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1. [bookmark: _Ref521334010]Introduction
This document summarizes the inputs and the discussions on subband non-overlapping full duplex in RAN1#113.
2. Proposals for online sessions
2.1. May 23rd (Tue)
Proposal 1-1a
Proposed Conclusion:
At least for semi-static SBFD, in order to avoid frequent switching between SBFD and non-SBFD symbols, potential limitation on the maximum number of switching transition points between SBFD and non-SBFD symbols can be considered from SBFD subband configuration perspective. Maximum of two switching transition points including one switching transition point from non-SBFD symbols to SBFD symbols and one switching transition point from SBFD symbols to non-SBFD symbols within a TDD UL/DL pattern period can be considered as a starting point where the switching transition point can be aligned with slot boundary or within a slot.
A guard period between SBFD and non-SBFD symbols may or may not be required at gNB and/or UE side depending on whether gNB needs to change connections between Tx/Rx chains and panel groups, whether gNB/UE need to adapt or tune the filters, whether UL timing is the same or different in SBFD and non-SBFD symbols and/or whether or not guard period needs to be reserved in UL subband to avoid interference between different UEs for switching from full DL symbols to a SBFD symbol etc.

Proposal 3-2a
Proposed Conclusion:
For the three methods agreed to be studied for UE-to-UE CLI-RSSI measurement/report across downlink subbands, the following observations are agreed.
· Method #1 allows flexible configuration of measurement reporting in one DL subband or two DL subbands but it consumes multiple CLI-RSSI measurement resources from the UE capability budget. 
· Method #2 restricts gNB configuration flexibility and does not account for whether or not the CLI is asymmetric across two DL subbands.
· Method #3 requires additional specification efforts. Similar design for non-contiguous CSI-RS resource allocation can be considered for non-contiguous CLI-RSSI measurement resource across downlink subbands. A single CLI-RSSI report based on non-contiguous CLI-RSSI resource is sufficient except if finer frequency granularity of CLI measurement and report is supported which is separately discussed.

Proposal 3-1
Proposed Conclusion:
For inter-UE inter-subband CLI measurement, SINR can be measured within DL subband where UE measures the signal strength of DL signal transmitted within DL subband and interference based on configured resources within DL subband.

Proposal 1-5a
Proposed 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 due to limited RBs in the partial PRG. 
From UE perspective, UE may need to be able to handle up to four partial PRGs within a DL BWP
· Existing UEs support up to two partial PRGs within a DL BWP without UE capability signalling.

Proposal 1-8a 
Proposed Conclusion:
For the case that: 
(a) The monitoring periodicity of a search space is such that different monitoring occasions in different slots occur in SBFD and non-SBFD symbols, respectively, and,
(b) The associated CORESET overlaps the boundary of a DL subband in SBFD symbols
The existing specifications provide at least the following CORESET and search space configuration to avoid the case including:
· The periodicity, offset, and duration of a search space are configured such that MOs of the search space occur in either SBFD slots or non-SBFD slots; 
· The associated CORESET is configured such that it does not overlap the boundary of a DL subband in SBFD symbols.
· PDCCH skipping and SSSG switching can be used to avoid the case.
For the options agreed to be studied for potential enhancement, Option 5 is not considered.

2.2. May 24th (Wed)
Proposal 1-4b
Proposed Agreement:
An UL subband can be configured in an SSB symbol.
· Note: It is SSB from serving cell perspective, which can be CD-SSB or NCD-SSB.

Proposal 1-6b 
Proposed Conclusion:
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-contigous segments of contiogous RBs that may increase UE complexity for channel estimation.

Proposal 1-8b 
Proposed Conclusion:
gNB can configure a CORESET and a search space in a way such that the MOs of the search space occur in either SBFD or non-SBFD symbols, or the MOs of the search space occur in both SBFD and non-SBFD symbols but the associated CORESET does not overlap the boundary of a DL subband in SBFD symbols.
If it is agreed to be beneficial that a CORESET and a search space are configured that the MOs of the search space occur in both SBFD and non-SBFD symbols and the associated CORESET overlaps the boundary of a DL subband in SBFD symbols, at least the following options can be considered for potential enhancement for SBFD-aware UE:
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
· [Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols]
Note: Whether these enhancements are applicable to only USS or also CSS

Proposal 3-3a
Proposed Conclusion:
For the methods agreed to be studied for inter-UE inter-subband CLI measurement, Method #2 and Method #3 can be used for identifying the aggressor UE(s) if orthogonal resources are allocated for different aggressor UE(s); and Method #2 and #3 can provide more accurate CLI measurement and provide higher interference signal strength than inter-subband interference leakage based measurements in Method #1.
UE can measure RSRP/RSSI within UL subband and receive DL in DL subband(s) simultaneously similar as simultaneous RSRP/RSSI measurement and DL reception in Rel-16.
The existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband when UL subband is confined within DL BWP.

3. [bookmark: _GoBack]General aspects of SBFD schemes
This section discusses the general aspects of SBFD schemes except self-interference, inter-gNB and inter-UE CLI handling schemes.
3.1. Summary of input contributions
The inputs from companies’ contributions are summarized below as per moderator’s understanding. Moderator would like to apologize in advance if your views are not correctly captured or are missed. Companies are encouraged to correct/update the summary with revision marks if needed.
1. 
2. 
3. 
3.1. 
3.1.1. SBFD operation
3.1.1.1. Slot with SBFD and non-SBFD symbols
The following agreement was made in RAN1#112 to study whether or not a slot can consist of both SBFD and non-SBFD symbols.
	Agreement
Study whether or not a slot can consist of both SBFD and non-SBFD symbols including
· Benefits
· Use cases
· Scheduling flexibility
· Implementation complexity 
· Compatibility with legacy TDD DL/UL configuration



Furthermore, the following conclusion was made in RAN1#112bis-e.
	Conclusion
The following RAN1 observation is made:
One motivation for allowing that a slot can consist of both SBFD and non-SBFD symbols is for compatibility with symbol-level TDD UL/DL configuration.
Frequent switching between SBFD and non-SBFD symbols may increase the implementation complexity and interruptions of transmissions/receptions during transition. 
· Further study whether limitation(s) on the maximum number of switching points between SBFD and non-SBFD symbols within a slot, a TDD UL/DL pattern period, and/or semi-static SBFD configuration period (if different from TDD UL/DL pattern period) are needed
· Further study scenarios a guard period between SBFD and non-SBFD symbols is required/not required and the length of the guard period if required
Note: Whether or not a physical channel/signal occasion is mapped to both SBFD and non-SBFD symbols within a slot is a separate discussion.



Maximum number of switching points:
CMCC, Ericsson, Huawei, Qualcomm proposed maximum of two switching points within a TDD UL/DL pattern period.
The following examples are provided by Qualcomm in [29] considering DDDSU pattern which is commonly used in commercial networks. When SBFD operation is configured for all DL symbols in the pattern, then only one switching point exist in the S slot. However, when SBFD operation is configured starting at subset of the downlink symbols, but still contiguous symbols, then there are two switching points in the TDD pattern.



  			    
[bookmark: _Ref134455324]Figure 3‑1 Examples of maximum number of switching Points within TDD pattern [29]
On the other hand, if the switching points are aligned on the slot boundaries as shown in figure below, then all slots are either SBFD or non-SBFD. However, maximum of two switching points are required. 



CATT proposed maximum of two switching points between SBFD and non-SBFD symbols within a semi-static SBFD configuration period, which means only one set of contiguous SBFD symbols can be configured within a semi-static SBFD configuration period.

CMCC, DOCOMO, Huawei, Nokia, Spreadtrum, xiaomi proposed to support maximum of one switching point between SBFD and non-SBFD symbols within a slot.
CMCC thinks it is consistent with maximum one DL-to-UL switching point within a slot in current NR design.
The reason from DOCOMO is that switching between SBFD and non-SBFD symbols may be more complicated than D-U switching and at most one switching point in one slot is allowed for most cases in Rel-15. 
The reason from Spreadtrum is that the TDD UL/DL configuration can only lead to one switching point in a slot by tdd-UL-DL-ConfigurationDedicated, such as DL-F-UL, or F-UL, or DL-F patterns. Among these three patterns, only DL-F-UL and F-UL would cause a switching point between SBFD and non-SBFD symbols, because UL symbol cannot be SBFD symbol in Rel-18.
Xiaomi thinks for a slot consisting of both SBFD symbols and non-SBFD symbols, it can directly reuse the mechanisms as self-contained slot structure, i.e. only one switching point is allowed within the slot. The flexible symbols between DL symbols and UL symbols can be reused as the switching period for UE transition operation between SBFD symbols and non-SBFD symbols.

Sharp proposed up to two switching points between SBFD and non-SBFD symbols within a slot as baseline since some slot formats support two DL-to-UL switching points and there is no consensus to support SBFD operation in uplink symbols yet.
TCL also proposed maximum of two switching points within a slot where SBFD symbols are contiguous in a slot in order to have a three-symbol offset from the start of the slot to allow gNB to utilize the first three symbols for PDCCH transmission to the UEs in non-SBFD symbols only.


Figure 3‑2: non SBFD and SBFD operation within a slot [11]

ETRI proposed at least two switching points should be able to be configured considering “D->F” and “F->U” switching points in slots with DFU symbols, while the actual number of switching points can be limited as 1.

Necessity of guard period between SBFD and non-SBFD symbols:
· May be required
· Supported by: CATT, Ericsson, InterDigital, Nokia, Qualcomm, Sharp
· adapt or tune subband analog/digital filters [CATT, Ericsson, Qualcomm]
· from a full DL symbol to an SBFD symbol to avoid interference within a cell [CATT, MediaTek, Nokia]
· If the UE is scheduled to receive DL transmission in SBFD symbols and transmit UL transmission in the subsequent non-SBFD symbols for transition from SBFD symbol to UL symbol [Nokia]
· panel switching e.g. gNB may use one panel for UL reception in SBFD symbols while using two panels in the UL symbols [Qualcomm]
· adjust UL timing in case of different TA-offset values in SBFD and non-SBFD symbols [Qualcomm]
· UL sampling rate adjustment [CATT, Qualcomm]
· May not be required
· Supported by: CMCC, Nokia, vivo
· if the gNB does not need to retune the filter(s) or change the connections between Tx/Rx chains and panel groups when switching between full-DL/UL symbols and SBFD symbols, or if configured parameters for SBFD symbols and that for non-SBFD symbols are the same [vivo]
· UE can switch potential digital filter very fast with only a few microseconds [vivo]
· gNB doesn’t need to change the connection between Tx/Rx chain and panel groups between DL/UL and SBFD symbols if the SBFD antenna configuration Option-2 (Method 2-1) and SBFD antenna configuration Option-3 (Method 3-1) are implemented [CMCC]
· If if only UL transmissions are scheduled in SBFD and non-SBFD symbols for transition from SBFD symbol to UL symbol [Nokia]

Length of guard period
· Up to RAN4
· Supported by: Qualcomm,

Support of a slot with SBFD and non-SBFD symbols
· A slot can consist of SBFD and non-SBFD symbols
· Supported by: CEWiT, DOCOMO, ETRI, Huawei, Indian Institute of Tech (M), Intel, Lenovo, MediaTek, Nokia, Qualcomm, Samsung, Sony, TCL, vivo, xiaomi, ZTE
· Low priority: Spreadtrum

3.1.1.2. Dynamic SBFD
It was agreed in RAN1#112 to further study dynamic SBFD.
	Agreement
For dynamic SBFD,
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in the symbol configured as flexible in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· UL transmissions outside the semi-statically configured UL subbands are not allowed
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed
· UL transmissions outside the semi-statically configured UL subbands are allowed
Dynamic SBFD should be compared with dynamic TDD and/or semi-static SBFD in terms of performance, implementation complexity, switching latency.
For each option, additional conditions may apply to determine whether the option is applicable.



Companies’ views are summarized below.
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed
· Supported by: Apple, CATT, Ericsson, LG (both semi-static & dynamic SBFD), MediaTek, OPPO, Samsung, Spreadtrum, TCL
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· Supported by: ASUSTEK, CEWiT, CMCC, DOCOMO, ETRI, Fujitsu, vivo, ZTE, Huawei, Intel, ITRI, Lenovo, LG, MediaTek (based on UE capability or higher layer configuration), NEC, New H3C, Nokia, Panasonic, Qualcomm, Sony, vivo, WILUS, xiaomi, ZTE
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in the symbol configured as flexible in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
· Supported by: Apple, CATT, Ericsson, LG (both semi-static & dynamic SBFD), MediaTek, OPPO, Samsung, Spreadtrum
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· UL transmissions outside the semi-statically configured UL subbands are not allowed
· Supported by: Lenovo, LG, xiaomi, ZTE 
· Not precluded at this stage: MediaTek
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed
· UL transmissions outside the semi-statically configured UL subbands are allowed
· Supported by: ASUSTEK, CEWiT, CMCC, DOCOMO, ETRI, Fujitsu, Huawei, Intel, ITRI, TCL, New H3C,vivo, MediaTek (based on UE capability or higher layer configuration), NEC, Nokia, Qualcomm, Sony, vivo, WILUS 

Evaluation results
Vivo, CATT, Ericsson and LG provided simulation results of dynamic SBFD.
Vivo’s evaluation results show that for FR1 InH scenario and for asymmetric packet size with 0.5Mbytes for DL and 0.125Mbytes for UL, 
· When frame structure#3 (XXXXX) is assumed, dynamic SBFD can achieve the best performance in both DL and UL, among semi-static SBFD, dynamic SBFD and dynamic TDD, for all RU levels.
· When frame structure#2 (XXXXU) is assumed, dynamic SBFD can achieve the best performance in both DL and UL, among semi-static SBFD, dynamic SBFD  and dynamic TDD, at least for low RU and medium RU.
CATT observed the following:
· Compared with semi-static SBFD, dynamic SBFD outperforms in DL but degrades the performance in UL;
· Compared with dynamic TDD, dynamic SBFD case 1 (Option 2) outperforms in DL but degrades the performance in UL; dynamic SBFD case 2 (Option 3) brings limited benefit in both DL and UL.
Ericsson provided evaluation results for Urban Macro and Indoor Hotspot and observed that dynamic SBFD do not offer a performance advantage compared to the considerably simpler dynamic TDD system.
LG has the following observations at least for InH case:
· In the case of low RU, the DL throughput of dynamic SBFD is similar to legacy TDD because the opportunity for assigning the DL-only symbol is increased when dynamic SBFD is operated.  Also, the UL throughout of SBFD outperforms that of legacy TDD.
· In the case of high RU, the DL throughput of dynamic SBFD is similar to semi-static SBFD, and the DL performance of SBFD is less than that of legacy TDD because of a lack of DL resources. But, the UL throughout of SBFD outperforms that of legacy TDD.

