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Introduction
RAN has agreed in RP-220633 a new Study Item on evolution of NR duplex operation with the following objectives [1]:
	The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [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).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.


[bookmark: _Hlk510705081]In this contribution, first, we address BWP configuration in SBFD, downlink and uplink frequency domain resource allocation over partitioned slots/symbols, then we examine possible enhancements to UE-UE CLI measurement in SBFD network scenario.
Discussion
SBFD partition signalling
In RAN1#109-e meeting, RAN1 reached the following agreements and conclusions on SBFD scheme.
	
Agreement
Study whether/how to inform the UE of the time and/or frequency location of subbands that gNB would use for SBFD operation.
Agreement
At least study SBFD operation within a TDD carrier.
Conclusion
For discussion purpose only, SBFD symbol is defined as symbol with subbands that gNB would use for SBFD operation.
Conclusion
For discussion purpose, for SBFD operation within a TDD carrier, a SBFD subband consists of 1 RB or a set of consecutive RBs for the same transmission direction.
Agreement
The time and frequency location of subbands within a TDD carrier are not fixed in the specification.
· Subject to any RAN4 guidance on minimum or maximum subband and guardband size and subband location within TDD carrier. 
· Note that whether the time and/or frequency location of subbands are informed to UE is separately discussed.



SBFD is transparent to legacy UEs. SBFD symbols/slots can be configured as ‘D’, ‘U’ or ‘F’ to legacy UEs. TDD configuration of ‘D’ or ‘U’ symbols – as well as indication of ‘D’ or ‘U’ directions through SFI DCI – is not expected by the UE to conflict with any symbols in a set of symbols allocated to cell-level configurations (SSB, CORESET#0, valid PRACH), while also cause deprioritizing dedicated RRC configured transmissions, receptions, PDCCH monitoring or measurement (w/o SMTC) or repetition instances (of a dynamic or semi-static transmission/reception) which would conflict with the link direction. (Overlap with SFI indicated ‘F’ symbols also causes de-prioritization in these cases.) 
In a TDD deployment, the link direction is the same for all RBs of the carrier, each symbol falls in one of the categories of ‘D’, ‘U’, static-‘F’, SFI-‘F’ from the point of view of intra-UE collisions. Meanwhile, in a SBFD deployment, a resource conflict may arise if (some of) the RBs used by the allocation are not available although the UE can transmit or receive in the same link direction. With legacy UEs either such scheduling conflict between UE-dedicated allocation and SBFD is avoided, or the opposite link direction is configured/signalled. Both can lead to inefficiencies. Meanwhile, signalling SBFD partition to enhanced UE’s may help resolving such intra-UE scheduling collisions while keeping maximum flexibility of the scheduling.
On the other hand, it can also occur that collision between UE-dedicated configured UL and DL allocations (including e.g. monitoring of PDCCH in USS) cannot be resolved based on the non-availability of network resources because the SBFD partition allows both directions in the same symbol. In this later case the ambiguity can be removed by e.g. explicitly indicating the prioritized link direction for the UE or e.g. by linking the resources to a subband. Furthermore, signalling the SBFD partition to enhanced UE can also help with defining adaptive FDRA behaviour for them, e.g. for avoiding resource fragmentation.
Therefore, we propose that enhanced UEs can be configured with periodic SBFD partition pattern through SIB and dedicated RRC signalling. Dynamic indication of periodic SBFD partition pattern by SFI could also be motivated by e.g. varying traffic needs. 
[bookmark: _Ref111208238][bookmark: _Hlk110511518][bookmark: _Hlk110336175]Observation 1: By use of SBFD partition information UE behaviour can be enhanced in:
· e.g., decoding adaptive FDRA allocations.
· e.g., resolving intra-UE scheduling collisions.
[bookmark: _Ref111210875][bookmark: _Ref111211276][bookmark: _Hlk110339906]Proposal 1: UE can be configured with periodic SBFD partition pattern through SIB and dedicated RRC signalling. FFS: SFI dynamic indication of periodic SBFD partition pattern.
Resource allocation for SBFD-aware UEs
In RAN1#109-e meeting, RAN1 reached the following agreements to study potential enhancements of resource allocation in SBFD scheme. In this section, we provide views on the possible issue and the corresponding enhancements for resource allocation in SBFD scheme.
