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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#110 we agreed and concluded the following on SBFD operations:

Agreement
Study the following alternatives with Alt 4 prioritized, for SBFD operation at least for RRC_CONNECTED state.
· [bookmark: _Hlk114763107]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.


This contribution discusses some considerations on using non-overlapping subbands for full duplex TDD.

2. Discussions

2.1 SBFD Operations
In the previous meeting, for indication of SBFD locations, we have the following alternatives [1]:

· 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.
· 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
· 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 
· 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.

In Alt 1 SBFD locations are transparent to the UE, where SBFD can be operated in Flexible Symbols.  However, this limits the OFDM symbols that can be used for SBFD and Flexible Symbols may not be supported by most UEs.  Subband filters that can be beneficial in reducing inter-subband interference cannot be implemented since the UE is not aware of the SBFD frequency locations.  Hence, due to these disadvantages, we should not consider Alt 1 further.

Proposal 1: SBFD operation where the SBFD locations are transparent, i.e. Alt 1, is not considered further in this SI.


In Alt 2, the UE is aware that it can perform SBFD but it does not know the SBFD locations.  One way to implement Alt 2 is to allow the UE to overwrite non-Flexible OFDM symbols, e.g., transmit PUSCH on OFDM symbols originally configured/indicated as DL and receive PDSCH on OFDM symbols originally configured/indicated as UL.  An Overwrite indicator can be introduced in the UL Grant or DL Grant to indicate whether the UE can overwrite the original format (DL or UL) of the OFDM symbols.  This enables the gNB to dynamically configure the SBFD frequency and time locations.  Since improving UL coverage via repetitions is one of the Duplex Evolution SI’s objectives, we use an example with PUSCH repetition as shown in Figure 1.  In this example, the DCI in Slot n carries an UL Grant scheduling a PUSCH with 4× repetitions starting in Slot n+1.  Slot n+1 is an UL slot and so the UE transmits the 1st PUSCH repetition PUSCH#1.  Since Slot n+2, n+3 and n+4 are DL slots, the gNB can indicate using the Overwrite indicator whether the UE can transmit UL in these slots.  In this example, the Overwrite Indicator in the UL Grant is set to TRUE and so the UE transmits the remaining PUSCH repetitions in DL slots n+2, n+3 and n+4 thereby operating in SBFD. 
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[bookmark: _Ref115167844]Figure 1: Overwriting DL slots


Proposal 2: Further consider Alt 2 of SBFD operation and introduce an “Overwrite” Indicator to the UE to dynamically indicate whether an UL transmission can be transmitted in OFDM symbols that are originally configured/indicated as DL, or a DL transmission can be received in OFDM symbols that are originally configured/indicated as UL.


In Alt 3, only the SBFD time location is known to the UE but the frequency location is not known to the UE.  This seems to have the disadvantage of not being able to implement subband filtering and without the flexibility to dynamically schedule the UE to operate in SBFD slots, since SBFD time locations are fixed.  It isn’t clear what advantage this operation offers and so we propose not to consider Alt 3 further in this SI.
Proposal 3: Since Alt 3 has the disadvantage of not being able to use subband filtering and it does not have the flexibility to dynamically configuring SBFD locations, Alt 3 is not considered further in this SI.

Alt 4, where the UE is aware of the SBFD locations, is agreed to be prioritised.  The following options were discussed in the previous meeting [1]:
· 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

Option 1 is the expected behaviour, where UL and DL transmissions occur within UL subband and DL subband respectively.  One of the benefits of SBFD location awareness in a UE, i.e. Alt 4, is that the UE is able to utilise subband filtering to reduce inter-subband interference.
Observation 1: Option 1, where the UE performs UL & DL transmissions only within UL subband and DL subband respectively, is the expected behaviour of a UE with SBFD locations awareness (Alt 4).