Dynamic SBFD scheme
The following proposal was discussed but not agreed in RAN1#112bis-e.
	Proposed Agreement:
Study at least the following options for dynamic SBFD.
· Option 1: Dynamic SBFD is achieved by scheduling DCI which is used to indicate whether the RBs in flexible subband are used for UL transmission or DL transmission. 
· FFS definition of flexible subband, e.g. flexible subband is defined as 1 RB or a set of consecutive flexible RBs, which can be used for UL transmission, DL transmission, and guard band 
· FFS benefit of introducing flexible subband in addition to UL/DL subbands
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine whether DL receptions outside semi-statically configured DL subband and/or UL transmission outside semi-statically configured UL subband are allowed.
· Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.
Note: whether or not dynamic SBFD is beneficial from a performance perspective is a separate discussion



Companies’ views are summarized below.
· Option 1: Dynamic SBFD is achieved by scheduling DCI which is used to indicate whether the RBs in flexible subband are used for UL transmission or DL transmission. 
· Supported by: Huawei
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine whether DL receptions outside semi-statically configured DL subband and/or UL transmission outside semi-statically configured UL subband are allowed.
· Supported by: Fujitsu, xiaomi (scheduling DCI indicates whether a symbol is SBFD symbol or not)
· Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.
· Supported by: CMCC, Fujitsu, Lenovo, xiaomi
· Option 4: MAC-CE based indication
· Supported by: Qualcomm

3.1.1.3. SBFD operation in SSB symbols 
It was agreed in RAN1#110bis-e to study whether SBFD operation in SSB symbols is supported or not.
	Agreement
Study whether SBFD operation in SSB symbols is supported or not.



In RAN1#112bis-e, two options for SBFD operation in SSB symbols below were agreed.
	Agreement
Study the following options for SBFD operation in SSB symbols.
· Option 1: UL subband cannot be configured in an SSB symbol
· FFS handling of misaligned periodicities between SSB and semi-static SBFD subband time location configuration
· Option 2: An UL subband can be configured in an SSB symbol
· FFS whether/when and/or under which conditions an SBFD-aware UE transmits in the UL subband or may receive SSB in the symbol.



Companies’ views are summarized below:
· Option 1: UL subband cannot be configured in an SSB symbol
· Supported by: CMCC, DOCOMO, MediaTek, Nokia (and symbols preceding SSB symbols), OPPO?
· handling of misaligned periodicities between SSB and semi-static SBFD subband time location configuration
· Different semi-static SBFD subband time location configurations can be configured in different TDD UL/DL pattern periods or semi-static SBFD configuration periods. For example, for a TDD UL/DL pattern period or semi-static SBFD configuration period doesn’t consist SSB symbols, all DL and flexible symbols can be configured with UL subband, but for a TDD UL/DL pattern period or semi-static SBFD configuration period consists SSB symbols, the time location of UL subband should avoid the SSB symbols. [CMCC]
· One option to handle the misaligned periodicities would be to allow the SBFD configuration with the same periodicity as TDD configuration, but to override this configuration by determining that the UL subband is invalid in certain symbols, such as SSB symbols and the symbols preceding or succeeding the SSB symbols. These symbols are treated as DL-only. [Nokia]
· Moderator comment: looks like Option 2 and SBFD-aware UE cannot transmit in UL subband.
· In legacy NR, gNB can avoid configuring SSB symbol as UL. The case is similar and it seems not problematic to avoid UL subband to be configured in SSB symbol. [DOCOMO]
· Option 2: An UL subband can be configured in an SSB symbol
· Supported by: Apple, CATT, CEWiT, Ericsson, Fujitsu, Huawei, Indian Institute of Tech (M), InterDigital, Intel, ITRI, Lenovo, LG, New H3C, NEC, Samsung, Sharp ,Sony, Qualcomm, Spreadtrum, vivo, WILUS, ZTE
· Whether an SBFD-aware UE transmits in the UL subband
· Yes: Apple, Huawei (allowed on non-protected SSB but prohibited on protected SSB), Ericsson (based on gNB configuration), Samsung (configurable), Sony, ZTE
· UE always performs UL transmission according to the scheduling of the base station [ZTE]
· Define a set of protected SSBs and/or non-protected SSB, where UL transmission is allowed on non-protected SSBs but prohibited on protected SSBs. [Huawei]
· [bookmark: _Toc134802282]If SBFD symbol overlaps an SS/PBCH block symbol, a UE shall/shall not transmit in the UL subband of this symbol depending on gNB configuration. Example configurability is to (a) prioritize UL transmissions, or (b) prioritize SS/PBCH block reception. [Ericsson]
· Use of SBFD UL subbands on SSBs according to Option 2 should remain configurable by the gNB. [Samsung]
· At least allow CG-PUSCH and High L1 priority UL transmissions to be transmitted in SBFD OFDM symbols that overlap with SSB. [Sony]
· Higher layer configured PUSCH can be transmitted by rate-matching around symbols of SSB and DL-to-UL switching gap [WILUS]
· DCI indicated PUSCH can be prioritized to transmit in symbols of SSB configured by SMTC [WILUS]
· No: CATT, CEWiT, Intel, Sharp, Spreadtrum, vivo
· UE should have the freedom to monitor all the SSBs for beam management [Sharp]
· May result in more switching points between SBFD symbols and non-SBFD symbols [CATT]

Furthermore, vivo proposed to clarify that the corresponding SSB(s) includes both CD-SSB(s) and NCD-SSB(s).

3.1.2. Impact and potential enhancements for transmissions and receptions
1. 
2. 
3. 
3.1. 
3.1.1. 
3.1.2. 
3.1.2.1. 
3.1.2.1. PRG
The following agreement was made in RAN1#112.
	Agreement
For SBFD-aware UEs, study at least the following issues for PDSCH:
· PRG(s) with size of 2 and 4 that overlaps with subband boundary 
· Wideband precoder in case of non-contiguous DL subbands



PRG size of 2 and 4
CATT, Ericsson, Lenovo, MediaTek Spreadtrum, vivo, WILUS and xiaomi proposed that partial DL PRGs inside the DL subband caused by unaligned boundaries between PRG and SBFD subbands are supported for precoder granularity of 2 and 4 PRBs. 
Qualcomm thinks that the benefits of having extra partial PRGs across the DL subband boundaries are minimal. For example, when PRG size is 2, at most 1 extra RB is utilized. On the other hand, this may introduce extra UE complexity in terms of special DMRS channel estimation for handling up to four partial PRGs. It is considered that the expected gains don’t motivate the extra complexity at the UE side and the scenario can be avoided by proper configuration.

Wideband precoder
The following agreement was made in RAN1#112bis-e.
	Agreement
If PRG is determined as wideband, study the following two options:
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
· FFS: Precoding assumption within and across the two DL subbands
· Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
The study should include the impact on UE complexity



Companies’ views are summarized below.
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
· Supported by: CATT, CMCC, Ericsson, Huawei, Intel, MediaTek, Panasonic, Sharp, Spreadtrum, vivo
· If needed, corresponding UE capability can be introduced to resolve the UE implementation concern during the WI phase [vivo]
· Precoding assumption within the two DL subbands
· Same
· Supported by: CATT, Ericsson, Huawei, Intel, Spreadtrum, vivo
· Precoding assumption across the two DL subbands
· Same
· Supported by: Spreadtrum, LG
· Keep legacy UE behaviour [Spreadtrum]
· Assume wideband precoder with non-contiguous DL subbands derived by excluding frequency resource outside DL subband(s). [LG]
· Different
· Supported by: vivo, CATT
· For more flexibility [CATT, vivo]
· Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
· Supported by: Apple, Qualcomm, xiaomi
· If UE is scheduled across the two DL sub-bands, such processing gain, e.g., through time domain channel estimation techniques is not achieved. [Apple]

Qualcomm proposed that UE assumes same QCL/TCI assumption is applied per each subband regardless of precoding assumptions for Option 1 if adopted.

3.1.2.2. CSI-RS
3.1.2.2. 
	Agreement:
Study the frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs considering the following options:
· Option 1: Two contiguous CSI-RS resources that are linked
· Option 2: One CSI-RS resource
· Option 2-1: Non-contiguous CSI-RS resource allocation
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) 



The above options on non-contiguous CSI-RS resource allocation were studied with the following observations.
	Conclusion
For the options agreed to study in RAN1#112 for frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, the following observations are agreed.
· For all the options, there is no impact on CSI-RS sequence generation.
· Option 1 requires additional signalling to link two CSI-RS resources in two DL subbands. 
· Option 2-1 requires new RRC structure to configure non-contiguous RBs for one CSI-RS resource, which may require additional signalling overhead. 
· Option 2-2 can reuse the existing signalling design for CSI-RS resource configuration. Option 2-2 can be used to resolve the potential unaligned boundaries between CSI-RS resource configuration and SBFD subbands
· Further discussion is required on the UE complexity due to:
· UE capability of maximum number of configured CSI-RS resources
· Processing non-contiguous CSI-RS




Companies’ preferences are summarized below:
· Option 1: Two contiguous CSI-RS resources that are linked
· Supported by: MediaTek, Samsung (baseline)
· Option 2: One CSI-RS resource
· Option 2-1: Non-contiguous CSI-RS resource allocation
· Supported by: Ericsson, Huawei, Panasonic, Qualcomm, Samsung (one of Option 2-1 and 2-2 as enhancement)
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s)
· Supported by: CMCC, IDC, Intel, NEC, Nokia, Panasonic, Samsung (one of Option 2-1 and 2-2 as enhancement), Spreadtrum, Qualcomm, vivo, xiaomi

Regarding UE complexity increase, Qualcomm observed that UE complexity increases to process the CSI-RS across the two DL subbands which may increase CSI processing latency. Spreadtrum thinks that complexity increasing is affordable for UE, since the CSI sub-band granularity in frequency domain requires finer sub-band granularity measurement already, which can be contiguous and non-contiguous.

Moderator thinks that no further discussion is needed during SI.
3.1.2.3. CSI report
The following agreement was made in RAN1#112bis-e.
	Agreement
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity is such that CSI-RS instances occur in both SBFD and non-SBFD symbols:
· Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
· Option 1-1: One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only;
· Option 1-2: Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
· Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
· Option 2-1: One CSI-ReportConfig is associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively. Separate CSI measurements are derived based on the first and second CSI-RSs respectively.
· Option 2-2: One CSI-ReportConfig is associated with one CSI-RS. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances.
· FFS impact on UE CSI processing and reporting timeline
Note: Whether the CSI-RS resource can be used for SBFD and non-SBFD symbols may depend on, e.g., gNB implementation of same/different antenna configuration in both symbols. 
Option 1-1 can be supported according to existing specification by gNB configuration of appropriate periodicities to ensure that the CSI-RS associated with each CSI-ReportConfig is confined to either SBFD symbols or non-SBFD symbols only. But it may restrict the gNB configuration flexibility and enhancements can be considered by additional indication or rules to determine the CSI-RS is valid within one symbol type and is invalid in the other symbol type.
Option 2-2 can be supported according to existing specification to configure measurement restriction so that UE would not average CSI measurements across SBFD and non-SBFD symbols.



Ericsson thinks that no further discussion or down selection is needed during SI. Other companies’ views are summarized below.
· Option 1-1: One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only;
· Supported by: MediaTek, Qualcomm, Sharp, vivo, xiaomi, 
· No/Minimum specification impact [MediaTek, Sharp]
· Enable slot specific CSI reporting [MediaTek]
· Performance improvement compared with same CSI reporting [MediaTek]
· No measurement restriction setting [Sharp]
· Not supported by: CMCC, InterDigital,
· Additional configuration overhead [CMCC]
· The number of CSI-ReportConfig one UE supports is limited [CMCC]
· Configuring two CSI-RS for SBFD and non-SBFD symbols is not required and degrades resource allocation flexibility [InterDigital]
· Option 1-2: Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
· Supported by: Nokia
· Not supported by: CMCC, InterDigital,
· Additional configuration overhead [CMCC]
· The number of CSI-ReportConfig one UE supports is limited [CMCC]
· Configuring two CSI-RS for SBFD and non-SBFD symbols is not required and degrades resource allocation flexibility [InterDigital]
· Option 2-1: One CSI-ReportConfig is associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively. Separate CSI measurements are derived based on the first and second CSI-RSs respectively.
· Supported by: InterDigital, DOCOMO
· Limited number of CSI report configurations [DOCOMO]
· Reduced configuration overhead [InterDigital]
· Do not require unnecessarily complicated resource management at gNB side [InterDigital]
· Option 2-2: One CSI-ReportConfig is associated with one CSI-RS. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances.
· Supported by: CEWiT, CMCC, DOCOMO, Indian Institute of Tech (M), InterDigital, Lenovo, Spreadtrum, vivo, WILUS, xiaomi
· follows the current CSI report configuration principle which one CSI report config associates only one resource for channel measurement [CMCC]
· can be used regardless whether the measurement restriction is configured or not since UE can differentiate the CSI measurement results in SBFD symbol and non-SBFD symbol and could average the CSI measurements in SBFD symbols and non-SBFD symbols respectively [CMCC]
· Reduced configuration overhead [InterDigital]
· Do not require unnecessarily complicated resource management at gNB side [InterDigital]

Qualcomm proposed to discuss whether and under which conditions the same CSI-RS resource can be used for both SBFD and non-SBFD symbols. In some implementation, the gNB may use different panels for transmission in DL and SBFD symbols which may lead to different number of CSI-RS ports, or different power or beam per port. In other implementations, e.g. antenna optio-2 in AI 9.3.1, the gNB may use same large panel for DL transmission in TDD and SBFD symbols. The gNB antenna configuration will have an impact whether the same CSI report can be used for both SBFD and non-SBFD symbols. For example, if gNB uses different antenna configuration in SBFD and non-SBFD, (e.g. two panels in TDD and single panel in SBFD), then same CSI report configuration can’t be used as the Codebook configuration and associated panel configurations (N1, N2, Ng) may not be the same for CSI reporting in SBFD and non-SBFD symbols.