			Agreement
Study the impact/potential enhancements of resource allocation in symbols with subbands that gNB would use for SBFD operation.








PDCCH monitoring in SBFD symbols
The current specifications provide flexible solutions for CORESET resource allocation and PDCCH monitoring, which would suit SBFD partitioned symbols as well in many aspects:
· CORESET FDRA is based on on a bitmap of RB groups consisting of 6 RBs each, thereby readily allowing for non-contiguous resource allocatios. The grid starts from Common RB#0. Aggregations can spread over distant CCEs.
· Up to 3 CORESETs can be configured and be monitored per BWP. This allows e.g. configuring different CORESETs for SBFD and non-SBFD slots/symbols and using them with different search spaces.  
· The time pattern of PDCCH monitoring is defined by search spaces, each of which defines a slot period & offset, a slot duration and a symbol bitmap. Up to 10 search spaces can be configured per PDCCH-Config.
Using the above features, although PDCCH monitoring (including AL16) over non-contiguous set of downlink RB groups in SBFD partitioned slot/symbols seems feasible, however, the flexibility may be limited. Configuring PDCCH monitoring over different CORESETs for SBFD and DL-only slots/symbols will require configuring separate search spaces possibly per each slot in the periodic SBFD partition pattern, each with the same slot periodicity but different slot offsets, soon using up the maximum number of search spaces that can be configured.
Therefore, it seems necessary to bring enhancements to Search Space configuration which allow adaptation to SBFD partitioning: for instance, CORESETs or search spaces could be linked to SBFD subbands. 
[bookmark: _Ref111208268]Observation 2: CORESET allocation readily supports non-contiguous frequency-domain allocation and monitoring up to three different CORESETs in a BWP. 
[bookmark: _Ref111210477]Observation 3: Configuring PDCCH monitoring over different CORESETs for SBFD and DL-only slots/symbols may require configuring separate search spaces per each slot in the periodic SBFD partition pattern, each with the same slot periodicity but different slot offsets, soon using up the maximum number of search spaces that can be configured. 
[bookmark: _Ref111210881]Proposal 2: Study enhancements to Search Space configuration which allow adaptation to SBFD partitioning.
PDSCH allocation in SBFD symbols
Frequency-domain PDSCH allocation is dynamically indicated through DCI, using either Type-0 or Type-1 format. Type-0 FDRA is based on a bitmap where each bit represents an RB group with RB size depending on BWP-size and a binary configuration option that allows halving the bitmap size (max. 18 vs. max 9 bits, i.e. RBGs) at the expense of doubling the RBG size (a power of two between 2 and 16 RBs). Thus, FDRA Type-0 readily allows for rather flexible, non-contiguous RB allocations, which may be required in SBFD operation to allocate RBs from multiple, non-contiguous DL subbands.
However, some resource fragmentation may occur at the edge(s) of DL subband(s) near the UL-subband(s) with FDRA Type-0. Based on the knowledge of partitioned symbols and the boundary between DL and UL subbands, the UE should support Type-0 FDRA comprising fractional RBGs at such boundaries, in much the same way as in the case of fractional RBGs at BWP edges according to the current standard, as illustrated in Figure 1.
[image: ]
[bookmark: _Ref110502974]Figure 1: PDSCH FDRA Type-0 with fractional RBG allocation at DL subbing edges.
Meanwhile, Type-1 FDRA is based on starting RB and RB length, hence supports RB granularity allocations but only over a contiguous segment of VRBs. Contrary to Type-0 FDRA where each VRB always maps to the PRB having the same index, in Type-1 FDRA VRB-interleaving can be signalled dynamically, whereby the allocated VRB segment is mapped to two PRB segments starting at half the active BWP bandwidth distance, where even PRBs are mapped to the lower segment and odd PRBs to the higher segment.    
VRB-interleaving is not supported by FDRA Type-0 and is mostly incompatible with SBFD by FDRA Type-1 allocation, since PRB segments likely overlap with RBs that are not available to downlink. This prohibits VRB-interleaving altogether.