Option 2, Option 3 and Option 4 defeat the purpose of the UE being aware of SBFD locations since whatever the subband configurations are, they can be overwritten.  Although the rationale isn’t clear for Option 2, Option 3 and Option 4 under Alt 4, they seem to provide some flexibility in configuring the subbands and this can be better served using Alt 2, where the UE doesn’t need to know the SBFD locations and is being told whether to overwrite semi-statically configured DL or UL symbols.
Observation 2: Option 2, Option 3 and Option 4 where UL transmissions can occur outside the UL subband and/or DL transmission can occur within the UL subband, defeat the purpose of having the UE aware of SBFD locations.  If flexibility is required, consider Alt 2 SBFD operation, where the UE does not need to be aware of SBFD locations and instead uses an “Overwrite” indicator to overwrite semi-static configured UL & DL symbols.

Proposal 4: For operations where the UE is aware of SBFD locations (Alt 4), the 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.

The following are considered for implementing subbands within a TDD carrier:
· Subbands within a single configured DL and UL BWP pair with aligned centre frequencies, that is the subbands are configured as a set of continuous RBs
· Subbands are implemented within a pair of UL and DL BWPs with unaligned centre frequencies
· Subbands are implemented as different multiple pairs of UL and DL BWPs with aligned and non-aligned centre frequencies

Implementing subbands as a set of contiguous RBs within a pair of DL & UL BWPs with aligned centre frequencies is the most straightforward method where the centre frequencies of the pair of DL & UL BWP are aligned as per legacy operation.  
Implementing subbands where a DL subband is a DL BWP or an UL subband is an UL BWP, which requires one or more pairs of DL & UL BWPs to have non-aligned centre frequencies would deviate from legacy BWP operations, thereby creating higher specs impact.  The benefits of using DL & UL BWP pairs with non-aligned centre frequencies is not clear compared to defining a subband as a set of contiguous RBs in a legacy BWP (with aligned central frequencies).  We prefer at this point to deprioritise using DL & UL BWP pairs with non-aligned centre frequencies and whatever benefits this scheme provides must justify the higher specs impact that it causes.  Therefore, we would want to confirm the Working Assumption on this aspect without the FFS on using DL and UL BWP pairs with unaligned centre frequencies.
Proposal 5: Confirm the following Working Assumption with the following modifications:
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


2.2 SBFD Signalling
It was agreed in the previous meeting that, as a baseline, the SBFD locations are at least semi-statically configured.  Knowing the SBFD locations a-priori allows the UE to configure and benefit from subband filters to reduce inter-subband interferences.  However, semi-statically configured SBFD locations may limit scheduling flexibility especially when the traffic changes, e.g. from UL heavy to DL heavy and vice-versa.  As shown in our system level simulation results in [2], semi-statically configuring the frequency resources for DL subband may lead to major DL throughput losses if the DL subband size is under configured for the traffic load.  Hence, having a mechanism to dynamically change the SBFD location is beneficial.

Proposal 6: Support dynamic configuration of SBFD locations.


In the legacy method, the Slot Format can be configured semi-statically and dynamically.  In the dynamic method, SFI can be used to indicate SBFD formats in addition to the legacy Slot Format.  SFI is a GC-DCI and is typically broadcast prior to any scheduling, which allows the UE to re-configure its subband filters (if implemented).  The reserved indices in the SFI, i.e., indices 56-254, can be used to indicate SBFD formats.

Proposal 7: Use reserved indices in the SFI, i.e., indices 56-254, to indicate SBFD formats.


2.3 Frequency Domain Resource Assignment
In the legacy system, Resource Blocks (RB) for a PDSCH or PUSCH are allocated using either FDRA Type 0 or FDRA Type 1.  FDRA Type 0 uses an RBG bitmap that can indicate discontinuous RBs for a PDSCH or PUSCH whilst FDRA Type 1 allocates a set of contiguous RBs by indicating the starting RB and the number of RBs occupied by the PDSCH or PUSCH.

