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Introduction
In RAN1 110 meeting, some agreements and conclusion on subband non-overlapping full duplex was approved [1], as shown in the following:
Agreement:
Study the following alternatives with Alt 4 prioritized, for SBFD operation at least for RRC_CONNECTED state.
· SBFD operation Alt 1:
· Time and frequency locations of subbands for SBFD operation are not known to UEs. 
· UE behaviors follow existing specifications without introducing new UE behaviors for SBFD operation at gNB side.
· SBFD operation Alt 2:
· Time and frequency locations of subbands for SBFD operation are not known to UEs. 
· UE behaviors for non-SBFD aware UEs follow existing specifications.
· From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs
· SBFD operation Alt 3:
· Only time location of subbands for SBFD operation is known to SBFD aware UEs. 
· UE behaviors for non-SBFD aware UEs follow existing specifications.
· From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs based on the time location of subbands for SBFD operation 
· SBFD operation Alt 4:
· Both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs. 
· UE behaviors for non-SBFD aware UEs follow existing specifications.
· From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs based on the time and frequency locations of subbands for SBFD operation.
UE capability discussion is held in work item phase.

Agreement:
For indication of subband locations for SBFD operation, study semi-static configuration of subband time and frequency location as baseline.
Agreement
For semi-static configuration of subband location, consider same subband frequency resources across different SBFD symbols as baseline.
Working Assumption
For SBFD operation within a TDD carrier, study SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies as baseline. 
· FFS feasibility and potential benefit of SBFD scheme within a single configured DL and UL BWP pair with unaligned center frequencies
· FFS feasibility and potential benefit of SBFD scheme with more than one configured DL and UL BWP pair with aligned/unaligned center frequencies for a DL and UL BWP pair
Agreement
For SBFD operation Alt 4, for an SBFD aware UE configured with an UL subband in an SBFD symbol, study the following options:
· Option 1: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband or to be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 2: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband and may be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 3: The SBFD aware UE does not expect to be scheduled with DL reception within the UL subband and may be scheduled with UL transmission outside the UL subband in the SBFD symbol
· Option 4: The SBFD aware UE may be scheduled with UL transmission outside the UL subband or DL reception within the UL subband in the SBFD symbol
Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI measurement and reporting, which can be specific for SBFD, at least includes:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB
Note: other enhancement(s) for gNB-to-gNB and UE-to-UE CLI handling specific for SBFD are not precluded.

In this document, we focus on potential enhancements on subband non-overlapping full duplex.
Discussion 
First of all, because subband has been a long-time used terminology in RAN1/RAN2/RAN4 for resource allocation and MIMO functionalities, the simple plain use of “subband” in SBFD discussion could be confusing and misleading regarding to the configuration, granularity, applicable functionality and etc, especially for people not involving in RAN1 SBFD discussion and in case where the SBFD becomes non-transparent to resource allocation and MIMO. So we prefer to use in future SBFD discussion a new terminology that can hold what the current “subband” in SBFD discussion stands for (hopefully not to cause the revision of WID) and meanwhile avoid confusion from what the name of “subband” can represent in existing spec for resource allocation and MIMO. “Duplexing subband” seems a good candidate to meet the target.  
Proposal 1: Use a new terminology such as “duplexing subband” to replace “subband” in SBFD discussion.    
1.1 Alt 4 solution  
Four SBFD operations are considered for at least for RRC_CONNECTED state and Alt 4 is prioritized. For Alt 4, there are some open issues to be discussed:
Frequency resource indication of SBFD
According to agreement in last meeting, it is baseline that same subband frequency resources across different SBFD slot is configured semi-statically. However, Active frequency location and bandwidth for UE is determined by a given BWP, of which size can be smaller than the whole bandwidth of carrier, as shown in Figure 1. Moreover, BWP can be switched dynamically, so frequency resource of SBFD within active BWP may be changed. It is open issue how to interact between BWP and SBFD. There are two solutions, including BWP-specific SBFD and carrier-specific SBFD.
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Figure 1 Frequency resource of SBFD