Moderator thinks that no further discussion is needed during SI.

3.1.2.4. PDCCH
The following agreement was agreed in RAN1#112bis-e.
	Agreement
For the case that: 
(a) The monitoring periodicity of a search space is such that different monitoring occasions in different slots occur in SBFD and non-SBFD symbols, respectively, and,
(b) The associated CORESET overlaps the boundary of a DL subband in SBFD symbols
Consider whether/how the above could be supported considering both existing tools in specifications on CORESET and search space configuration as well as at least the following options for potential enhancement for SBFD-aware UE:
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
· Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
Note: Whether these enhancements are applicable to only USS or also CSS



· No enhancement
· Supported by: Samsung, Spreadtrum, Ericsson, xiaomi
· Existing tools in specifications on CORESET and search space configuration already have sufficient flexibility for PDCCH [Spreadtrum, Ericsson]
· Rel-17 PDCCH monitoring adaptation, i.e., PDCCH skipping and SSSG switching can be considered an available tool for the gNB to control the UE PDCCH monitoring behavior [Samsung]
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Supported by: CMCC, ETRI, Huawei, Lenovo, NEC, Nokia, Qualcomm, TCL (prefer)
· Not Supported by: Samsung
· Increase number of CORESETs [Spreadtrum, Sharp]
· Adapt the valid resources for the CORESET in SBFD symbols/slots based on the DL/UL subbands configuration, and change the CCE-to-REG mapping for the CORESET accordingly [Huawei]
· Complicate operation on PDCCH mapping since REG/CCE mapping in SBFD slots would be changed based on the valid resources [CATT]
· High spec impact [Samsung]
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Supported by: Huawei, TCL
· Not Supported by: Samsung, Nokia
· Huge change to REG-CCE mapping [Spreadtrum]
· High implementation complexity [Sharp]
· PDCCH performance loss [CATT, Huawei, CMCC, Qualcomm, Nokia]
· Simpler for implementation [Huawei]
· High spec impact [Samsung]
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Supported by: Intel, Sharp, TCL
· Aligned with existing UE behaviour [Sharp]
· Many of the PDCCH candidates may not be valid when interleaving is enabled [CATT, Hauwei, CMCC, Qualcomm, Panasonic]
· Negative impact on UE power consumption [Qualcomm]
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
· Supported by: Panasonic, TCL
· Two search space sets associated with different CORESETs with same MOs can be configured. [Panasonic]
· Not Supported by: CATT, Nokia
· Unnecessary dropping of MO [Sharp]
· Severe impact on PDCCH capacity [Huawei, Qualcomm]
· Limited scheduling in SBFD symbols [Huawei, Qualcomm]
· No reason for a gNB to configure a search space that some monitoring occasions would be dropped [CATT]
· Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
· Supported by: TCL (prefer)
· Increase of search space configuration [Sharp]
· Option 5 is not clear [Spreadtrum, ZTE, Huawei, CATT, Panasonic]

In addition, LG proposed two additional options. Moderator thinks that the proposed options are covered by Option 1.
· Option 6: If the monitoring occasion of the search space includes SBFD symbols, the CORESET that overlaps with the DL subband should not be used for that monitoring occasion. To achieve this, for example, different CORESET associations can be assigned to the search space for SBFD symbols and non-SBFD symbols.
· Option 7: For the same CORESET, it is possible to exclude resources that overlap with non-DL subbands from the resources used for PDCCH transmission in SBFD symbols. To achieve this, it is possible to avoid selecting the REGs that contain non-DL subbands during CCE-to-REG mapping. Alternatively, when selecting the CCEs that make up each PDCCH candidate, CCEs that include non-DL subbands can be excluded.

Enhancements applicable to UE-specific SS:
· Supported by: NEC, Qualcomm, OPPO

3.1.2.5. Tx/Rx across SBFD and non-SBFD symbols within a slot
The following agreement was made in RAN1#112bis-e.
	Agreement
Study whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE, and whether a UE can transmit/receive in the occasion mapped to SBFD symbols and non-SBFD symbols including:
· Use-case(s) including the locations and number of switching points of the SBFD and non-SBFD symbols in the slot.
· Potential benefits if any
· Phase continuity
· Potential interruption of transmissions/receptions during transition
· Required guard time if any
· Potential impact on performance
· Impact on link adaptation, channel estimation, and other procedures
· UL transmission timing if any
· Implementation complexity
· Applicability for SBFD aware UE and non-SBFD aware UEs
· NOTE: There are more than one scenario where a transmission overlaps SBFD and non-SBFD symbols and some may or may not face the aspects listed above
· NOTE: This study doesn’t mean RAN1 agreement on a slot consisting of SBFD and non-SBFD symbols. 



· A physical channel/signal mapped to SBFD and non-SBFD symbols within a slot
· Supported by: CMCC, Sony, TCL, vivo (dynamic & semi-static if consistent configuration across SBFD and non-SBFD symbols can be guaranteed), ZTE (based on UE capability & base station capability), Huawei (PUSCH repetition type B) 
· For dynamic transmissions/receptions, gNB can ensure the transmission/reception parameters such as frequency domain resources, powers, spatial relation/QCL assumptions should be the same across SBFD symbols and non-SBFD symbols [vivo]
· For example, gNB doesn’t need to change the connection between Tx/Rx chain and panel groups between DL/UL and SBFD symbols if the SBFD antenna configuration Option-2 (Method 2-1) and SBFD antenna configuration Option-3 (Method 3-1) are implemented, which may not introduce the non-SBFD and SBFD switching time. From this perspective, it is also feasible for a UE transmitting or receiving in the occasion mapped to SBFD symbols and non-SBFD symbols in such SBFD antenna configuration and with other conditions, e.g., same resource allocation, transmission power and QCL configuration between non-SBFD and SBFD symbols. This non-restrictive mapping can give more flexible TDRA configuration and scheduling and better resource utilization. [CMCC]
· For Scenario 1, if the transmissions follow one configuration, e.g. gNB antenna panel and the  same power transmit loop, then there is no need for the UE and gNB to make any changes to that transmission when it crosses between SBFD and non-SBFD OFDM symbols. For Scenario 2, interruptions occur when the transmission collides with RBs of a different link direction or guardbands.  Such interruptions are similar to transmissions of Rel-16 PUSCH repetition Type B, where the PUSCH is segmented into multiple actual PUSCHs.  Hence, similar techniques can be applied for an interrupted transmission that crosses SBFD and non-SBFD OFDM symbols in a slot. [Sony]
· For full-slot scheduling without scheduling restriction [Nokia]
· Reduce the transmission latency, and improve the UL budget for PUSCH repetition [TCL]
· Allow uninterrupted transmission/reception during transitions between the SBFD and non-SBFD symbols. [TCL]
· Phase distortion can observed due to different BW in the symbols, which can be mitigated using equalization and phase correction techniques at the UE side. [TCL]
· Not supported by: Apple (PUSCH), CEWiT, Ericsson, Huawei (except PUSCH repetition type B), Intel, LG, OPPO, Pansonic, Qualcomm, Sharp, Spreadtrum, vivo (semi-static if consistent configuration across SBFD and non-SBFD symbols cannot be guaranteed), xiaomi
· Cornor case with a lot of potential problems, e.g. different TA in SBFD and non-SBFD region, DL-UL switching, enhancements for SBFD regions such as different frequency resource, time domain resource, power control, and spatial domain. [Spreadtrum]
· Trivial or no benefit and uncontrollable workload [xiaomi]
· Different channel conditions between SBFD and non-SBFD symbols so the channel in SBFD symbols (or non-SBFD symbols) cannot be estimated if DMRS are only located in non-SBFD symbols (or SBFD symbols) [Huawei]
· Phase continuity cannot be maintained [Huawei, Panasonic]
· Unlikely to guarantee signal continuity across hardware/operation changes during the transition between non-SBFD and SBFD symbols [Ericsson]
· Different MCS due to difference of the interference [Panasonic] 
· Different performance in different symbols which degrades the performance and complicates link adaptation and the overall transmission/reception procedure [Intel]
· UE is not able to maintain phase continuity if filtering adaptation is required in a gap duration between SBFD symbols and non-SBFD symbols [Sharp]
· UE may have to apply different transmission power to the same PUSCH on different symbols [Apple]
· Interruption of transmissions/receptions across SBFD and non-SBFD symbols [Huawei, Qualcomm]
· QCL assmptions do not keep across SBFD and non-SBFD symbols [Qualcomm]
· Dynamic channel/signal
· Avoided by gNB: Qualcomm, Intel
· Configured channel/signal
· UE discard: vivo, Qualcomm, Intel

3.1.2.6. Tx/Rx across SBFD and non-SBFD slots
	Agreement
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols)
· Study the following options for SBFD-aware UEs:
· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols include the following:
· PDSCH/PUSCH/PUCCH repetitions
· SPS PDSCH/CG PUSCH
· TBoMS
· Multi-PUSCH/PDSCH scheduled by a single DCI
· Periodic/semi-persistent SRS/CSI-RS/PUCCH
· PDCCH



The above two options were studied for transmissions and receptions across SBFD slots and non-SBFD slots and the following conclusion was agreed.
	Conclusion
For the two options agreed in RAN1#112 for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), the following observations are agreed.
· Option 1 can be achieved by gNB configuration or scheduling to ensure that all transmission/reception occasions are confined to either SBFD symbols or non-SBFD symbols. Alternatively, Option 1 can be achieved by additional indication or rules to determine the transmission/reception occasions are valid within one symbol type and are invalid within the other symbol type.
· The frequency resources, power control and beam/spatial relation for all the transmission/reception occasions can be the same for Option 1 but may be different for Option 2. If different, it may require additional specification efforts.
· Option 1 may or may not increase the transmission/reception latency if the transmission/reception in the other symbol type is postponed and may degrade the performance if the transmission/reception in the other symbol type is dropped. Option 2 may or may not reduce the transmission/reception latency and improve coverage.



· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Supported by: Ericsson (For DL signals/channels), OPPO (PUCCH/PUSCH/PDSCH repetitions), Samsung, xiaomi (SPS PDSCH, CG PUSCH, PUCCH&PUSCH&DG PDSCH w/o repetition)
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· Supported by: CEWiT, DOCOMO, Ericsson (For PUSCH/PUCCH repetition without joint channel estimation), KT, Nokia, OPPO (SPS PDSCH, CG PUSCH), Samsung, Sony, WILUS, xiaomi

Moderator thinks that no further discussion is needed during SI.

FDRA across SBFD and non-SBFD slots
The following agreement was agreed in RAN1#112bis-e.
	Agreement
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), if the transmissions/receptions can be in SBFD symbols and non-SBFD symbols with different available resources, study at least the following frequency resource allocation options for PDSCH, CSI-RS, PUSCH, PUCCH, SRS for SBFD-aware UE:
· Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 
· Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots
· Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 
· Option 1-3: single FDRA configuration/indication and RB offset(s)
· Option 2: Perform rate matching or puncturing on the RBs outside DL/UL subbands for DL/UL channels/signals. 
· Option 3: A DL/UL channel/signal overlapping with RBs outside DL/UL subbands in a SBFD slot is dropped or postponed.
Note: Different options can be studied for different signals/channels.



Ericsson proposed that further discussion on FDRA determination for signals/channels occurring in both SBFD and non-SBFD slots can be left to WI phase.
Other companies’ preferences are summarized below.
· Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 
· Supported by: vivo (PDSCH, CSI-RS, PUSCH, PUCCH, SRS), InterDigital, KT
· Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots
· Supported by: CEWiT, CMCC (configured transmission/reception), Nokia (CG-PUSCH, SPS PDSCH, SRS, PUCCH, PUSCH), Panasonic (configured UL), MediaTek (CG PUSCH), Spreadtrum, Intel (PUCCH, SRS), TCL
· DCI size increase [CMCC, CATT]
· Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 
· Supported by: CMCC (dynamic transmission/reception), Spreadtrum, Intel (PDSCH, PUSCH), TCL
· Option 1-3: single FDRA configuration/indication and RB offset(s)
· Supported by: InterDigital, Samsung (PUSCH, PUCCH)
· Option 2: Perform rate matching or puncturing on the RBs outside DL/UL subbands for DL/UL channels/signals. 
· Supported by: vivo (PDSCH, CSI-RS), Intel (PDSCH, PUSCH), WILUS (PDSCH)
· Option 3: A DL/UL channel/signal overlapping with RBs outside DL/UL subbands in a SBFD slot is dropped or postponed.
· Supported by: Nokia (SRS, PUCCH, PUSCH), Apple, vivo (PUSCH, PUCCH, SRS)

Moderator thinks that no further discussion is needed during SI.

Separate configurations/parameters
	
Agreement:
Study at least the followings for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots:
· Whether/how to have separate resources 
· Whether/how to have separate FH parameters
· Whether/how to have separate UL power control parameters 
· Whether/how to have separate beam/spatial relation 




For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots:
· Separate resources
· Supported by: CATT (SRS, PUCCH), OPPO, Intel (SRS), Qualcomm (SRS, PUCCH)
· Separate FH parameters
· Supported by: CATT, Huawei, LG, OPPO, MediaTek, WILUS, vivo, ZTE, Ericsson, TCL, Qualcomm, Samsung
· Separate UL power control parameters
· Supported by: CATT, LG, OPPO, Ericsson, CMCC, Intel, Samsung, TCL, Qualcomm
· Separate beam/spatial relation
· Supported by: CATT, LG, CMCC, Intel, Samsung, Qualcomm

UL power control
On whether to have separate UL power control parameters for SBFD slots and non-SBFD slots, ZTE thinks that independent power control should be used for UL transmission in the UL subband and in the UL BWP, respectively since UL transmission is subjected to interference of different intensities. However, shared power control should also be supported for both UL transmissions if the interference is within the control capability of the base station or within a controllable range. Therefore, ZTE proposed that for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, UL power control parameters can be shared or configured separately. 
Ericsson and Intel proposed to further study separate UL power control in SBFD vs. non-SBFD symbols. In addition, Ericsson proposed to study how to signal this to the UE, e.g., by different configured power control parameters and/or different TPC commands. TCL, OPPO, Samsung, CMCC and LG support separate UL power control parameters in SBFD and non-SBFD slots. In addition, Samsung supports separately configured maximum UE output power.