To bridge this gap, interleaved mapping of odd and even VRBs over physical RBGs allocated by Type-0 FDRA can be supported for SBFD, as illustrated by an example in Figure 2. Such interleaved VRB mapping would not alter the set of allocated PRBs, thus it would not influence coexistence with legacy UEs. 
In SBFD slots/symbols, Type-1 FDRA needs to be restricted (with rare exceptions) to non-interleaved VRB allocation confined within a single DL subband.          
[bookmark: _Ref111210725]Observation 4: Enhancements to FDRA shall consider co-existence with legacy UEs.
[bookmark: _Ref111210727]Observation 5: When using FDRA Type-0 for PDSCH scheduling, certain RBG(s) may be unavailable due to partial overlap with UL-subband (and/or any guard band) leading to resource fragmentation. 
[bookmark: _Ref111210883]Proposal 3: Based on the knowledge of partitioned slots/symbols and the boundary between DL and UL subbands, support Type-0 FDRA comprising fractional RBGs at such boundary.
[bookmark: _Ref111210729]Observation 6: VRB-interleaving is not supported by FDRA Type-0 and is mostly incompatible with SBFD by FDRA Type-1 allocation, since PRB segments likely overlap with RBs that are not available to downlink. This prohibits VRB-interleaving altogether.
[bookmark: _Ref111210886][bookmark: _Hlk110501961]Proposal 4: Support interleaved mapping of odd and even VRBs over physical RBGs allocated using Type-0 FDRA.
[image: ]
[bookmark: _Ref110502979][bookmark: _Hlk110503806]Figure 2: PDSCH FDRA Type-0 with fractional RBG allocation at DL subband edges and VRB-interleaving.
Uplink resource allocation in SBFD
Resource allocation for CG-PUSCH
For Type-1 CG-PUSCH transmission, the FDRA is fully configured by RRC. On the other hand, the FDRA for Type-2 CG-PUSCH transmission is partially configured by RRC and can be activated/deactivated through DCI. In both cases, a single FDRA is configured for all slots within the defined transmission periodicity. However, for SBFD the CG-PUSCH periodicity may cover UL-only and SBFD partitioned slots/symbols. As a result, periodic transmission from UL-only slots may overlap with the DL subbands in SBFD partitioned slot as shown in Figure 3. Moreover, since the UL-only slot covers the entire BWP of the slot while SBFD partitioned slot covers a subband, the two slot types have different bandwidths. Therefore, using the same FDRA for both slot types limits the flexibility in resource allocation by coupling the resource allocation for SBFD and UL-only slots.
[image: ]
[bookmark: _Ref111206064]Figure 3: Periodic CG-PUCCH transmission in SBFD.
To enable a flexible and more efficient resource allocation, two FDRA for CG-PUSCH transmission can be provided to the UE where one FDRA is applied to the UL-only slots and the second FDRA is applied to the SBFD slot. Furthermore, due to the different availability of resources, the gNB may want to configure the UE with CG-PUSCH on the UL-only slots. The current periodicity configuration doesn’t allow such flexibility. Hence, a mechanism for skipping/disabling CG-PUSCH transmission occasions on SBFD slots can be introduced.
[bookmark: _Ref111210731]Observation 7: For CG-PUSCH transmission, a single FDRA is configured for all UL slots. This may impact flexibility in resource allocation in SBFD since it has two types of slots with different bandwidths.
[bookmark: _Ref111210888]Proposal 5: Support two FDRA for CG-PUSCH transmission based on slot type.
[bookmark: _Ref111210890]Proposal 6: Support skipping of periodic transmissions (e.g., CG-PUSCH) in SBFD slots.
Resource allocation for DG-PUSCH
Frequency domain allocation for DG-PUSCH transmission with repetition is indicated dynamically through DCI. The UE can be configured to transmit two or more repetitions that can be across multiple consecutive slots (Repetition Type-A) and/or within a single slot (Repetition Type-B). Like the case of CG-PUSCH transmission, the group of slots for PUSCH repetition may consist of UL-only and SBFD partitioned slots/symbols. Therefore, repetition from UL-only slots may overlap with the DL subbands in SBFD partitioned slots as shown in Figure 4. Also, using the same FDRA for both slot types within a PUSCH repetition limits the flexibility in resource allocation. One option for the gNB is to always allocate resources that are within the bandwidth of the UL-SB even in the UL-only slots. However, this will cause scheduling limitation and UEs’ congestion in the middle of the UL-only slots.