· BWP-specific SBFD
Frequency resource of SBFD within one BWP is configured for each BWP. In that case, Frequency resource of SBFD in each BWP can be different to ensure that frequency resource of SBFD in carrier keeps consistent. When BWP switches, frequency resource of SBFD within one BWP is changed accordingly. 
· Carrier-specific SBFD
Frequency resource of SBFD within one carrier is configured for carrier. In that case, frequency resource of SBFD may be within one active BWP or out of active BWP. So frequency resource of SBFD within one carrier needs to be converted to frequency resource in active BWP. In some BWPs, frequency bandwidth of SBFD becomes smaller and in some BWPs, there is no UL subband.
Proposal 2: Interaction between BWP operation and SBFD operation needs to be studied.
Time resource indication of SBFD 
The intention to support SBFD is to use some frequency resource in DL symbol to improve transmission latency and coverage. However, it is not clear which symbol can be configured with UL subband explicitly. 
· DL symbol: From perspective of SBFD intention, it is beneficial to configure UL subband in DL symbol and it is necessary to indicate UL subband location explicitly to avoid DL reception in UL subband. 
· Flexible symbol: For legacy UE, flexible symbol (configured in TDD-UL-DL-ConfigCommon) is only one available symbol type to support SBFD operation on gNB side. And more symbols containing UL subband is beneficial for uplink transmission latency and coverage. So it is necessary and beneficial to support UL subband in flexible symbol. Furthermore, explicit indication for UL subband location can avoid DL reception in UL subband and apply suitable uplink parameters for UL subband when flexible symbol is used to downlink transmission.
· UL symbol: UL symbol is originally used for uplink transmission, so it is not necessary to configure UL subband in uplink symbol. 
Proposal 3: UL subband can be explicitly configured in DL symbol and flexible symbol.
UE behaviors for non-SBFD aware UEs
For non-SBFD aware UE, the time and frequency resource of SBFD is transparent. 
From perspective of time domain, SBFD symbol from gNB perspective can contain both a group of REs actually used as DL for one UE and another group of REs actually used as UL for another UE. Then the SBFD symbol should be configured as flexible symbol by a cell-specific TDD-UL-DL-ConfigCommon, followed by either of the following configuration or indication already supported in current spec:
· The symbol is further configured as DL symbol or UL symbol by UE-dedicated TDD-UL-DL-ConfigDedicated; or 
· The symbol is further indicated as DL symbol or UL symbol by dynamic SFI.  
With time-domain transparency, the amount of SBFD symbols is restricted by the amount of flexible symbols in TDD-UL-DL-ConfigCommon.  
The frequency-domain transparency of an UL subband needs to meet two conditions: 
· Condition-1: An UL transmission from a UE can be controlled in a transparent way to not exceed the bandwidth of a certain block of RBs in frequency domain;
· Condition-2: A DL reception by a UE can be controlled in a transparent way to not involve the REs in a certain block of RBs in frequency domain. 
For Condition-1, gNB dynamic grant is the tool that can control the DG-PUSCH within certain range of RBs. It is also feasible to ensure CG-PUSCH to fully fall into a certain range of RBs by CG configuration. For PRACH, SRS and PUCCH, to keep these UL signals away from SBFD symbols can be always a last bottom line method. For example, with some UL traffic moves to SBFD symbols, additional resources in true UL symbols can be allocated for PUCCH so that PUCCH can also somehow share the SBFD benefit.  
For Condition-2, it is natural to keep cell-specific and UE-group-common signals/channels away from SBFD subband or even symbols overlapping with the subband in order to avoid impacts to legacy UE. These kinds of signals at least include SSB, PRS, CSI-RS (for cell-specific or UE group common use) and PDCCH/PDSCH for broadcast purpose. For the channels/signals transmitted to a single UE, configuration and scheduling are always a last bottom line method. Take CSI-RS dedicated to UE for an example. The full-band NZP CSI-RS shown in Figure 2 is cut by UL subband into two segments: one segment above UL subband and another segment below UL subband. Because one CSI-RS resource is configured with CSI-FrequencyOccupation IE, which is able to assign starting RB position and ending RB position of the UL subband, gNB can assign the CSI-RS segments respectively above the UL subband and below the UL subband with different resource_id (id=a and id=b in Figure 1) and include the two CSI-RS segments into one CSI-RS resource set.    
	CSI-FrequencyOccupation ::=         SEQUENCE {
    startingRB                          INTEGER (0..maxNrofPhysicalResourceBlocks-1),
    nrofRBs                             INTEGER (24..maxNrofPhysicalResourceBlocksPlus1),
    ...
}

	nrofRBs
Number of PRBs across which this CSI resource spans. Only multiples of 4 are allowed. The smallest configurable number is the minimum of 24 and the width of the associated BWP. If the configured value is larger than the width of the corresponding BWP, the UE shall assume that the actual CSI-RS bandwidth is equal to the width of the BWP.

	startingRB
PRB where this CSI resource starts in relation to common resource block #0 (CRB#0) on the common resource block grid. Only multiples of 4 are allowed (0, 4, ...)








[bookmark: _Ref111123339]Figure 2 CSI-RS configuration around UL subband
Based on above analysis for both time-domain transparency and frequency-domain transparency, the legacy UE can run with half-duplex mode in SBFD symbols without knowing the UL subband allocation at gNB side.  
Observation 1: The legacy UE can run with half-duplex mode in SBFD symbols with both time-domain transparency and frequency-domain transparency to UL subband allocation at gNB.
New UE behaviors for SBFD aware UEs
· TB size determination