Beam/spatial relation
On whether to have separate beam/spatial relation for SBFD slots and non-SBFD slots, similar as UL power control, ZTE proposed that for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, beam/spatial relation can be shared or configured separately. Qualcomm proposed to study potential enhancement on beam configuration for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, e.g. different QCL type D for UL transmissions and DL receptions. Intel proposed to study separate beam/spatial relation for UL transmissions in SBFD and non-SBFD symbols. Samsung and LG support separate beam/spatial SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots. CMCC does not think it is so necessary to configure separate UL beam/spatial relation, since the difference between UL symbols and SBFD symbols is the available UL resource and the number of Rx elements. Although the Rx panels may be different between SBFD symbols and non-SBFD symbols, e.g., only half of the panels is used in SBFD symbols, the relative locations between gNB and UE are not changed and the same UL beam/spatial relation can be used for UE.

Similar as for UL, Qualcomm proposed to study the following for PDSCH and CSI-RS on SBFD symbols and non-SBFD symbols in different slots:
· Whether/how to have separate resources 
· Whether/how to have separate time and frequency resources within the resource
· Whether/how to have separate beams/TCI states 

3.1.3. [bookmark: _Ref111638606]UE collision handling
The following agreement was made in RAN1#110bis-e.
	Agreement
Identify if there are any cases of time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE 
· If there are, whether/how to avoid/handle such collision cases (as second step)



There are two types of collision between UL and DL for a SBFD aware UE as below.
· Type A: Collision between UL transmissions and DL receptions in the same SBFD symbol
· Type B: Collision between transmissions/receptions with transmission direction of subbands 

For Type A collision, the following cases are discussed by companies. 
1) Collision between dynamic UL transmissions and dynamic DL receptions
· Vivo, IDC, ZTE, xiaomi (w/ different priorities),  DOCOMO (w repetition), ITRI (with different priorities)
· Option 1: For same priority, UL transmission in UL subband is prioritized over DL reception in DL subband, and DL reception in UL subband is prioritized over UL transmission in UL subband; for different priorities, DL/UL transmission with higher priority is prioritized [ZTE]
· Option 2: based on rules [DOCOMO]
· Option 3: Consider configuration of physical channel priorities for handling the collisions in SBFD symbols [IDC]
· Error case: Spreadtrum, CATT, Intel, CMCC, DOCOMO (w/o repetition), WILUS
2) Collision between dynamic DL receptions and semi-statically configured UL transmissions 
· vivo, IDC, OPPO, CATT, NEC, ZTE, xiaomi, Intel, CMCC, ETRI, MTK, CEWiT, Apple, DOCOMO, Lenovo, ITRI, WILUS, Nokia
· Option 1: dynamic transmission/reception is prioritized over semi-static transmission/reception  [ZTE, Apple, CMCC, MTK, CEWiT]
3) Collision between dynamic UL transmissions and semi-statically configured DL receptions 
· vivo, IDC, OPPO, CATT, NEC, ZTE, xiaomi, Intel, CMCC, ETRI, MTK, CEWiT, Apple, DOCOMO, Lenovo, ITRI, WILUS
· Option 1: dynamic transmission/reception is prioritized over semi-static transmission/reception  [ZTE, Apple, CMCC, MTK, CEWiT]
4) Collision between semi-statically configured UL transmissions and semi-statically configured DL receptions 
· New H3C, vivo, ZTE, CMCC, CATT, Intel, DOCOMO, Nokia, Apple, QC, xiaomi, Lenovo, WILUS
· Option 1: Additional signalling is provided to indicate the transmission/reception direction [CMCC (explicit indication of link direction)]
· Option 2: For same priority, UL transmission in UL subband is prioritized over DL reception in DL subband, and DL reception in UL subband is prioritized over UL transmission in UL subband; for different priorities, DL/UL transmission with higher priority is prioritized [ZTE]
· Option 3: UL is prioritized [Apple]
· Option 4:Based on priority (support priority for DL) [Nokia]
· Option 5: based on rules [DOCOMO]

3.1.4. [bookmark: _Ref116046249]SBFD operation for initial access
It was agreed to study SBFD operation at least for RRC_CONNECTED state. 
CATT, Huawei, Intel, InterDigital, LG, MediaTek, Nokia, NEC, Qualcomm, Samsung, ZTE observed that SBFD operation for initial access may offer the following potential benefits:
· Increased RACH capacity 
· Reduced initial access latency 
· Improved UL coverage for Msg 3 and PRACH due to more UL resources 
· Avoid UL resource fragmentation
· Reduced CLI if PRACH resource is not used by UE 
Therefore, the above companies proposed to study potential enhancement of initial access enhancement for SBFD operation.
Vivo proposed to de-prioritize SBFD operation for RRC_IDLE and RRC_INACTIVE states based on the following:
· Requirements on performance improvement for RRC_IDLE and RRC_INACTIVE states are not so critical compared to that for RRC_CONNECTED state. Besides, handling of UE-to-UE CLI is more challenging for RRC_IDLE/INATCIVE UEs.
· Study on SBFD operation for RRC_IDLE and RRC_INACTIVE states requires lots of efforts and significant specification impact, and at least RAN2 should be involved.
Ericsson proposed that UEs in IDLE mode are not aware of whether or not symbols/slots are used for SBFD operation.
CMCC proposed that ROs for contention-free RACH can be configured in UL subband in SBFD symbols. ROs for contention-based RACH cannot be configured in UL subband in SBFD symbols because for contention-base RACH, due to the uncertainty of UE transmitting PRACH, it is hard or not possible for gNB to mitigate the inter-UE inter-subband CLI. But for contention-free RACH, the PRACH transmission is controlled by gNB and the inter-UE inter-subband CLI can be avoided and mitigated by gNB’s proper scheduling.
Fujitsu observed that due to the unexpected PRACH transmission from UEs, to allow the SBFD operation on UL subband will cause inter-subband CLI and accordingly degrade the overall system performance and proposed that SBFD operation for RRC_IDLE and RRC_INACTIVE state should not be supported due to severe cross link interference.

3.1.5. SBFD operation across carriers
It was agreed in RAN1#109-e to at least study SBFD operation within a TDD carrier. 
	Agreement
At least study SBFD operation within a TDD carrier


SBFD operation across carriers is considered by Huawei as illustrated below. Huawei thinks that SBFD operation across carriers require less specific standardization effort compared to the support of SBFD operation within a carrier and can be supported by enhancing the UE collision handling for intra intra-band TDD CA with different TDD configurations.
[image: ]
Figure 3‑4: SBFD operation across carriers [14]
Qualcomm observed that SBFD operation across multiple CCs requires UE supports of CA as prerequisite while CA framework has some inherent UE complexity and compared to single-CC SBFD, CA-based SBFD has some limitation where DL and UL BW is restricted to the component carrier bandwidth while the inter-channel guardband can’t be utilized. While it is considered that CA-based SBFD operation is interesting for e.g. FR 2-1, it is proposed that SBFD operation across multiple components is studied at later stage in Rel-18 after establishing the baseline study of SBFD operation within component carrier.
Intel proposed to not consider CA-based SBFD in Rel-18 SI due to the following reasons:
· the rule to determine a reference cell and the prioritization between reference cell and other cells when collision happens may not be sufficient for SBFD operation
· CA based SBFD operation suffers retransmission restriction in the same carrier
· repetition transmission across carriers is not supported
· CA is an optional UE feature
Xiaomi proposed that half duplex CA based SBFD operation is not supported in Rel-18 duplex enhancement.

3.1.6. SBFD operation in legacy UL sybmol
The following conclusion was made in RAN#96.
	Conclusion:
UL symbol as second priority is accepted, no intended suspension of continuation of work in WGs



Ericsson proposed to not support SBFD operation in symbols configured as 'U' by TDD-UL-DL-ConfigCommon with the following rationale:
· The premise for SBFD operation is that it enables improved UL coverage and/or latency by enabling more UL opportunities compared to the baseline time domain TDD pattern. Hence, it is not motivated to configure symbols configured as 'U' by TDD-UL-DL-ConfigCommon for SBFD operation, e.g., with frequency domain pattern U-D-U.
· SBFD operation in symbols configured as 'U' by TDD-UL-DL-ConfigCommon can create strong gNB-gNB cross-link interference to a legacy (static TDD) gNB configured with the same baseline time domain TDD pattern, hence such a configuration should be avoided.
Qualcomm observed that SBFD operation at legacy UL slot is beneficial in multiple deployment scenarios, e.g., greenfield deployment and UL heavy deployment (InH/InF) to reduce DL blockage and improve DL coverage.
Xiaomi proposed that for subband non-overlapping full duplex, it cannot be applied to UL symbols.

3.2. [Closed] 1st round discussion
Proposal 1-1
Proposed Conclusion:
In order to avoid frequent switching between SBFD and non-SBFD symbols, potential limitation on the maximum number of switching points between SBFD and non-SBFD symbols can be considered from SBFD subband configuration perspective. Maximum of two switching points including one switching point from non-SBFD symbols to SBFD symbols and one switching point from SBFD symbols to non-SBFD symbols within a TDD UL/DL pattern period can be considered as a starting point where the switching point can be aligned with slot boundary or within a slot.
A guard period between SBFD and non-SBFD symbols may or may not be required at gNB and/or UE side depending on whether gNB needs to change connections between Tx/Rx chains and panel groups, whether gNB/UE need to adapt or tune the filters, whether UL timing is the same or different in SBFD and non-SBFD symbols and/or whether guard period needs to be reserved in UL subband to avoid interference between different UEs for switching from full DL symbols to a SBFD symbol etc.

	
	Company

	Support
	DOCOMO, NEC, QC, TCL

	Not support
	



	Company
	Comments

	Moderator
	The proposal intends to conclude the two FFS in the conclusion we made in the last meeting. Regarding the limit of maximum number of switching points between SBFD and non-SBFD symbols, moderator thinks that maximum of two switching points within a TDD UL/DL pattern period can cover the typical scenarios companies have in mind so it is proposed to be considered as a starting point.
Companies are encouraged to provide detailed suggestions to the proposal if any.

	New H3C
	In our understanding, switching point should be considered from UE perspective because full duplex of gNB is assumed

	IDC
	OK in principle, to be captured as an observation from the study into the TR. Further details can be continued for discussions in the WI phase.

	Spreadtrum
	We suggest to only agree on one switching point from SBFD symbols to non-SBFD symbols, and left one switching point from non-SBFD symbols to SBFD symbols open.
Because form SBFD to non-SBFD is required by the TDD UL/DL configuration, which can only lead to one switching point in a slot by tdd-UL-DL-ConfigurationDedicated, such as DL-F-UL, or F-UL, or DL-F patterns. Among these three patterns, only DL-F-UL and F-UL would cause a switching point between SBFD and non-SBFD symbols, since UL symbol cannot be SBFD symbol in Rel-18. But the switching point of non-SBFD to SBFD is would require additional symbol level SBFD configurations, which is not discussed yet. 

	Sony
	Switching is more of an issue at the UE rather than gNB.  The number of switching points should be up to gNB implementation but we can say UE doesn’t expect more than X points.

	TCL
	Generllay support the proposal. Regarding the guard period between SBFD and non-SBFD, in our view the guard period may be required only on gNB side. Since the UE transmit/receive either DL or UL at a single time period and it may not require guard period between SBFD and non-SBFD symbols.

	Xiaomi
	OK in principle. One clarification on the first paragragh: 1) it is propose that maximum number of switching point between SBFD symbol and non-SBFD symbol is 2, it should covers the case that there is no switching point in-between. For example, the UL subband is configured to be adjacent to UL symbol. In this case, the flexible symbols configured by TDD configuration can be play the role of switching point. 2) from our understanding, a SBFD aware UE can be scheduled/configurd to either receive DL or transmit UL on SBFD symbols. Does this conclusion implies that SBFD aware UE can only transmit UL on SBFD symbols? 


	Moderator
	Based on the offline discussions, the proposal is updated as below.
Proposed Conclusion:
At least for semi-static SBFD, in order to avoid frequent switching between SBFD and non-SBFD symbols, potential limitation on the maximum number of switching transition points between SBFD and non-SBFD symbols can be considered from SBFD subband configuration perspective. Maximum of two switching transition points including one switching transition point from non-SBFD symbols to SBFD symbols and one switching transition point from SBFD symbols to non-SBFD symbols within a TDD UL/DL pattern period can be considered as a starting point where the switching transition point can be aligned with slot boundary or within a slot.
A guard period between SBFD and non-SBFD symbols may or may not be required at gNB and/or UE side depending on whether gNB needs to change connections between Tx/Rx chains and panel groups, whether gNB/UE need to adapt or tune the filters, whether UL timing is the same or different in SBFD and non-SBFD symbols and/or whether or not guard period needs to be reserved in UL subband to avoid interference between different UEs for switching from full DL symbols to a SBFD symbol etc.


	LG
	Generally OK with the proposal.
We understand this proposal is targeting a switching point in terms of a semi-static SBFD symbol configuration. Additional switching for Dynamic SBFD operation needs to be discussed independently.

	Lenovo
	Generally OK in principle. 


	Ericsson 
	Support moderator’s update

	OPPO
	We are fine with the intention/direction of the conclusion. But it is a bit unclear to us why the presence of guard period in time domain should be made related to “whether UL timing is the same or different in SBFD and non-SBFD symbols”, which seems to say the guard period is designed between UL and UL that are even with the same SCS and the same central frequency, instead of between UL and DL.

	Fujitsu
	We have one clarification question about the phrase “… within a TDD UL/DL pattern period”. If two TDD UL/DL pattern periods are configured, how many transition points do we have (i.e., 2 for each period or 2 for P+P2 = 20msec)?



Proposal 1-2 
Proposed Conclusion:
For dynamic SBFD in indoor scenario, the followings are observed based on four companies’ simulation results for FR1 InH scenario:
· Compared with semi-static SBFD, three companies show that dynamic SFBD has performance gain in DL and performance loss in UL and one company shows that dynamic SFBD has performance gain in both DL and UL.
· Compared with dynamic TDD, two companies show that dynamic SFBD has performance loss or similar performance in both DL and UL and one company shows that dynamic SFBD has performance gain in DL and similar performance or little gain in UL.

	
	Company

	Support
	TCL

	Not support
	



	Company
	Comments

	Moderator
	It is a tentative proposal to draw some observations on performance evaluation of dynamic SBFD based on results provided by CATT, Ericsson, LG and vivo.
Companies are encouraged to provide detailed suggestions to the proposal if any.