One of the subband configurations considered consists of 2 DL subbands and an UL subband, i.e. {DUD}, where the UL subband is between the two DL subbands as shown in Figure 2.  Since FDRA Type 1 can only allocate a set of contiguous RBs for a PDSCH, it cannot allocate a PDSCH that occupies both DL subbands, i.e. DL Subband#1 and DL Subband#2.  FDRA Type 0 can allocate a PDSCH to occupy RBs in both DL subbands but it has a coarser frequency granularity since it allocates in units of RBG and for finer RBG granularity, i.e. RBG Configuration#1, it consumes more FDRA bits in the DCI compared to FDRA Type 0.  FDRA Type 0 is not supported in Fallback DCI, i.e. DCI format 1_0, which may restrict gNB scheduler flexibility if it needs to use the Fallback DCI.



[image: ]
[bookmark: _Ref109148072]Figure 2: {DUD} Subband configuration

Observation 3: For the {DUD}, subband configuration, FDRA Type 1 cannot schedule a PDSCH to occupy both DL subbands since it only allocates contiguous sets of RBs for a PDSCH.

Observation 4: For the {DUD} subband configuration, FDRA Type 0 can be used to schedule a PDSCH to occupy RBs in both DL subbands.  However, since RBG is the unit of allocation, FDRA Type 0 has a coarser frequency granularity compared to FDRA Type 1 and if the finer RBG granularity (i.e. RBG Configuration#1) is used, then FDRA Type 1 consumes more DCI bits compared to FDRA Type 0.

Observation 5: FDRA Type 0 is not supported in Fallback DCI (Format 1_0).


One way to utilise the advantages of FDRA Type 1, i.e. finer frequency granularity (in units of RBs) and consume less DCI bits compared to FDRA Type 0, but without restricting to only contiguous RBs allocation, is to use a Mirror Image FDRA.  In this method, the RBs allocated in one DL subband are “reflected” onto the other DL subband.  An example is shown Figure 3, where a slot uses the {DUD} subband configuration.  Here, the gNB uses FDRA Type 1 to indicate RBs in DL Subband#1 and using the Mirror Image FDRA, the indicated RBs are reflected via a reflection line in the middle of the BWP, thereby allocating the same number of RBs in DL Subband#2.  The Mirror Image FDRA allows the finer frequency granularity of FDRA Type 1, which also uses less DCI bits, to allocate to both DL subbands.  The Mirror Image FDRA can be enabled or disabled, e.g. using 1 bit, in the DL Grant.

[image: ]
[bookmark: _Ref110246803]Figure 3: Mirror Image FDRA

Proposal 8: Consider using a Mirror Image FDRA, where the DL Grant indicates a 1st set of RBs and a 2nd set of RBs is determined by reflecting the 1st set of RBs across the middle of the BWP.  The scheduled PDSCH occupies the 1st set and the 2nd sets of RBs.  The Mirror Image FDRA can be enabled or disabled in the DL Grant.


The Mirror Image FDRA can be used whether the subband configuration is transparent or known to the UE.  If the subband is transparent to the UE, the UE just determines the RBs using the Mirror Image FDRA without having to know where the DL subbands are.  However, if the subbands are known to the UE and are semi-statically configured, then a smaller FDRA bit size can be used in the DL Grant since the FDRA bits need to only address the RBs in one of the DL subbands rather than the entire BWP.

Observation 6: The Mirror Image FDRA is applicable regardless of whether the subband configuration is transparent or known to the UE.

Observation 7: If the subband configuration is semi-statically signalled to the UE, a smaller FDRA bit size can be used in the DL Grant since the FDRA needs only to address the number of RBs in one of the DL subbands rather than the entire BWP.