According to current spec, TB size is determined by total REs numberand transmission scheme of PDSCH, including code rate , modulation  and transmission layer . Total RE number  is determined by RE number per RB and RB number , i.e..  However, with SBFD operation on gNB side, the PDSCH resource allocated to a UE (UE-A) may overlap with UL subband that is used for UL transmission of another UE (UE-B), therefore some allocated RB to UE-A are actually not available for PDSCH. Such non-availability is caused by the existence of UL subband and the guardband around UL subband. It means the PDSCH transmission may not be able to use the RBs overlapping with UL subband and the guard bands (if any) around the UL subband. Correspondingly, the amount of RBs used to determine the TB size should not count the RBs overlapping with UL subband and the guard bands (if any) around the UL subband.
Proposal 4:  The amount of RBs used to determine the TB size does not count the RBs overlapping with UL subband and the guard bands (if any) around the UL subband.
· PUCCH/PUSCH/PDSCH repetition
For PUCCH/PUSCH/PDSCH repetition, multiple PUCCH/PUSCH/PDSCHs are transmitted in multiple slots. However, there may be different slot types, i.e., SBFD slot vs. non-SBFD slot. In these two types of slots, valid resources are different. There are three potential schemes:
· Scheme 1: A PUCCH/PUSCH/PDSCH can be repeated within non-SBFD slots or within SBFD slots, but not between a SBFD slot and a non-SBFD slot. For this scheme, current transmission scheme can be reused directly.
· Scheme 2: A PUCCH/PUSCH/PDSCH can be repeated between SBFD slot and non-SBFD slot, and the same RB resources are used in both types of slots. In other words, the valid RB resource for the first PUCCH/PUSCH/PDSCH repetition is copied in subsequent slots.
· Scheme 3: A PUCCH/PUSCH/PDSCH can be repeated between SBFD slot and non-SBFD slot, and the different RB resources can be used in different types of slots. In other words, the valid RB resources for PUCCH/PUSCH/PDSCH repetition are determined separately in SBFD slots and non-SBFD slots.
Proposal 5: Considering that different slot types in multiple repetition slots, PUCCH/PUSCH/PDSCH repetition enhancement needs to be studied. 
1.2 Handling of symbol type of symbol holding UL subband
There could be two logics to interpret the effective symbol type for symbol having UL subband:
· Logic-1: A configuration of UL subband means to add UL transmission possibility on top of the DL reception possibility that is already informed to UE, i.e., UE treats the subband-overlapping symbol as “flexible” and needs further gNB instruction to determine whether the symbol is eventually used for DL or UL, as the current spec formulates. Within this logic, it does not seem beneficial to define UL subband over a true flexible symbol.
· Logic-2: A configuration of UL subband means to replace DL reception possibility that is already informed to UE with the UL transmission possibility, i.e., UE treats the subband-overlapping symbol as “uplink” and does not expect any DL reception in the subband (even when the UE has no UL transmission on the symbol).     
Proposal 6: RAN1 study considers the subband-overlapping symbol as converted to “flexible symbol” or “uplink symbol” from UE perspective, and avoids defining UL operations directly on a DL symbol. 
1.3 Multi-carrier operation
Another issue for SBFD operation is whether different SBFD configuration is allowed between adjacent carriers. As shown in Figure 3, there are five possible SBFD configuration combinations over adjacent carriers {CC1, CC2}. Scheme A means that SBFD configuration keeps the same between two carriers. Schemes B and D mean that SBFD configuration can be different between two carriers, however, transmission directions in two adjacent edge subbands should keep the same to avoid CLI from adjacent carrier. In contrast, schemes C and E means that both the SBFD configurations and transmission directions in two adjacent edge subbands can be different between two carriers. Because adjacent-channel CLI is almost none for schemes A, B and D, there is no additional interference management task for schemes {A, B, D} comparing to interference management in a single carrier. Therefore at least schemes {A, B, D} can be assumed for SBFD subband allocation. 
[image: ]
Figure 3 SBFD operations between adjacent carriers
Observation 2: The SBFD subband allocation does not have to be the same over adjacent carriers, but the adjacent edge subbands are desired to have the same transmission direction. 
Conclusions
In this contribution, we discuss subband non-overlapping full duplex with the following observations and proposals:
Observation 1: The legacy UE can run with half-duplex mode in SBFD symbols with both time-domain transparency and frequency-domain transparency to UL subband allocation at gNB.
Observation 2: The SBFD subband allocation does not have to be the same over adjacent carriers, but the adjacent edge subbands are desired to have the same transmission direction. 

Proposal 1: Use a new terminology such as “duplexing subband” to replace “subband” in SBFD discussion.    
Proposal 2: Interaction between BWP operation and SBFD operation needs to be studied.
Proposal 3: UL subband can be explicitly configured in DL symbol and flexible symbol.
Proposal 4: The amount of RBs used to determine the TB size does not count the RBs overlapping with UL subband and the guard bands (if any) around the UL subband.
Proposal 5: Considering that different slot types in multiple repetition slots, PUCCH/PUSCH/PDSCH repetition enhancement needs to be studied. 
Proposal 6: RAN1 study considers the subband-overlapping symbol as converted to “flexible symbol” or “uplink symbol” from UE perspective, and avoids defining UL operations directly on a DL symbol. 
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