	New H3C
	For performance evaluation, it is better to leave it to AI 9.3.1 for further discussion

	NEC
	We are okay to discuss this proposal within 9.3.2. It would be better to clarify what is the performance parameter (i.e., coverage or latency or throughput) being discussed here for dynamic SBFD.

	Sony
	The simulation results seem inconclusive but fine with putting it into the TR as observations. 

	QC
	It is good to cite the company’s contribution numbers at this point and maybe add a table with observed gain/loss and key assumptions. Would the focus be on InH and no planned conclusion for UMa (Case 1)? There is a typ, SFBD  SBFD.

	LG
	We think it should be noted in the observation that the results didn’t consider inter-channel coexistence with legacy TDD carriers since main motivation of SBFD is to protect both SBFD carrier and legacy TDD carrier from inter-channel CLI, which aspect has not been shown by those results. In addition, “SFBD” should be changed to “SBFD” in some places of the text.

	Nokia, NSB
	It is good to at least important simulation assumption together in the observation, as they may impact a lot for the performance of both SBFD and semi-static/dynamic TDD.

	
	




Proposal 1-3
Proposed Conclusion:
At least the following options can be considered to support dynamic SBFD, if agreed.
· Option 1: Dynamic SBFD is achieved by scheduling DCI which is used to indicate whether the RBs in flexible subband are used for UL transmission or DL transmission. 
· FFS definition of flexible subband, e.g. flexible subband is defined as 1 RB or a set of consecutive flexible RBs, which can be used for UL transmission, DL transmission, and guard band 
· FFS benefit of introducing flexible subband in addition to UL/DL subbands
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine whether DL receptions outside semi-statically configured DL subband and/or UL transmission outside semi-statically configured UL subband are allowed.
· Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.
Note: whether or not dynamic SBFD is beneficial from a performance perspective is a separate discussion

	
	Company

	Support
	New H3C, IDC, DOCOMO, Sony, Panasonic, TCL, xiaomi, Nokia, NSB, WILUS

	Not support
	



	Company
	Comments

	Moderator
	The options are the same as the proposal in the last meeting. The intention of the proposal is to list the candidate options to conclude the study in SI.

	IDC
	Support all 3 options on the table to be discussed further in WI phase.

	Spreadtrum
	For clarification, how can the scheduling DCI methods (Option 1 and Option 2) work, considering they have impacts on the SBFD information of other UE. Because only the target UE is aware of this override command and disable SBFD operation in the corresponds regions, however the other UEs do not known this conversion, they still try to transmit UL which is configured by higher layer signalling in the UL/flexible subband. This unwanted UL will be serious interference for the UE which receive the DL. Similarly, the RBs outside UL subband used as UL would have the same interference issue for gNB. Clearly, the dynamic scheduling based methods cannot work for SBFD operation in flexible symbols.

	NEC
	We are okay to discuss Option-2 and 3 further, but Option-1 still is not acceptable to us. We cannot conclude that dynamic SBFD can be supported using flexible subband as an option before first agreeing on the definition of flexible subband. The natural course of the discussion should be to first agree on the terminology of flexible subband and then decide whether dynamic SBFD can be supported or not on flexible subbands.

	Sony
	Both Option 2 and Option 3 can be implemented as it is similar mechanism as legacy TDD slot format configuration. 

	QC
	There is one missing option that we brough up in our contribution and also last meeting discussion based on MAC-CE. If the intenion to include the candidate solutions brought up by comapnis, then option-4 based on MAC-CE should be additionally included. 
Also, good to clarify option-3 whether it is mainly for GC-DCI (e.g. SFI) or additionally including unicast non-scheduling DCI. If the later is intended as well, it may be good to spill it out in the text body. 

	Xiaomi
	Our preference is option 2 and option 3. However, we are fine with keeping option 1 in the list and further discuss in WI phase.

	LG
	We are ok with the proposal, but prefer to keep Option 2 and 3 only.

	Lenovo
	Dynamic SBFD should also include dynamic bandwidth adaptation of a SBFD UL subband in addition to studying whether a symbol is SBFD or not. This UL subband bandwidth adaptation is also implicitly included in option 1 and option 2. Thus, we propose to modify option 3 as
Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not and/or UL subband bandwidth

	OPPO
	For Option 1, we prefer RAN1 to discuss the definition of flexible subband first. Given this is the second from the last meeting for Duplex SI, we do not prefer to agree something that does even have a definition.  
Option 2 talks about something that can be used to “determine …whether UL transmission outside semi-statically configured UL subband are allowed”. But RAN1 already agreed that, at least in DL symbols configured by TDD-common, UL transmission outside UL subband is NOT allowed. So the relationship between the Option 2 in proposal and the earlier RAN1 agreement should be clarified. 
For Option 3, when saying “ indicates whether a symbol is SBFD symbol or not”, does it mean the non-scheduling DCI can create a SBFD symbol as well as removing SBFD label from a SBFD symbol?    

	Fujitsu
	We prefer to discuss option 2 and option 3. We are also unclear the definition of Flexible subband. It might be better to have another discussion about the flexible subband other than this proposal.

	Nokia, NSB
	Our preference is for Option 3. We are OK with capturing the other proposals in the TR. 

	WILUS
	We are fine to capture all three options in TR. Agree with Qualcomm that some clarifications on non-scheduling DCI are needed. SFI can be a starting point.
·  Option 3: Dynamic SBFD is achieved by non-scheduling DCI (e.g., SFI) which indicates whether a symbol is SBFD symbol or not.




Proposal 1-4 
Version 1:
Proposed Conclusion:
An UL subband can be configured in an SSB symbol.
If SBFD-aware UE cannot transmit in the SSB symbol but can only receive within the entire DL BWP in the SSB symbol, negative impact on SSB detection and measurement due to UE-to-UE CLI can be avoided but SBFD performance may be degraded due to less number of symbols for SBFD and there may be more switching points between SBFD and non-SBFD symbols compared with the case that SBFD-aware UE can transmit in the SSB symbol.
If SBFD-aware UE can transmit in the SSB symbol, the UE may only transmit UL in the UL subband in a subset of SSB symbols configured with UL subband under gNB scheduling and/or configuration.

Version 2:
Proposed Conclusion:
For the two options agreed to be studied for SBFD operation in SSB symbols, the following observations are agreed.
· Option 1 may require a longer semi-static SBFD subband time location periodicity or separate SBFD subband time location configurations in different semi-static SBFD subband time location periodicities with and without SSB symbols, which would increase signalling overhead.
· Compared with Option 2 in case SBFD-aware UE can transmit UL in the UL subband, Option 1 and Option 2 in case SBFD-aware UE cannot transmit in the SSB symbol but can only receive within the entire DL BWP in the SSB symbol can avoid negative impact on SSB detection and measurement due to UE-to-UE CLI but may degrade the SBFD performance due to less number of symbols for SBFD operation and may result in more switching points between SBFD and non-SBFD symbols.
· For Option 2 in case SBFD-aware UE can transmit UL in the UL subband, UE may only transmit UL in the UL subband in a subset of SSB symbols configured with UL subband under gNB scheduling and/or configuration.

	
	
	Company

	Version 1
	Support/
can live with it
	New H3C, IDC, DOCOMO, ITRI, Spreadtrum, NEC, QC, Panasonic, xiaomi, LG, Lenovo, Ericsson, Fujitsu, WILUS

	
	Not support
	Sony, Nokia, NSB

	Version 2
	Support/
can live with it
	DOCOMO, QC, OPPO, Nokia, NSB (with update)

	
	Not support
	Sony




	Company
	Comments

	Moderator
	The difference between the two versions is that version 1 support Option 2 directly while version 2 does not preclude any option.

	Spreadtrum
	Fine with support Option 2 derectly. 

	Sony
	Don’t agree that preventing UL transmission in SSB symbol is the ONLY way to mitigate CLI.  We proposed to increase frequency separation by banning some RBs in the UL subband which would reduce CLI if it is an issue as shown in Figure below:
[image: ]


	QC
	On version 1, few editorial comments:
a) “negative impact on SSB detection and measurement due to UE-to-UE CLI can be avoided”  SSB detection and measurement is protected against inter-UE CLI.
b) “SBFD performance may be degraded”. We should clarify degraded as compared to what (eg. When UL transmission is allowed ).
c) “there may be more switching points between SBFD and non-SBFD symbols compared with the case that SBFD-aware UE can transmit in the SSB symbol”.  The switching will be related to gNB antenna configuration. 
Maybe, we could use V2 as baseline as it captures the pros/cons for both options unless RAN1 can make agreement that UL-SB can be configured in SSB symbols.  Option 2 in last meeting agreeemet which is captured by version #1 is more flexible and include the functionaliy of option 1. Finally,  on last subbelt, “under gNB scheduling and/or configuration’, prefer to reword and include priority rules ,eg. .” under gNB scheduling , configuration or priority rule”.



	Xiaomi
	Option 2 is too weak compared with option 1. For option 1, we are not clear about ‘he UE may only transmit UL in the UL subband in a subset of SSB symbols’, clarification is needed.

	LG
	In our view, the negative impact of 'SBFD-aware UE can transmit in the SSB symbol' in the 3rd bullet of Version 1 needs to be captured as well. 
Therefore, it should be included that it may cause problems with SSB detection and measurement in UE perspective, because it generates CLI in the SSB symbol and reduces the opportunity of receiving SSB from the UE.

	Ericsson
	We prefer Version 1
We suggest some editorial changes for clarity:
· Change can/cannot to allowed/not allowed
· Not clear why “entire” is needed in front of “DL BWP part”
· The wording “subset of SSB symbols” is unclear. Suggest simplifying to “transmit UL in an UL subband” rather than “transmit UL in the UL subband in a subset of SSB symbols configured with UL subband”

For the wording in Version 2

Version 1:
Proposed Conclusion:
An UL subband can be configured in an SSB symbol.
If SBFD-aware UE cannot is not allowed to transmit in the SSB symbol but can is allowed to only receive within the entire DL BWP in the SSB symbol, negative impact on SSB detection and measurement due to UE-to-UE CLI can be avoided but SBFD performance may be degraded due to less number of symbols for SBFDfewer UL opportunities and there may be more switching points between SBFD and non-SBFD symbols compared with the case that SBFD-aware UE can is allowed to transmit in the SSB symbol.
If SBFD-aware UE can is allowed to transmit in the SSB symbol, the UE may only transmit UL in the an UL subband in a subset of SSB symbols configured with UL subband under depending on gNB scheduling and/or configuration.

Version 2:
Proposed Conclusion:
For the two options agreed to be studied for SBFD operation in SSB symbols, the following observations are agreed.
· Option 1 may require a longer semi-static SBFD subband time location periodicity or separate SBFD subband time location configurations in different semi-static SBFD subband time location periodicities with and without SSB symbols, which would increase signalling overhead.
· Compared with Option 2 in case SBFD-aware UE can is allowed to transmit UL in the UL subband, Option 1 and Option 2 in case SBFD-aware UE cannot is not allowed to transmit in the SSB symbol but can only receive within the entire DL BWP in the SSB symbol can avoid negative impact on SSB detection and measurement due to UE-to-UE CLI but may degrade the SBFD performance due to less number of symbols for SBFD operation and may result in more switching points between SBFD and non-SBFD symbols.	Comment by Stephen Grant: This wording is very hard to understand


	OPPO
	In Version 1, when it says “If SBFD-aware UE can/cannot transmit in the SSB symbol ”, it means “per specification”, correct? 
In addition, it is already clarified in P1-1 that the switching point counting is from configuration perspective, not from UE runtime operation perspective. So as long as SSB symbol is configured as SBFD symbol, there is no impact to switching point counting if UE can only receive in this SSB/SBFD symbol, i.e., SBFD->SSB->SBFD does not increase number of switching points.  

	Fujitsu
	We think that 2nd paragraph “If SBFD-aware UE … under gNB scheduling and/or configuration.” needs more clarification of why we need to configure subset of SSB symbols by adding the sentence “to make protected SSB symbols, where UE can detect SSB without CLI.”

	Nokia, NSB
	Our preference is Version 2 which highlights the advantages/ disadvantages of each option. For the first bullet of version 2, on Option 1, our view is that it does not necessarily increase the signalling overhead. The SBFD configuration might be invalid, and in that case, there is no increase in the signalling overhead. So we prefer to change “which would increase signlalling overhead” to “which may or may not increase the signalling overhead”.


	WILUS
	We are generally fine with the proposal. Terminology of “a subset of” can be removed to avoid different understanding among companies.



Proposal 1-5
Version 1:
Proposed Agreement:
For a PRG that overlaps with subband boundary, the part of DL PRG inside the DL subband can be used.

Version 2:
Proposed 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. 
From UE perspective, UE may need to be able to handle up to four partial PRGs within a DL BWP.
· Existing UEs support up to two partial PRGs within a DL BWP without UE capability signalling.

	
	
	Company

	Version 1
	Support/
can live with it
	New H3C, IDC, DOCOMO, NEC, Sony, TCL, xiaomi, LG, Lenovo, Ericsson, Nokia, NSB

	
	Not support
	QC

	Version 2
	Support/
can live with it
	QC (w/ edits), OPPO

	
	Not support
	



	Company
	Comments

	Moderator
	The difference between the two versions is that version 1 supports partial PRG at DL subband boundaries explicitly while version 2 just provides some observations.

	QC
	Partial PRGs will have worse CE as compared to full-size PRG. Suggest rewording V2 as follow:

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 may be achieved, however, degraded channel estimation quality in the partial PRG is expected due to limited RBs in the partial PRG.  
· From UE perspective, compared to existing UEs implementation which support up to two partial PRGs within a DL BWP without UE capability signalling, UE complexity is increased as UE need to handle up to four partial PRGs within a DL BWP. 


	Xiaomi
	Prefer option 1 as option 2 is too weak.

	Ericsson
	Prefer Option 1.

Regarding QC’s edits to Version 2, partial PRGs are already supported, hence the channel estimation issue already exists in current specs, yet this is still a mandatory capability. 

	OPPO
	Observation is enough for SI stage.

	
	

	
	

	
	



Proposal 1-6 
Version 1:
Proposed Agreement:
If PRG is determined as wideband, non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated.