2.4 Frequency Hopping
In SBFD operation, some slots are SBFD whilst others are fully UL, and hence a PUSCH or PUCCH undergoing frequency hopping using a legacy frequency hopping offset will experience different UL bandwidth in different slots.  In some slots, if the bandwidth of the UL is small, frequency hopping may not provide any frequency diversity gain or may not be feasible if the PUSCH or PUCCH consumes most of the bandwidth in the UL subband (i.e., there is no space/resource available for the second hop).  

Observation 8: Frequency hopping in UL subband with small bandwidth may not be feasible if the PUSCH/PUCCH consumes most of the UL subband or may not provide any gain.

Observation 9: Whether frequency hopping is enabled or disabled in UL subbands depends on the bandwidth size of the UL subbands. 


If SBFD locations can be dynamically configured, e.g. using SFI, then one way to enable/disable frequency hopping is to determine the bandwith, e.g. in RBs, of the UL subband.  That is, frequency hopping is enabled if the bandwidth of the UL subband is above a threshold otherwise frequency hopping is not performed.  The threshold can be semi-statically configured.  An example is shown in Figure 4, where {DUD}SBFD are configured for Slot n+1, n+2 and n+3, where the UL subband in Slot n+3 is smaller than those in Slot n+1 and Slot n+2.  A PUSCH with 4× repetitions, labelled as 1st PUSCH, 2nd PUSCH, 3rd PUSCH and 4th PUSCH, starts in Slot n+1 where intra-slot frequency hopping is used.  The UL subbands in Slot n+1 and n+2 are larger than a threshold and so intra-slot frequency hopping is enabled for the 1st PUSCH and 2nd PUSCH.  For Slot n+3, the UL subband is smaller than the threshold and so frequency hopping is disabled for the 3rd PUSCH, since there may not be any meaningful gain in performing frequency hopping and may even cause a loss as each hop consumes at least one OFDM symbol for DMRS due to channel discontinuity.  Hence, whether to perform frequency hopping within one or more UL subband depends on the bandwidth of the UL subband.


[image: ]
[bookmark: _Ref115186242]Figure 4: Frequency hopping with UL subbands


Proposal 9: For a UE configured with frequency hopping for a PUSCH/PUCCH, the UE performs frequency hopping in SBFD slots if the bandwidth size of the UL subband is larger than a configured threshold and if there is resource available for the second hop, otherwise the UE disables frequency hopping in the SBFD slot.



2.5 Non-Uniform MCS & Power
Although in SBFD operation, the subbands are non-overlapped, due to transmitter leakage and receiver selectivity, inter subband CLI can occur.  The RBs closer to the boundary of another subband are subject to higher CLI than those away from that boundary.  An example is shown in Figure 5, where a {DU} subband is configured such that the UL subband occupies frequencies f0 to f3 and the DL subband occupies frequencies f3 to f6.  A PDSCH is scheduled in the DL subband occupying f3 to f5.  Due to the inter subband interference, the PDSCH RBs closer to the UL subband will experience higher CLI compared to those away from it, i.e. the PDSCH RBs between f3 to f4 would have higher CLI compared to the PDSCH RBs between f4 to f5.


[image: ]
[bookmark: _Ref110263441]Figure 5: Inter Subband CLI

Observation 10: Inter subband CLI is non-uniform across a subband, where it is stronger for RBs in a subband that are closer to an adjacent subband compared to RBs that are further away from the adjacent subband.


Since inter subband CLI is non-uniform across a subband, it can be beneficial that the MCS of a PUSCH or PDSCH are also non-uniform.  For the example in Figure 5, the PDSCH can be scheduled with multiple CBGs where the CBGs between frequencies f3 to f4 can use a lower MCS compared to the CBGs between frequencies f4 to f5 since the CBGs between frequencies f3 to f4 suffer higher CLI compared to CBGs between frequencies f4 to f5.  

For uplink transmission, non-uniform transmit power can be used.  For example, a PUSCH may use lower transmission power for RBs closer to an adjacent subband compared to RBs further away from the adjacent subbands.  The lower transmit power would reduce inter subband CLI into the adjacent subband.