[image: ]
[bookmark: _Ref111206012]Figure 4: DG-PUCCH repetition in SBFD.
One possible approach to address the issue is to support two FDRA for DG-PUSCH repetition. One FDRA is defined for UL-only slots within the DG-PUSCH repetition, whereas the other FDRA is defined for SBFD partitioned slots/symbols within the DG-PUSCH repetition. Another approach is to allow the repetitions to be performed on specific set of slots (e.g., UL-only slots) and skipped on other set of slots (e.g., SBFD slots). Certainly, this feature needs to be enabled/disabled dynamically to allow the repetitions to be performed on both types of slots when needed. In addition, enhanced UEs should support skipping of specific repetitions for DG-PUSCH repetition. The UE can skip repetitions that overlaps with the DL subband in SBFD partitioned slots.
[bookmark: _Ref111210732]Observation 8: For DG-PUSCH with repetition, a single FDRA is defined for all slots within a repetition. This may impact flexibility in resource allocation in SBFD since it has two types of slots with different bandwidths.
[bookmark: _Ref111210891]Proposal 7: Support two FDRA for DG-PUSCH repetition based on slot type.
[bookmark: _Ref111210893]Proposal 8: Allow the support of skipping of PUSCH repetition that occurs in SBFD slots.
PUSCH Frequency Hopping
According to the current specification, the UE can be instructed through RRC or DCI to apply either intra-slot or inter-slot frequency hopping. Intra-slot frequency hopping divides the symbols within a slot into two sections. The first section applies the original FDRA assignment with no offset, while the second section applies a frequency hopping offset. In the case of inter-slot frequency hopping, different RB assignments are applied for even and odd numbered slots. Even numbered slots apply the indicated FDRA assignment with no offset, while odd numbered slots apply a frequency hopping offset. 
For both intra-slot and inter-slot frequency, the RB start after applying frequency hopping offset is calculated such that the resource allocation is confined within the UL BWP. For SBFD partitioned slots, the resource allocation with frequency hopping is likely to overlap with DL subband since the bandwidth of the UL subband is less than the bandwidth of the BWP, as shown in Figure 5. Therefore, the starting RB for both intra-slot and inter-slot frequency hopping must be chosen to ensure that the resource allocation always remains within the UL subband of SBFD partitioned slots. 
[image: ]
[bookmark: _Ref111207280]Figure 5: PUSCH frequency hopping in SBD.
The main advantage of frequency hopping is to provide frequency diversity and robustness to poor channel conditions. For SBFD partitioned slots, the diversity gain obtained from frequency hopping is reduced compared to UL-only slots because of the smaller UL subband. Therefore, a mechanism to disable the inter-slot frequency hopping in SBFD slots could help in allowing flexible frequency hopping in the UL-only slots. 
Alternatively, the frequency hopping procedure needs to be modified to enable frequency hopping that is confined within the UL-SB in the SBFD slots. This can be done by changing the expression for calculating the starting RB for frequency hopping. For SBFD slots the factor for the modulo operation should be changed to the number of RBs within the UL-SB. In addition, a new factor should be added to indicate the first RB in the UL-SB. Therefore, the expression for calculating the starting RB for intra-slot frequency hopping can be modified as  

where  is the starting RB within the slot based on FDRA,  is the frequency hopping offset,  and  are the first hop and second hop, respectively,  is the maximum number of RBs for the set of slots with index j, RBfirst(j) is the first UL RB for the set of slots with index j , . 

Similarly, the expression for calculating the starting RB for inter-slot frequency hopping can be modified as  


Where n is the current slot number within a system radio frame,  is the starting RB within the slot based on FDRA.

[bookmark: _Ref111210734]Observation 9: When frequency hopping is enabled for SBFD, the resource allocation with frequency hopping offset applied may not be confined within the UL subband of a SBFD partitioned slot.
[bookmark: _Ref111210895]Proposal 9: Modify the frequency hopping procedure for intra-slot and inter-slot frequency hopping to enable frequency hopping that is confined within the UL-SB in the SBFD slots.
[bookmark: _Ref111210896]Proposal 10: Support frequency hopping in the UL-only slots for inter-slot frequency hopping.