Version 2:
Proposed Conclusion:
If PRG is determined as wideband, better scheduling flexibility and higher 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. 
It is expected that UE is able to handle non-contiguous resource allocation with wideband precoding since UE is able to handle non-contiguous resource allocation with precoding granularity of 2 or 4, and the total channel bandwidth of two DL subbands is less than the channel bandwidth of the DL BWP.

	
	
	Company

	Version 1
	Support/
can live with it
	New H3C, IDC, DOCOMO, NEC, Sony, Panasonic, LG, Lenovo, OPPO, Nokia, NSB

	
	Not support
	QC

	Version 2
	Support/
can live with it
	DOCOMO, Sony, QC (w/ edits)

	
	Not support
	



	Company
	Comments

	Moderator
	Version 1 supports Option 1 in previous agreement. Version 2 just provides some observations.

	QC
	We are not okay to relax existing specification and allow wideband across non-contigous PRBs. The main reason this restriction was added it to improve CE quality and enable wideband channel estimation across the contiguous PRBs. 

In addition, we would like to ask proponent of wideband across the two DL subbands to provide use-case where wideband precoding is needed with large # allocated PRBs. 

Version 2 missed capturing our input on UE increased complexity due to doubling the complexity of HW/SW for two wideband CEs across the two DL subbands as compared to existing implementation.  We disagree on the second bullet that compares narrow-band to wide-band allocation.  

PRG is determined as wideband, better scheduling flexibility and higher 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. 
It is expected that UE complexity is increased as UE needs to handle two non-contigous segments of contiogous RBs that require doubling the channel estimation functionality as compared to current UE implementation. 
It is expected that UE is able to handle non-contiguous resource allocation with wideband precoding since UE is able to handle non-contiguous resource allocation with precoding granularity of 2 or 4, and the total channel bandwidth of two DL subbands is less than the channel bandwidth of the DL BWP.



	Xaomi
	We don’t see the necessity to enhance wideband PRG, the current specification works very well. Scheduling flexibility is not a problem as gNB can schedule a UE with wideband PRG on a DL symbol if necessary. gNB can certainly allocate non-contiguous resources for DL transmission across two DL subbands with narrowband PRG. Performance is not a problem as we have abundant tools to guarantee PDSCH performance.

	Ericsson
	We support Version 1

We don’t agree with Qualcomm’s assertion that the channel estimator complexity is doubled virtue of having 2 DL subbands. We think the CE complexity budget would be based on PRG size 2/4 which can handle non-contiguous allocations. Also the total bandwidth of two DL subbands is significantly less than the whole carrier for which the complexity budget must be dimensioned.  

Suggested edit of Version 1:

If PRG is determined as wideband, non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated.
The UE assumes at least the same precoding across all allocated RBs within a DL subband. 

	
	

	
	

	
	

	
	



Proposal 1-7 
Proposed Agreement:
If PRG is determined as wideband and non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband are allocated, SBFD-aware UE assumes same precoding and same QCL/TCI assumption within each DL subband and makes no assumption about precoding across two DL subbands.

	
	Company

	Support
	New H3C, DOCOMO, NEC, Panasonic, LG, Lenovo, Ericsson, OPPO, Fujitsu, Nokia, NSB

	Not support
	



	Company
	Comments

	Moderator
	It is assumed that it should be common understanding that same precoding is assumed within each DL subband. For the assumptions across two DL subbands, it is proposed that UE makes no assumption which means that UE cannot assume same precoding across two DL subbands. It is expected to be acceptable since it seems no company think joint channel estimation across two DL subbands is expected to be performed.

	IDC
	OK in principle, but the latter part seems a bit premature as it may be better to be up to the UE implementation, e.g., depending on the distance between the two DL subbands, etc.

	Sony
	Have we ruled out UE assuming same precoding in both DL subbands already?  If that is the majority view then we are fine with the proposal.

	QC
	We should discuss this after settling down on Proposal 1-6.

	xiaomi
	As commented on the previous proposal, we don’t see strong motivation to ehance wideband PRG.

	OPPO
	Maybe “makes no assumption about precoding across two DL subbands” can be clarified as “makes no assumption about of same precoding across two DL subbands”

	Fujitsu
	Agree with proposal. If we want to apply different preconding to each DL subbands, subband type precoding seems appropriate.

	
	




Proposal 1-8 
Proposed Conclusion:
For the case that: 
(c) The monitoring periodicity of a search space is such that different monitoring occasions in different slots occur in SBFD and non-SBFD symbols, respectively, and,
(d) The associated CORESET overlaps the boundary of a DL subband in SBFD symbols
The existing specifications provide at least the following CORESET and search space configuration to avoid the case including:
· The periodicity, offset, and duration of a search space are configured such that MOs of the search space occur in either SBFD slots or non-SBFD slots; 
· The associated CORESET is configured such that it does not overlap the boundary of a DL subband in SBFD symbols.
· PDCCH skipping and SSSG switching can be used to avoid the case.
For the options agreed to be studied for potential enhancement, Option 5 is not considered.

	
	Company

	Support
	New H3C, DOCOMO, NEC, QC, TCL, xiaomi,

	Not support
	



	Company
	Comments

	Moderator
	Based on companies’ inputs, serveral companies think Option 5 is not clear and/or cannot resolve the issue. So it is proposed to exclude Option 5.
The intention of the proposal is to conclude the study in SI and whether/which option for PDCCH enhancements is adopted is to be discussed in normative phase.

	Spreadtrum
	We support the proposal, except the last sub-bullet of PDCCH skipping and SSSG swiching.
· Because PDCCH skipping is not monitoring PDCCH in Type 3 CSS and USS at all, it does not help to solve the CORESET overlapping with subband boundary.
· SSSG switching needs extra switching time about 2ms, which is not very practical for frequently SBFD and non-SBFD swithing, such as slot based.

	NEC
	We agree with the intention that in many scenarios it would be possible to handle the cases by network configuration of CORESET/search space. However, it should be noted that reliance on only network configuration for addressing this issue would result in sub-optimal configuration of CORESET/search space. For instance, configuring CORESET frequency resources only within the DL subband implies that we are fully utilizing the BWP resources during DL-only symbols and hence the capacity of PDCCH is expected to suffer. Similarly, by restricting search space occasions to only be restricted to SBFD or non-SBFD would again result in PDCCH capacity loss unless we define mechanism for larger number of search spaces configured to UE to meet the same PDCCH capacity as for the case of a non-SBFD cell. Hence, additional note should be added above:
The existing specifications provide at least the following CORESET and search space configuration to avoid the case including:
· The periodicity, offset, and duration of a search space are configured such that MOs of the search space occur in either SBFD slots or non-SBFD slots; 
· The associated CORESET is configured such that it does not overlap the boundary of a DL subband in SBFD symbols.
· PDCCH skipping and SSSG switching can be used to avoid the case.
· Note that such network scheduling may reduce PDCCH capacity of the cell as compared to the enhancements being considered.
For the options agreed to be studied for potential enhancement, Option 5 is not considered.


	Sony
	I think we should also say the drawbacks using just the legacy mechanisms, e.g. limitation on the number of CORESETs a UE can monitor and a reduction in CORESET resources if the CORESET overlapping a {DUD} SBFD symbols excludes the UL subband since the legacy configuration offers only 45 bits bitmap and if bits need to be excluded for UL subband then there are less bits left for the CORESET.

	QC
	Any plans for the conclusion to include the pros/cons of the four options ?

	Panasonic
	We share Spreadtrum's view. We are also not sure whether PDCCH skipping and SSSG can be effectively used to differentiate monitoring occasions/resources between SBFD symbols and non-SBFD symbols.

	TCL
	We generally support this proposal, but precluding option 5 may restrict CORESET configuration to only SBFD symbols or non-SBFD symbols. The current specification supports CORESET configuration in non-contiguous frequency resources, as well as several numbers of CORESETs and several numbers of SS. Therefore, in our view, option 5 should not be precluded.

	xiaomi
	As commented on the previous proposal, we don’t see strong motivation to ehance wideband PRG.

	Nokia, NSB
	In general, we agree with the proposal. However, we have a similar view as Sony. There are drawbacks in using the legacy mechanisms and it should be clear in the conclusion. 



Proposal 1-9
Version 1:
Proposed Agreement:
SBFD aware UE does not expect to be dynamically scheduled with a physical channel/signal without repetition that is mapped to SBFD and non-SBFD symbols within a slot.
UE drops a physical channel/signal configured by higher layer or scheduled with repetition that is mapped to SBFD and non-SBFD symbols within a slot.

Version 2:
Proposed Conclusion:
UE does not transmit/receive in an occasion mapped to SBFD symbols and non-SBFD symbols at least if phase continuity cannot be maintained across SBFD and non-SBFD symbols, there is interruption during transition, and/or different transmission/reception parameters are applied in SBFD and non-SBFD symbols.

	
	
	Company

	Version 1
	Support/
can live with it
	DOCOMO, Spreadtrum, NEC, QC, Panasonic, xiaomi, LG, Ericsson (1st bullet with clarification), OPPO (need clarification)

	
	Not support
	Sony, TCL, Nokia, NSB

	Version 2
	Support/
can live with it
	New H3C, IDC, Sony, Lenovo

	
	Not support
	QC, TCL, Ericsson, Nokia, NSB




	Company
	Comments

	Moderator
	Verison 1 precludes the possibility to transmit/receive in a Tx/Rx occasion mapped to different symbol types without condition while version 2 provides some conditions to disallow such transmission/reception.
If we go with version 2, companies are encouraged to provide detailed suggestions on the conditions.

	Sony
	We think it is not an sisue if there are interruptions on the transmission since such interruptions already exists in PUSCH Repetition Type B and solution already exists to address such interruptions.

	QC
	Baseline should follow version 1. 

	TCL
	Both versions of this proposal restrict the transmission/reception occasion of a physical channel/signal mapped to SBFD and non-SBFD symbols within a slot for a UE. In our view, mapping a channel/signal to only SBFD or only non-SBFD symbols restricts the scheduling flexibility of the gNB, and it may force a UE to transmit or receive only in SBFD or only non-SBFD symbols. In addition, restricting the mapping of a channel/signal to only SBFD and non-SBFD symbols may degrade the UL coverage, which goes against the objectives of SID. Therefore we do not support this

	Ericsson
	We support the 1st bullet of Version 1 with a clarification. We think the 2nd bullet is a work item detail. With think that “without repetition” should be removed, since the proposal would hold also for “with repetition.”

Version 1a:
SBFD aware UE does not expect to be dynamically scheduled with a physical channel/signal that is mapped to SBFD and non-SBFD symbols within a slot.


	OPPO
	In version 1, does UE drop just one of repetitions where the repetition involves both symbol types or UE drops all repetitions even if just one repetition involves both symbol types? 
For version 2, is it a correct understanding that some of the conditions after “at least if” may leave different understanding between gNB and UE? For example, the phase discontinuation may happen on one peer due to antenna switching, which may be transparent to the other peer.     

	Fujitsu
	We should clarify the situation that phase continuity is maintained across SBFD and non SBFD slots. One of the situation that phase continuity is maintained between SBFD and non-SBFD symbols is that antenna panels are configured so as not to switch DL to UL or UL to DL at boundaries between SBFD and non-SBFD symbols, and no analog filters are equipped for reduction of inter-subband CLI.

	Nokia, NSB
	We do not support any version of this proposal. If mapping the transmissions across SBFD/ non-SBFD symbols is not supported, then the flexibitlity of scheduling will be impacted and some transmission with repetition may not be supported, where the gain of SBFD on latency/coverage may be reduced significantly and impact on utilization of SBFD from network side. We think that the transmissions to be mapped to SBFD and non-SBFD symbols in one slot should be supported while how to do can be studied. 




Proposal 1-10 
Proposed Conclusion:
For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, it can be beneficial to have separate resources, FH parameters, UL power control parameters and beam/spatial relation.

	
	Company

	Support
	New H3C, IDC, DOCOMO, NEC, Sony, QC, Panasonic, TCL, xiaomi, LG, Lenovo, OPPO, Nokia, NSB (with changes)

	Not support
	Spreadtrum



	Company
	Comments

	Spreadtrum
	Beside FDRA, we have not study the time domain, FH, PC and beam enhancement for SBFD and non-SBFD symbols. Don’t know why and how it can be beneficial for above conclusion. So if it wants to conclude with Option 1 according to the three options of FDRA agreement of last meeting, we suggest the following change.
Proposed Conclusion:
For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, it can be beneficial to have separate frequency resources, FH parameters, UL power control parameters and beam/spatial relation.


	QC
	We are okay as starting point. At a later stage, RAN1 should consider ROs collision handling if adopted by RAN1.  Following current spec, Case 1 should be error case and avoided by gNB and Case 3 , dynamic should be pritotirzed of semi-static. 

	LG
	One possible way to determine the frequency resource of UL transmission is to determine the frequency resource in SBFD symbol by rate-matching around the non-UL subband based on the frequency resource allocation for non-SBFD symbol. 
We would like to clarify that this way is also included in the ‘separate resources’ in the proposal. 

	Ericsson 
	Support Proposal 1-10

The motivation and for separate beam/spatial relation is unclear? Is the intention to now have a per subband spatial relation definition? Seems like a rather large change to beam management. Moreover, it is too early to conclude that this is beneficial

Suggest removing “beam/spatial relation”


	Nokia, NSB
	In general we support the conclusion, but we would like to add that the configurations can be related. So we propose the following change: 
For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, it can be beneficial to have separate, or related resources, FH parameters, UL power control parameters and beam/spatial relation.


	WILUS
	We are fine with the proposal in general. “Separate” should be not be confined to signaling perspective. We propose to add a note as following:
Note: For a SBFD aware UE, separate resources, FH parameters, UL power control parameters and beam/spatial relation can be determined with or without separate signaling on SBFD and non-SBFD symbols in different slots.

	
	

	
	

	
	



Proposal 1-11 
Proposed Conclusion:
At least the following cases of time domain conflict of UE’s UL transmission and DL reception in the same SSB symbol for SBFD aware UE are idenfitied:
· Case 1: Dynamically scheduled UL transmission in UL subband and dynamically scheduled DL reception in DL subband(s) in the same SBFD symbol
· Case 2: Configured UL transmission in UL subband and configured DL reception in DL subband(s) in the same SBFD symbol
· Case 3: Configured transmission/reception in UL/DL subband(s) with scheduled reception/transmission in DL/UL subband(s) in the same SBFD symbol
· Configured UL transmissions at least include CG PUSCH, configured PUCCH/SRS
· Configured DL receptions at least include PDCCH, SPS PDSCH, configured CSI-RS
[Case 1 can be avoided by gNB scheduling.
For Case 3, dynamic scheduled reception/transmission is prioritized.]

