WID: Evolution of NR duplex operation: Sub-band full duplex (SBFD)”.
[2] RAN1#116 Chairman’s note
[3] RAN1#116bis Chairman’s note
[4] RAN1#112bis Chairman’s note
[5] RAN1#114 Chairman’s note
[6] RAN1#113 Chairman’s note