UE-UE CLI measurement
Inter-subband UE-UE CLI measurements  
In R16 SRS-RSRP measurements was introduced to assess the inter-cell, co-channel (i.e., intra-subband) UE-UE CLI from non-synchronized TDD. In SBFD, on the other hand, the adjacent sub-band intra-cell aggressor candidates need to be compared, too. Although the interference power leaking into the victim’s subband cannot be measured directly by this method, but for ranking aggressors this might not be required. By avoiding simultaneous scheduling with the worst UE aggressor candidates, co-channel (i.e., intra-subband) intercell interference (from aggressor BS – in the case of aligned SBFD layouts) will likely dominate. If so, then measuring and comparing the SRS-RSRP of the adjacent subband aggressor candidates may be sufficient for UE-UE CLI-aware scheduling, without accurately estimating the leakage ratio into the victim’s DL subband.
[bookmark: _Ref111210898]Proposal 11: Study whether SRS-RSRP-based ranking of UE aggressor candidates is sufficient for the optimization of UL-DL inter-subband CLI.
Alternatively, to assess the interference power that effectively leaks into the victim UE’s DL reception, the victim UE could measure CLI-RSSI in its downlink subband. Based on the reported CLI-RSSI the scheduler may not be able to discriminate between the inter-subband cross-link interference(s) and the intra-subband inter-cell interference (DL-DL or UL-DL), unless e.g., the latter is muted. RRC IE RateMatchPattern may be used for RB-level PDSCH muting purposes.   
Furthermore, the adjacent subband interference ratio can also be estimated if CLI-RSSI can be measured in both the aggressor’s subband and the victim’s subband while inter-cell interference is muted in both subbands during the measurement. Yet, this ratio may or may not be necessary (e.g., to offset reported SRS-RSRP values) for the scheduling based on the circumstances. 
[bookmark: _Ref111210902]Proposal 12: Study the feasibility and cost of muting co-channel interferer for the assessment of inter-subband UE CLI using CLI-RSSI measurements.
In the current specification, UE-UE CLI measurement is supported by Layer-3 measurement and reporting framework. This allows accurate measurement and tracking of the large-scale fading w.r.t. the aggressor using L3 filtering (which can also be disabled). Up to 32 different SRS-RSRP and 64 CLI_RSSI measurement objects can be configured with separate measurement resources. The minimum latencies of RRC configuration and event triggered RRC reporting are in the realm of ten milliseconds (while periodic reporting could be configured with an interval of minimum 120ms), which is adequate for coordinating measurements and interference mitigation with neighbour cells, but for ad-hoc assessment of inter-subband cross-link interferences within the cell may be too slow. Due to the dynamic nature of SBFD scheduling and the increased number of UE-UE pairs to be assessed, Layer-3 UE-UE CLI measurement enabling and disabling may not be flexible enough. Therefore, the need for Layer-1 UE-UE CLI measurement, and the details of its features should be studied. 
[bookmark: _Ref111210904]Proposal 13: Study the need for Layer-1 UE-UE CLI measurement, and the details of its features.
Reverse UE-UE CLI measurements
One challenge for SBFD deployment is the presence of legacy of UEs that don’t support R16 CLI measurement. For such UEs, the network can’t adopt scheduling algorithm to avoid simultaneous scheduling of UE with proximity (i.e., with high inter-UE CLI). On possible solution is utilize the CLI report from a UE that supports CLI measurement to estimate the CLI that UE could cause to legacy UE that doesn’t support CLI measurement. UE-UE CLI-prediction based on measurement in reverse Tx-Rx direction can be used to protect legacy UEs not supporting UE-UE CLI measurements (Figure 6). However, due to asymmetries of Tx and Rx branches (e.g., number of Tx and Rx antennae), Tx-Rx reciprocity will not always hold, or will hold for large-scale propagation parameters only. Therefore, RAN1 should study the feasibility of using “reverse” UE-UE CLI measurement to protect legacy UEs not supporting CLI measurements.
[image: ]
[bookmark: _Ref110506027]Figure 6: Forward and reverse CLI-measurement and prediction scenarios involving one legacy UE without CLI-measurement UE capability.