	
	Company

	Support
	New H3C, IDC, NEC, Sony, QC, WILUS

	Not support
	



	Company
	Comments

	Moderator
	The proposal is to conclude the study of the following agreement.
	Agreement
Identify if there are any cases of time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE 
If there are, whether/how to avoid/handle such collision cases (as second step)



Based on the discussions in the last meeting, some companies do not agree that Case 1 should be avoided and some companies do not agree to simply prioritize dynamic scheduled transmissions/receptions. So they are put in square bracket.

	New H3C
	Listing cases of time domain conflict of UE’s UL transmission and DL reception is enough for SI phase and leave detail handling mechanism to WI so the description in the bracket is unnecessary.

	IDC
	Share similar view as New H3C. Prefer to remove the last two sentences that discuss particularly on Case 1 and Case 3, which are not needed to be captured in the TR.

	DOCOMO
	Support to study these cases, but maybe clarifications are needed considering transmissions/receptions with repetitions. 
We suggest to add “with or without repetitions” after transmission or reception in each case.
Moreover, if considering repetitions, whether case 1 can be avoided may need careful consideration.

	ITRI
	Typo in the main bullet “in the same SSB  SBFD symbol”
Share similar view as New H3C. Prefer to remove the last two sentences that discuss particularly on Case 1 and Case 3, which are not needed to be captured in the TR.

	Spreadtrum
	· SSB in the main bullet should be SBFD
· Last bullet can be removed for now, it can be left to WI stage
· For the concept of configured or scheduled, our first preference can give a full set. For progress, FFS other channel/single can be added.

	Sony
	Similar views with DOCOMO, for Case 1 we should clarify whether it is for case with repetitions or no repetitions.  Also share similar views with ITRI that it should be SBFD symbol rather than SSB symbol.

	Xiaomi
	Agree with the proposal with deleting the last two sentence. By the way, there is a typo in main bullet, it should be ‘SBFD symbol’ instead of ‘SSB symbol’.

	OPPO
	For the main bullet, “SSB symbol” seems a typo. In our understanding, the intention is to say SBFD symbol, not SSB symbol.
Case 1 can be avoided by gNB scheduling. So it does not sound necessary to list a conflict that can be easily avoided by implementation. 

	Nokia, NSB
	We believe there is a typo in the formulation and propose to replace “same SSB symbol” by “same SBFD symbol”. 

Assuming that the discussion is about time domain conflict in the same SBFD symbol, we think that the text in brackets can be left out in the SI, and it can be discussed in the WI. Additionally, we would like to point out that the there can also be conflict due to insufficient time for Rx/Tx switching between receptions and transmissions. We propose to add the following:
“The cases identified above can also occur if the transmission/ reception is in different SBFD symbols, but there is not sufficient time between them to account for Rx/Tx switching”




Proposal 1-12
Proposed Conclusion:
Support PRACH and Msg3 transmissions in UL subband for UEs can potentially reduce the latency of random access, reduce the collision probability, improve the coverage of PRACH and Msg3 and avoid the UL resource fragmentation in full UL symbols.
In order to support PRACH and Msg3 transmissions in UL subband for SBFD aware UEs in RRC_IDLE and RRC_INACTIVE states, SBFD time and frequency locations need to be configured in SIB.

	
	Company

	Support
	New H3C, IDC, DOCOMO, NEC, Sony, QC, TCL, xiaomi, Lenovo, Nokia, NSB

	Not support
	Spreadtrum, Ericsson, Fujitsu



	Company
	Comments

	Spreadtrum
	We do not support PRACH and Msg3 transmissions in UL subband, since it impacts legacy SSB-RO mapping, complexing the association between SSB and ROs. And PRACH repetition have already discussed in Rel-18, UL coverage has already improved. Furthermore, there are lots of PRACH formats, especially short preamble can shorten the UL delay. Thus, both of UL coverage and UL delay do not observed problem for PRACH and MSG 3. 

	QC
	Minor text update on main bullet as it can be miss-understood that RAN1 already agreed to support SBFD in initiln access. 

If  PRACH and Msg3 transmissions is allowed in UL subband for SBFD-aware UEs, it can potentially reduce the latency of random access, reduce the collision probability, improve the coverage of PRACH and Msg3 and avoid the UL resource fragmentation in full UL symbols.
In order to support PRACH and Msg3 transmissions in UL subband for SBFD aware UEs in RRC_IDLE and RRC_INACTIVE states, SBFD time and frequency locations need to be configured in SIB


	Ericsson
	As stated multiple times last meeting, we think that IDLE/INACTIVE mode should be deprioritized.

· Regarding “reduce the collison probability.” Collison between what and what?
· IT is not clear without simulations that this will offer coverage improvement given that PRACH power will be ramped higher to overcome interference in SBFD slots. Hence, it is not clear that there is a net system benefit.
· Regarding “resource fragmentation,” this does not seem a problem in legacy operation. How would SBFD avoid this?

	OPPO
	To support PRACH and Msg3 transmissions in UL subband, all enhancements on UL transmission on SBFD symbols and non-SBFD symbols in different slots need to be considered for PRACH and Msg3. Spec and implementation complexity increases.
In addition, having PRACH in a UL subband may lead to a more complicated half duplex collision caused by the fact that PRACH transmission in UL subband is determined by UE and  DL reception in DL subbands over the same symbols is determined by gNB. 

	Fujitsu
	Considering the dynamic SBFD operation, it will suffer from the severe CLI on the SBFD symbol where the SBFD symbol is converted into DL-only and UE in RRC_IDLE transmits PRACH.

	
	

	
	

	
	

	
	



3.3. [Open] 2nd round discussion
Proposal 1-3a
Proposed Conclusion:
At least tThe following options can be considered to support dynamic SBFD, if agreed.
· Option 1: Dynamic SBFD is achieved by scheduling DCI which is used to indicate whether the RBs in flexible subband are used for UL transmission or DL transmission. 
· FFS definition of flexible subband, e.g. fFlexible subband is defined as 1 RB or a set of consecutive flexible RBs, which can be used for UL transmission, DL transmission, and guard band 
· FFS benefit of introducing flexible subband in addition to UL/DL subbands
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine whether DL receptions outside semi-statically configured DL subband and/or UL transmission outside semi-statically configured UL subband are allowed.
· Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.
· Option 4: Dynamic SBFD is achieved by MAC-CE which indicates whether a symbol is SBFD symbol or not.
Note: whether or not dynamic SBFD is beneficial from a performance perspective is a separate discussion

	
	Company

	Support
	New H3C, Sony, ZTE, TCL, CEWiT, Sharp, DOCOMO, Panasonic, Huawei, HiSilicon

	Not support
	Samsung



	Company
	Comments

	Moderator
	The proposal is updated by adding Option 4 proposed by Qualcomm.
For Option 1, several companies commented that definition of flexible subband is unclear so FFS of the first sub-bullet is removed. The second FFS is also removed since there is no intention to continue the discussion in SI.

	ZTE
	We are generally fine to list all the potential options at this stage.

	CEWiT
	Generally, we are fine with the proposal. Prefer option 2 or 3.
Option 1 is still not very clear. E.g., how to configure F subband. Is it in addition to the UL SB configuration in SBFD. In our understanding, the dynamic nature in frequency domain, associated with option 1, can be implemented using option 2, where the semi-statically configured DL/UL SB is modified dynamically using DCI.

	NEC
	We prefer to support Option-2 and 3 (as compared to Option-1) for dynamic SBFD, but we can consider discussing the options further. However, we are not sure about the applicability of Option-4. For Option-4, network needs to send separate MAC CE packets to each of the connected UEs to indicate the symbol type, this will result in really high signalling overhead and hence does not provide any advantage on top of Option-3. We prefer to remove Option-4 from discussion.

	Samsung
	Ok with Options 2-4 (incl. Option 4 MAC-CE). We still have serious concerns about Option 1 “Flexible SB” based on the email discussions in RAN1#112bis-e.

	Huawei, HiSilicon
	We support to list all the options. 
As commented in RAN1#112bis, Option 1 follows the legacy design logic, i.e., the flexible subbands configured by RRC can be override by dynamic signaling for DL reception or UL transmission. For option 2 or 3, an UL/DL subband is configured by RRC, and the RRC configured UL/DL subband is indicated as DL reception or UL transmission by dynamic signaling. Therefore, it is inconsistent with the principle of current specification. 
We don’t think precluding the any signaling design is needed at the SI stage. 

	
	

	
	



Proposal 1-4a
Version 1:
Proposed Conclusion:
An UL subband can be configured in an SSB symbol.
If SBFD-aware UE cannotis not allowed to transmit in the SSB symbol but can onlyis allowed to receive within the entire DL BWP in the SSB symbol, negative impact on SSB detection and measurement due to UE-to-UE CLI can be avoided but SBFD performance may be degraded due to fewer UL opportunitiesless number of symbols for SBFD operation and there may be more switching points between SBFD and non-SBFD symbols compared with the case that SBFD-aware UE canis allowed to transmit in the SSB symbol.
If SBFD-aware UE canis allowed to transmit in the SSB symbol, the UE may only transmit UL an the UL subband in a subset of SSB symbols configured with UL subband under depending on gNB scheduling and/or, configuration or priority rule.

Version 2:
Proposed Conclusion:
For the two options agreed to be studied for SBFD operation in SSB symbols, the following observations are agreed.
· Option 1 may require a longer semi-static SBFD subband time location periodicity or separate SBFD subband time location configurations in different semi-static SBFD subband time location periodicities with and without SSB symbols, which would increase signalling overhead.
· Compared with Option 2 in case SBFD-aware UE canis allowed to transmit UL in the UL subband, for Option 1 and Option 2 in case SBFD-aware UE cannotis not allowed to transmit in the SSB symbol but can onlyis allowed to receive within the entire DL BWP in the SSB symbol, can avoid negative impact on SSB detection and measurement due to UE-to-UE CLI can be avoided but may degrade the SBFD performance may be degraded due to fewer UL opportunitiesless number of symbols for SBFD operation and there may beresult in more switching points between SBFD and non-SBFD symbols.
· For Option 2 in case SBFD-aware UE canis allowed to transmit UL in the UL subband, UE may only transmit UL in an the UL subband in a subset of SSB symbols configured with UL subband under depending on gNB scheduling and/or, configuration or priority rule.

	
	
	Company

	Version 1
	Support/
can live with it
	New H3C, ZTE, CEWiT, Sharp, DOCOMO, Panasonic, NEC, Ericsson, Samsung (with modification), Huawei, HiSilicon

	
	Not support
	Sony

	Version 2
	Support/
can live with it
	Sony (with modifications), CEWiT, Sharp, DOCOMO, Samsung (with modification)

	
	Not support
	Ericsson (unclear wording)



	Company
	Comments

	Moderator
	Sony does not agree either version since they have a proposal to increase frequency separation by banning some RBs in the UL subband. Please refer to their inputs for more details. Nokia prefer version 2 and does not agree version 1. Nokia commented that Option 1 may not increase signaling overhead in case SBFD configruration is invalid in SSB symbols. But that would be Option 1 and UE is not allowed to transmit in SSB symbols. So Nokia please kindly check whether it is correct understanding. In addition, moderator thinks that version 1 is more aligned with the agreement we made today.
For now, two versions are kept with revisions proposed by companies. 

	Sony
	On 2nd bullet of version 2, we suggest the following modification to note the fact that CLI can be reduced in Option 2 even when UL transmission is allowed:

· Compared with Option 2 in case SBFD-aware UE canis allowed to transmit UL in the UL subband, fFor Option 1 and Option 2 in case SBFD-aware UE cannotis not allowed to transmit in the SSB symbol but can onlyis allowed to receive within the entire DL BWP in the SSB symbol, can avoid negative impact on SSB detection and measurement due to UE-to-UE CLI can be avoided but may degrade the SBFD performance may be degraded due to fewer UL opportunitiesless number of symbols for SBFD operation and there may beresult in more switching points between SBFD and non-SBFD symbols.  For Option 2 in case SBFD aware UE is allowed to transmit UL in the UL subband, negative impact on SSB detection and measurement due to UE-to-UE CLI can be reduced or avoided by increasing the frequency separation between the SSB & UL transmission by banning a subset of UL RBs in the UL subband overlapping the SSB symbols from transmissions.


	ZTE
	Please note that we have agreed the following. Since only up to two transition points can be configured from gNB configuration perspective. If SSB can not be configured with UL subband, then basically it means the TDD periodicity with SSB can not be configured with SBFD operation since there will be four transition points, i.e., DL to SBFD, SBFD to SSB, SSB to SBFD, SBFD to UL. Thus, it seems version 1 is the only way to go.

Conclusion
At least for semi-static SBFD, in order to avoid frequent switching between SBFD and non-SBFD symbols, potential limitation on the maximum number of switching transition points between SBFD and non-SBFD symbols can be considered from SBFD subband configuration perspective. Maximum of two switching transition points including one switching transition point from non-SBFD symbols to SBFD symbols and one switching transition point from SBFD symbols to non-SBFD symbols within a TDD UL/DL pattern period can be considered as a starting point where the switching transition point can be aligned with slot boundary or within a slot.
· (Agreement) The usage of ‘switching point’ in previous conclusions/agreements are revised to ‘transition point’
A guard period between SBFD and non-SBFD symbols may or may not be required at gNB and/or UE side depending on gNB/UE implementation and/or SBFD operation.



	Sharp
	The above conclusion is just a starting point. We don’t think it limits the maximum number of transition points.

	Ericsson
	We support Version 1; however, we still have confusion on why the word “entire” is used

For Version 2, we still have trouble understanding the wording.

	Samsung
	For Options 2, we should also mention that the possibility to transmit UL in the UL SB by the UE is also subjected to the existing measurement procedures, e.g., 38.331 Section 9 or 38.331 SMTC(s).
We also think that it is premature to include necessity of a priority rule into the TR observations. This is one particular possible solution that can be discussed further during the WID stage.
Proposed modified text:
… UE may only transmit UL in an UL subband depending on gNB scheduling and/or configuration and/or priority rule UE measurement behavior.