Proposal 10: Support non-uniform MCS in a PDSCH and PUSCH so that RBs of a PDSCH/PUSCH that are closer to an adjacent subband uses more robust MCS compared to RBs that are further away from an adjacent subband.

Proposal 11: Support non-uniform power control in a PUSCH so that RBs closer to an adjacent subband are transmitted with lower power compared to RBs further away from the adjacent subband.


2.6 Measurements
In HD-TDD operation with dynamic/flexible TDD, SRS-RSRP and CLI-RSSI measurements were introduced to manage inter-cell CLI.  The SRS-RSRP and CLI-RSSI measurements are performed over the entire BWP, which reflects the operations of HD-TDD since the entire bandwidth is used for either UL or DL only and therefore CLI is likely to affect the entire BWP.  However, for inter subband CLI in SBFD, CLI is caused by transmitter leakage and receiver selectivity and so the CLI is non-uniform, i.e., CLI is stronger at the edge of the subband that is adjacent to another subband and weaker for RBs that are further away from an adjacent subband.  Since inter subband CLI affects a victim subband non-uniformly, CLI measurements for SBFD should reflect this so that the gNB knows which part of a subband suffers the most or least CLI.

Observation 11: Since in SBFD, inter subband CLI is non-uniform across the victim subband, the CLI measurement reports should take this aspect into account.


One way to take into account the non-uniform CLI in a victim subband is to have finer frequency granularity on the measurements.  Here we divide the victim subband into multiple measurement Subband Blocks, SB Blocks, and the UE performs measurements such as SRS-RSRP or CLI-RSSI on each of these blocks and reports them.  An example is shown in Figure 6, where the victim subband is the DL Subband and four measurement SB Blocks are equally distributed over the DL Subband, labelled as B1, B2, B3 and B4.  A victim UE can be configured to measure SRS signal power transmitted by an aggressor UE.  By having finer granularity, the gNB can determine the severity of the CLI in SB Block B1 compared to other SB Blocks and schedule accordingly.  In contrast, if the gNB only has the measurement for the BWP, and if the gNB schedules a PDSCH that occupies only a fraction of the DL Subband, e.g. a PDSCH within frequencies f3 to f4, the gNB will have to guess the CLI severity around frequency f3 to f4, which may lead to a PDSCH with MCS that is overly pessimistic or optimistic being scheduled.  The size, i.e. frequency granularity, of the SB Block can be configurable.
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[bookmark: _Ref110872501]Figure 6: Measurement Subband Blocks


Proposal 12: Support finer frequency granularity for CLI measurement and reporting, by dividing the BWP or the victim subband into smaller frequency blocks, where CLI measurement and reporting are performed on each frequency block.


The CLI measurements, i.e. SRS-RSRP & CLI-RSSI, introduced in Rel-16 are performed at the RRC level.  We expect the inter subband CLI to change dynamically at the rate of the gNB’s physical layer scheduling.  Hence the legacy CLI RRC level measurement reporting is too slow to react to the dynamic changes in CLI due to physical layer scheduling.  It is therefore beneficial that CLI measurements are performed and reported at the physical layer.

Proposal 13: CLI measurements are preformed and reported at the physical layer.


2.7 DL & UL Collisions
Since the SBFD capable UE is Half Duplex, it cannot transmit and receive at the same time.  However, it is possible that the UE has simultaneous DL & UL messages being allocated to it.  An example is shown in Figure 7, where a UE is configured with PDCCH Search Spaces (SS) to occur at the start of DL and SBFD slots and in Slot n+1, a UE is scheduled with PUSCH#1 that overlaps with a PDCCH Search Space thereby causing a collision.  DL & UL collision can also happen with configured transmissions such as CG-PUSCH and SPS, for example in Figure 7, an SPS monitoring occasion occurs in Slot n+3 but in the same slot, PUCCH#1 is being scheduled by DCI#2 to carry the HARQ-ACK for PDSCH#1, thereby causing another collision.  Hence, a mechanism is required to resolve such collisions.
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[bookmark: _Ref115169911]Figure 7: DL & UL collisions in SBFD slots

Observation 12: DL & UL messages may collide in SBFD slots and a mechanism is required to resolve such collisions.