In FR1, we may consider, for simplicity, an example configuration of 1Tx4Rx antenna configuration for both the aggressor and the victim UEs. In reverse CLI-measurement, the victim has the role of Tx instead of Rx, and the aggressor turns to Rx instead of Tx. To collect measurements over all antennae of the victim UE, the victim can be configured to transmit a set of SRS resources with ‘usage’ set to ‘antennaSwitching’ ‎[2] (Figure 7). As for the measuring UE, according to the current standard, the following behaviour can be configured for each SRS-Resource separately:
Step 1. Measure SRS-RSRP per each Rx branch
Step 2. Aggregate SRS-RSRP over Rx branches
Step 3. Filter SRS-RSRP
Step 4. (Evaluate trigger, if event triggered reporting)
Step 5. Report result along with Meas-id and SRS-id
The above SRS-RSRP measurement behaviour has the following limitations when used for reverse CLI-prediction: 
· Only the aggregate SRS-RSRP value is reported dropping the values measured per Rx antenna.
· SRS-resources transmitted over switched antennae will be reported on separately by measuring UE, causing inefficiency.
Therefore, we propose that the UE reports SRS-RSRP (or CLI-RSSI) per Rx antenna separately and SRS-RSRP measurement resource can be configured to report an aggregate SRS-RSRP value measured over a set of SRS resources.
[image: ]
[bookmark: _Ref110506082]Figure 7: SRS-RSRP measurement with transmit-side usage of ‘antennaSwitching’ using the current features of the standard
[bookmark: _Ref111210735]Observation 10: UE-UE CLI-prediction based on measurement in reverse Tx-Rx direction is useful to protect legacy UEs not supporting such measurements. 
[bookmark: _Ref111210907]Proposal 14: RAN1 to study the feasibility of using “reverse” UE-UE CLI measurement to protect legacy UEs not supporting such measurements.
[bookmark: _Ref111210737]Observation 11: SRS-RSRP measurement has the following limitations when used for reverse CLI-prediction: 
· Only the aggregate SRS-RSRP value is reported dropping the values measured per Rx antenna.
· SRS-resources transmitted over switched antennae will be reported on separately by measuring UE, causing inefficiency.
[bookmark: _Ref111210909]Proposal 15: UE reports SRS-RSRP (or CLI-RSSI) per Rx antenna separately.
[bookmark: _Ref111210911]Proposal 16: SRS-RSRP measurement resource can be configured to report an aggregate SRS-RSRP value measured over a set of SRS resources.
In FR2, potential differences in the Tx and Rx analog beam patterns may hinder Tx-Rx reciprocity in reverse CLI-measurement scenario. Therefore, the measuring UE should be configured to use its appropriate Tx analog beam pattern (instead of Rx beam pattern). To this end, the configuration QCL-TypeD spatial relationship information should be supported for SRS-RSRP measurement resources. Figure 8 illustrates how FR2 analog beam patterns (aggressor Tx and victim Rx, or vice versa in reverse measurement case) influence the SRS-RSRP measurement. Dominant propagation paths through main or side lobes of Tx and Rx beam patterns are possible as illustrated by the examples. 
[image: ]
[bookmark: _Ref110508349]Figure 8: FR2 analog beam patterns influencing (forward/reverse) SRS-RSRP measurement.  
[bookmark: _Ref111210744]Observation 12: In FR2 reverse CLI-measurement scenario, measuring UE should be configured to use its Tx analog beam pattern (instead of Rx beam pattern).
[bookmark: _Ref111210914]Proposal 17: SRS-RSRP measurement can be configured with QCL-TypeD (spatial relationship information).
Conclusion
In this contribution, we discussed subband non-overlapping full duplex (SBFD) for NR, and included considerations on subband partition signalling and operation, and frequency domain- resource allocation, UL TPC and UE-UE CLI measurement in SBFD.
Observation 1: By use of SBFD partition information UE behaviour can be enhanced in:
· e.g., decoding adaptive FDRA allocations.
· e.g., resolving intra-UE scheduling collisions.
Observation 2: CORESET allocation readily supports non-contiguous frequency-domain allocation and monitoring up to three different CORESETs in a BWP.