One way to resolve DL & UL collisions is to prioritise messages that are dynamically scheduled over semi-statically configured messages that occur periodically.  The gNB is aware of the semi-statically configured resources or monitoring occasions such as PDCCH Search Spaces, SPS and CG-PUSCH and so if a gNB deliberately schedules a dynamic transmission in the opposite link direction to overlap them, then that is the gNB scheduler intention and therefore the UE should prioritise the dynamically scheduled messages.  Using the example in Figure 7, in Slot n+1, the UE will transmit PUSCH#1 and ignore monitoring the PDCCH Search Space and in Slot n+3, the UE will transmit PUCCH#1 and does not monitor the SPS.

Proposal 14: If DL & UL messages collide in an SBFD slot, the UE prioritises the dynamically scheduled transmission over the semi-statically configured resources (e.g. PDCCH Search Space, SPS, CG-PUSCH).



3. Conclusion
In this contribution, we discuss some considerations on SBFD, and we observe the following:
Observation 1: Option 1, where the UE performs UL & DL transmissions only within UL subband and DL subband respectively, is the expected behaviour of a UE with SBFD locations awareness (Alt 4).
Observation 2: Option 2, Option 3 and Option 4 where UL transmissions can occur outside the UL subband and/or DL transmission can occur within the UL subband, defeat the purpose of having the UE aware of SBFD locations.  If flexibility is required, consider Alt 2 SBFD operation, where the UE does not need to be aware of SBFD locations and instead uses an “Overwrite” indicator to overwrite semi-static configured UL & DL symbols.
Observation 3: For the {DUD}, subband configuration, FDRA Type 1 cannot schedule a PDSCH to occupy both DL subbands since it only allocates contiguous sets of RBs for a PDSCH.

Observation 4: For the {DUD} subband configuration, FDRA Type 0 can be used to schedule a PDSCH to occupy RBs in both DL subbands.  However, since RBG is the unit of allocation, FDRA Type 0 has a coarser frequency granularity compared to FDRA Type 1 and if the finer RBG granularity (i.e. RBG Configuration#1) is used, then FDRA Type 1 consumes more DCI bits compared to FDRA Type 0.

Observation 5: FDRA Type 0 is not supported in Fallback DCI (Format 1_0).

Observation 6: The Mirror Image FDRA is applicable regardless of whether the subband configuration is transparent or known to the UE.

Observation 7: If the subband configuration is semi-statically signalled to the UE, a smaller FDRA bit size can be used in the DL Grant since the FDRA needs only to address the number of RBs in one of the DL subbands rather than the entire BWP.

Observation 8: Frequency hopping in UL subband with small bandwidth may not be feasible if the PUSCH/PUCCH consumes most of the UL subband or may not provide any gain.

Observation 9: Whether frequency hopping is enabled or disabled in UL subbands depends on the bandwidth size of the UL subbands. 

Observation 10: Inter subband CLI is non-uniform across a subband, where it is stronger for RBs in a subband that are closer to an adjacent subband compared to RBs that are further away from the adjacent subband.

Observation 11: Since in SBFD, inter subband CLI is non-uniform across the victim subband, the CLI measurement reports should take this aspect into account.

Observation 12: DL & UL messages may collide in SBFD slots and a mechanism is required to resolve such collisions.


We therefore propose the following:
Proposal 1: SBFD operation where the SBFD locations are transparent, i.e. Alt 1, is not considered further in this SI.

Proposal 2: Further consider Alt 2 of SBFD operation and introduce an “Overwrite” Indicator to the UE to dynamically indicate whether an UL transmission can be transmitted in OFDM symbols that are originally configured/indicated as DL, or a DL transmission can be received in OFDM symbols that are originally configured/indicated as UL.