Observation 3: Configuring PDCCH monitoring over different CORESETs for SBFD and DL-only slots/symbols may require configuring separate search spaces per each slot in the periodic SBFD partition pattern, each with the same slot periodicity but different slot offsets, soon using up the maximum number of search spaces that can be configured.
Observation 4: Enhancements to FDRA shall consider co-existence with legacy UEs. 
Observation 5: When using FDRA Type-0 for PDSCH scheduling, certain RBG(s) may be unavailable due to partial overlap with UL-subband (and/or any guard band) leading to resource fragmentation. 
Observation 6: VRB-interleaving is not supported by FDRA Type-0 and is mostly incompatible with SBFD by FDRA Type-1 allocation, since PRB segments likely overlap with RBs that are not available to downlink. This prohibits VRB-interleaving altogether. 
Observation 7: For CG-PUSCH transmission, a single FDRA is configured for all UL slots. This may impact flexibility in resource allocation in SBFD since it has two types of slots with different bandwidths. 
Observation 8: For DG-PUSCH with repetition, a single FDRA is defined for all slots within a repetition. This may impact flexibility in resource allocation in SBFD since it has two types of slots with different bandwidths. 
Observation 9: When frequency hopping is enabled for SBFD, the resource allocation with frequency hopping offset applied may not be confined within the UL subband of a SBFD partitioned slot. 
Observation 10: UE-UE CLI-prediction based on measurement in reverse Tx-Rx direction is useful to protect legacy UEs not supporting such measurements. 
Observation 11: SRS-RSRP measurement has the following limitations when used for reverse CLI-prediction:
· Only the aggregate SRS-RSRP value is reported dropping the values measured per Rx antenna.
· SRS-resources transmitted over switched antennae will be reported on separately by measuring UE, causing inefficiency.
Observation 12: In FR2 reverse CLI-measurement scenario, measuring UE should be configured to use its Tx analog beam pattern (instead of Rx beam pattern).

Proposal 1: UE can be configured with periodic SBFD partition pattern through SIB and dedicated RRC signalling. FFS: SFI dynamic indication of periodic SBFD partition pattern.
Proposal 2: Study enhancements to Search Space configuration which allow adaptation to SBFD partitioning. 
Proposal 3: Based on the knowledge of partitioned slots/symbols and the boundary between DL and UL subbands, support Type-0 FDRA comprising fractional RBGs at such boundary. 
Proposal 4: Support interleaved mapping of odd and even VRBs over physical RBGs allocated using Type-0 FDRA. 
Proposal 5: Support two FDRA for CG-PUSCH transmission based on slot type. 
Proposal 6: Support skipping of periodic transmissions (e.g., CG-PUSCH) in SBFD slots. 
Proposal 7: Support two FDRA for DG-PUSCH repetition based on slot type. 
Proposal 8: Allow the support of skipping of PUSCH repetition that occurs in SBFD slots. 
Proposal 9: Modify the frequency hopping procedure for intra-slot and inter-slot frequency hopping to enable frequency hopping that is confined within the UL-SB in the SBFD slots.
Proposal 10: Support frequency hopping in the UL-only slots for inter-slot frequency hopping.
Proposal 11: Study whether SRS-RSRP-based ranking of UE aggressor candidates is sufficient for the optimization of UL-DL inter-subband CLI. 
Proposal 12: Study the feasibility and cost of muting co-channel interferer for the assessment of inter-subband UE CLI using CLI-RSSI measurements. 
Proposal 13: Study the need for Layer-1 UE-UE CLI measurement, and the details of its features. 
Proposal 14: RAN1 to study the feasibility of using “reverse” UE-UE CLI measurement to protect legacy UEs not supporting such measurements. 
Proposal 15: UE reports SRS-RSRP (or CLI-RSSI) per Rx antenna separately. 
Proposal 16: SRS-RSRP measurement resource can be configured to report an aggregate SRS-RSRP value measured over a set of SRS resources. 
Proposal 17: SRS-RSRP measurement can be configured with QCL-TypeD (spatial relationship information).
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2. REVERSE CLI-prediction using Tx-Rx CLI-reciprocity: aggressor UE measures SRS-RSRP 

when victim legacy UE has no such capability. Protects legacy UE performance.
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1. FORWARD CLI-prediction: fixed Tx-Rx roles, victim UE measures SRS-RSRP’s
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