Proposal 3: Since Alt 3 has the disadvantage of not being able to use subband filtering and it does not have the flexibility to dynamically configuring SBFD locations, Alt 3 is not considered further in this SI.
Proposal 4: For operations where the UE is aware of SBFD locations (Alt 4), the 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.
Proposal 5: Confirm the following Working Assumption with the following modifications:
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

Proposal 6: Support dynamic configuration of SBFD locations.

Proposal 7: Use reserved indices in the SFI, i.e., indices 56-254, to indicate SBFD formats.

Proposal 8: Consider using a Mirror Image FDRA, where the DL Grant indicates a 1st set of RBs and a 2nd set of RBs is determined by reflecting the 1st set of RBs across the middle of the BWP.  The scheduled PDSCH occupies the 1st set and the 2nd sets of RBs.  The Mirror Image FDRA can be enabled or disabled in the DL Grant.

Proposal 9: For a UE configured with frequency hopping for a PUSCH/PUCCH, the UE performs frequency hopping in SBFD slots if the bandwidth size of the UL subband is larger than a configured threshold and if there is resource available for the second hop, otherwise the UE disables frequency hopping in the SBFD slot.

Proposal 10: Support non-uniform MCS in a PDSCH and PUSCH so that RBs of a PDSCH/PUSCH that are closer to an adjacent subband uses more robust MCS compared to RBs that are further away from an adjacent subband.

Proposal 11: Support non-uniform power control in a PUSCH so that RBs closer to an adjacent subband are transmitted with lower power compared to RBs further away from the adjacent subband.

Proposal 12: Support finer frequency granularity for CLI measurement and reporting, by dividing the BWP or the victim subband into smaller frequency blocks, where CLI measurement and reporting are performed on each frequency block.

Proposal 13: CLI measurements are preformed and reported at the physical layer.

Proposal 14: If DL & UL messages collide in an SBFD slot, the UE prioritises the dynamically scheduled transmission over the semi-statically configured resources (e.g. PDCCH Search Space, SPS, CG-PUSCH).




4. References
[1] R1-2208122, “Summary #5 of subband non-overlapping full duplex,” Moderator (CATT), RAN1#110
[2] R1-2209098, “Preliminary System Level Simulation Results for SBFD,” Sony, RAN1#110bis-e
image1.png
[ poccH [ PDSCH [ puscH [ puccH [] bLSymbol [] UL Symbol

Slotn Slot n+1 Slot n+2 Slot n+3 Slot n+4
PUSCH#1 PUSCH#2 PUSCH#3 PUSCH#4
4

Overwrite





image2.png
Frequency

[ Downlink

] uplink

— DL Subband#1

— UL Subband#1

— DL Subband#2

Time




image3.png
[] pownlink [] Uplink [ poscH

Frequency
~ DL Subband#1
Reflection =| ~ UL Subband#1
Line
— DL Subband#2

Time




image4.png
[ oownlink [ Uplink @ poccH O poscH O puccH [ puscH
Slot Slot n+1 Slot n+2 Slot n+3 Slot n+4
! | | |
4t pUSCH
15t PUSCH 21 PUSCH
31 PUSCH
15t PUSCH 21 PUSCH
4t pUSCH





image5.png
Downlink  [] Uplink

uL Sulfband DL Subband
A

[ PDscH

fi Lfife S

fs Frequency




image6.png
[ Downlink  [] uUplink [ sBBlock

cu

UL Subband DL Subband
L

|

fo h L o fi S fo f; fo Frequency




image7.png
O poccH [ poscH O PuccH [ puscH [ coreseT

[ uplink

|:| Downlink

I
k)

Slot n+2

Slot n+1

Slotr

Time

SS HJ2Ad

2t

PUSCH#1

SS HJ2Ad

Collision

Collision