	Moderator
	Some updates are suggested during offline session.
Proposed Conclusion:
An UL subband can be configured in an SSB symbol.

If SBFD-aware UE is not allowed to transmit in the SSB symbol but is allowed to receive within the entire DL BWP in the SSB symbol, negative impact on SSB detection and measurement due to UE-to-UE CLI can be avoided but SBFD UL performance may be degraded due to fewer UL opportunities and there may be more switching transition points between SBFD and non-SBFD symbols operations compared with the case that SBFD-aware UE is allowed to transmit in the SSB symbol.
If SBFD-aware UE is allowed to transmit in the SSB symbol, the UE may only transmit UL an UL subband depending on gNB scheduling, configuration, UE measurement precedures or priority rule.


	
	



Proposal 1-6a 
Version 1:
Proposed Agreement:
If PRG is determined as wideband, non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated.

Version 2:
Proposed Conclusion:
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-contigous segments of contiogous RBs that require doubling the channel estimation functionality. But iIt is expected that UE is able to handle non-contiguous resource allocation with wideband precoding since UE is able to handle non-contiguous resource allocation with precoding granularity of 2 or 4, and the total channel bandwidth of two DL subbands is less than the channel bandwidth of the DL BWP.

	
	
	Company

	Version 1
	Support/
can live with it
	New H3C, Sony, ZTE, TCL, Sharp, DOCOMO, Panasonic, NEC, Ericsson, Samsung, Huawei, HiSilicon

	
	Not support
	

	Version 2
	Support/
can live with it
	Sharp

	
	Not support
	



	Company
	Comments

	Moderator
	Qualcomm does not agree with version 1 in 1st round discussion.
Version 2 is updated to try to address the comments from Qualcomm.

	Panasonic
	We share Ericsson's view in the 1st round discussion that the channel estimation complexity budget would be based on PRG size 2/4. In our understanding, PRG size 4 is mandatory since 38.822 describes that "Support of semi-static PRB bundling is mandatory" in the note of FG2-11, and semi-static PRB bundling supports {4, wideband}.

	Ericsson
	We support Version 1

We don’t agree with Qualcomm’s assertion that the channel estimator complexity is doubled virtue of having 2 DL subbands. We think the CE complexity budget would be based on PRG size 2/4 which can handle non-contiguous allocations. Also the total bandwidth of two DL subbands is significantly less than the whole carrier for which the complexity budget must be dimensioned.   

	
	

	
	

	
	

	
	

	
	



Proposal 1-7a 
Proposed Agreement:
If PRG is determined as wideband and non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband are allocated, SBFD-aware UE assumes same precoding and same QCL/TCI assumption within each DL subband and makes no assumption aboutof same precoding across two DL subbands.

	
	Company

	Support
	New H3C, Sony, TCL, Sharp, Panasonic, NEC, Ericsson, Samsung, Huawei, HiSilicon

	Not support
	



	Company
	Comments

	ZTE
	It is not clear why “QCL/TCI” is included in this proposal. We suggest to remove “QCL/TCI”. Based on our understanding, the QCL/TCI can be the same across two DL subband since anyway gNB will use the same panel for two DL subbands.

Proposal:
If PRG is determined as wideband and non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband are allocated, SBFD-aware UE assumes same precoding and same QCL/TCI assumption within each DL subband and makes no assumption aboutof same precoding across two DL subbands.


	DOCOMO
	We are fine with removing QCL/TCI as suggested by ZTE.

	
	

	
	

	
	

	
	

	
	

	
	



Proposal 1-8a 
Proposed Conclusion:
gNB can configure a CORESET and a search space in a way such that the MOs of the search space occur in either SBFD or non-SBFD slots, or the MOs of the search space occur in both SBFD and non-SBFD slots but the associated CORESET does not overlap the boundary of a DL subband in SBFD symbols.
If it is agreed to be beneficial that a CORESET and a search space are configured that the MOs of the search space occur in both SBFD and non-SBFD slots and the associated CORESET overlaps the boundary of a DL subband in SBFD symbols, at least the following options can be considred for potential enhancement for SBFD-aware UE:
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
· [Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols]
Note: Whether these enhancements are applicable to only USS or also CSS

	
	Company

	Support
	New H3C, Sony, ZTE, TCL (keep option 5 as well) , CEWiT, DOCOMO, Panasonic, NEC, Samsung (prefer to keep Option 5), Huawei, HiSilicon

	Not support
	



	Company
	Comments

	Moderator
	There is no intention for further conclusion to include the pros/cons of each option.

	TCL 
	As we comented in previous round discussion that we generally support this proposal, but precluding option 5 may restrict CORESET configuration to only SBFD symbols or non-SBFD symbols. The current specification support more than one SS configured in a CORESET, and we think there is no harm in keeping option 5. 

	Sharp
	The proposal includes “SBFD symbols” and “SBFD slots”. We guess that they are the same. In that case, could we align the terminology? Aligning with “SBFD symbols” is preferred since the previous agreement is described with it.

	
	

	
	

	
	

	
	

	
	



Proposal 1-9
Version 1:
Proposed Agreement:
SBFD aware UE does not expect to be dynamically scheduled with a physical channel/signal without repetition that is mapped to SBFD and non-SBFD symbols within a slot.
UE drops a physical channel/signal configured by higher layer or scheduled with repetition that is mapped to SBFD and non-SBFD symbols within a slot.

Version 2:
Proposed Conclusion:
UE does not transmit/receive in an occasion mapped to SBFD symbols and non-SBFD symbols at least if phase continuity cannot be maintained across SBFD and non-SBFD symbols, there is interruption during transition, and/or different transmission/reception parameters are applied in SBFD and non-SBFD symbols.

	
	
	Company

	Version 1
	Support/
can live with it
	ZTE, CEWiT, DOCOMO, Panasonic, NEC, Ericsson (1st bullet with clarification)

	
	Not support
	Sony, TCL, Samsung

	Version 2
	Support/
can live with it
	New H3C, Sony (with modifications), ZTE, Sharp, DOCOMO, Samsung, Huawei, HiSilicon

	
	Not support
	TCL, CEWiT, Ericsson



	Company
	Comments

	Moderator
	This issue is very controversial. TCL and Nokia does not support either version. Sony does not support version 1 and Qualcomm, Ericsson do not support version 2.
Ericsson proposed to remove the 2nd bullet in version 1 and think “without repetition” should be removed in the 1st bullet. But moderator thinks that it may be difficult to gNB to avoid schedule a subsequent repetition mapped to SBFD and non-SBFD symbols.
Companies can provide additional inputs if any.

	Sony
	We still think that a transmission can be interrupted as it is already possible in Rel-16.  Not sure why we go backwards in Rel-18.  Hence we would like to add the following to Verison 2:
UE does not transmit/receive in an occasion mapped to SBFD symbols and non-SBFD symbols at least if phase continuity cannot be maintained across SBFD and non-SBFD symbols, there is interruption during transition.  If the transmission/reception is interrupted by RBs in the opposite link direction, Rel-16 PUSCH repetition Type B segmentation may be considered.


	TCL 
	As comented in previous round that both versions of this proposal restrict the transmission/reception occasion of a physical channel/signal mapped to SBFD and non-SBFD symbols within a slot for a UE. Mapping a channel/signal to only SBFD or only non-SBFD symbols restricts the scheduling flexibility of the gNB, and it may force a UE to transmit or receive only in SBFD or only non-SBFD symbols. In addition, restricting the mapping of a channel/signal to only SBFD and non-SBFD symbols may degrade the UL coverage, which goes against the objectives of SID. We share similar views with Nokia that the transmissions mapped to SBFD and non-SBFD symbols in one slot should be supported, and how to perform it can be further studied. 


	CEWiT
	Version 2 is not clear to us. How and when issues like phase discontinuity, interruption during transition etc. are determined?  

	Sharp
	For Version 1: 
We suggest excluding Repetition type-B at this stage. We suggest the following:
UE drops a physical channel/signal configured by higher layer or scheduled with repetition type-A that is mapped to SBFD and non-SBFD symbols within a slot.
For Ericsson’s comment on removing “without repetition”, we don’t support this update. Repetitions scheduled with a single DCI format are one physical channel. Therefore, the removal of “without repetition” implies that the UE can only expect to be scheduled with a physical channel with repetition where each repetition is mapped to either SBFD or non-SBFD symbols. This is a huge scheduling restriction.
For Version 2:
We are OK with this version.

	Ericsson
	We support the 1st bullet of Version 1 with a clarification. We think the 2nd bullet is a work item detail. With still think that “without repetition” should be removed, since the proposal would hold also for “with repetition.” Responding to the moderator’s comment, we don’t think it is difficult for gNB to avoid scheduling a subsequent repetition mapped to SBFD and non-SBFD symbols in the same slot. For example, for example for the XXXSU case which many companies used for evaluation of PUSCH with Type-A repetition over 5 slots, none of the repetitions occurred across both SBFD and non-SBFD symbols in the same slot.

SBFD aware UE does not expect to be dynamically scheduled with a physical channel/signal without repetition that is mapped to SBFD and non-SBFD symbols within a slot.
UE drops a physical channel/signal configured by higher layer or scheduled with repetition that is mapped to SBFD and non-SBFD symbols within a slot.


	Huawei, HiSilicon
	We support Version 2. 
As discussed in our contribution, PUSCH repetition type B can be transmitted/received that is mapped to SBFD and non-SBFD symbols within a slot to achieve URLLC. The issues caused by interruption can be solved by PUSCH repetition type B with some enhancement, such as a new actual repetition is derived across SBFD and non-SBFD symbols within a slot.

	
	



Proposal 1-10 
Proposed Conclusion:
For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, it can be beneficial to have separate resources, FH parameters, UL power control parameters and beam/spatial relation.

	
	Company

	Support
	Ericsson (with modification), Samsung

	Not support
	



	Company
	Comments

	Moderator
	The proposal is supported by majority companies.
Spreadtrum proposed to consider FH only and remove PC and beam enahancement.
Ericsson proposed to remove “beam/spatial relation”. 
Nokia proposed to add related resources.
Companies can provide additional inputs if any.

	Ericsson
	We still don’t understand why different SRS, PUCCH, or PUSCH occasions would use different beam/spatial relation. This seems like quite a change to the current beam management/TCI state/spatial relation framework.

For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, it can be beneficial to have separate resources, FH parameters, UL power control parameters and beam/spatial relation.


	
	

	
	

	
	

	
	

	
	

	
	



Proposal 1-11a 
Proposed Conclusion:
At least the following cases of time domain conflict of UE’s UL transmission and DL reception in the same SSB SBFD symbol for SBFD aware UE are idenfitied:
· Case 1: Dynamically scheduled UL transmission in UL subband and dynamically scheduled DL reception in DL subband(s) in the same SBFD symbol
· Case 2: Configured UL transmission in UL subband and configured DL reception in DL subband(s) in the same SBFD symbol
· Case 3: Configured transmission/reception in UL/DL subband(s) with scheduled reception/transmission in DL/UL subband(s) in the same SBFD symbol
· Configured UL transmissions at least include CG PUSCH, configured PUCCH/SRS
· Configured DL receptions at least include PDCCH, SPS PDSCH, configured CSI-RS
[Case 1 can be avoided by gNB scheduling.
For Case 3, dynamic scheduled reception/transmission is prioritized.]
The cases identified above can also occur if the transmission/ reception are in different SBFD symbols, but there is not sufficient time between them to account for Rx/Tx switching

	
	Company

	Support
	New H3C, Sony, ZTE, TCL, CEWiT, Sharp, DOCOMO

	Not support
	Samsung



	Company
	Comments

	DOCOMO
	Fine with the principle of the proposal, but we suggest to clarify that repetition case is also in the scope with adding two subbullets:
· scheduled/configured PDSCH receptions at least include PDSCH with or without repetitions
· scheduled/configured PUSCH/PUCCH transmissions include PUSCH/PUCCH with or without repetitions

	NEC
	We do not support addition of new bullet related to Rx/Tx switching. This is an ongoing discussion where applicability of gaps is being considered and hence, we should wait for the discussion to conclude before adding this point here. The point being that if applicability of transmission gap is agreed for Rx/Tx switching then there would be no need to consider Tx/Rx switching as a conflict scenario.

	Samsung
	We consider Case 1-3 to be gNB mis-configurations. We think that potential SBFD-specific collision handling cases and rules, if any, are not critical to SID conclusions.

	
	

	
	

	
	

	
	

	
	



Proposal 1-12
Proposed Conclusion:
If PRACH and Msg3 transmissions is allowed in UL subband for SBFD-aware UEs, it can potentially reduce the latency of random access, reduce the collision probability, improve the coverage of PRACH and Msg3 and avoid the UL resource fragmentation in full UL symbols.
In order to support PRACH and Msg3 transmissions in UL subband for SBFD aware UEs in RRC_IDLE and RRC_INACTIVE states, SBFD time and frequency locations need to be configured in SIB.

	
	Company

	Support
	New H3C, Sony, ZTE, TCL, Sharp, DOCOMO, NEC, Samsung, Huawei, HiSilicon

	Not support
	Ericsson



	Company
	Comments

	Moderator
	It seems that companies’ views are pretty clear. You can provide additional inputs if any.

	Ericsson
	· Our position is unchanged on this topic.

· We still think that IDLE/INACTIVE mode should be deprioritized, and we don’t agree to the conclusions in the proposal.

· Regarding “reduce the collison probability.” Collison between what and what?
· IT is not clear without simulations that this will offer coverage improvement given that PRACH power will be ramped higher to overcome interference in SBFD slots. Hence, it is not clear that there is a net system benefit.
Regarding “resource fragmentation,” this does not seem a problem in legacy operation. How would SBFD avoid this?

	
	

	
	

	
	

	
	

	
	

	
	



Proposal 1-13
A guard period may or may not be required between one SBFD symbol and the next SBFD symbol for a UE being scheduled DL in the former and UL in the latter, or between a full-UL and an SBFD symbol for a UE being scheduled UL in both symbols.

	
	Company

	Support
	New H3C, TCL, Sharp, DOCOMO, Ericsson, Samsung

	Not support
	



	Company
	Comments

	Moderator
	This is a new proposal for guard period from UE side for DL reception and Ul transmission in adjacent symbols or between full UL symbol and SBFD symbol.

	Sony
	The proposal doesn’t really say anything as it said it may or may not be required without saying why it may be required or why it may not be required.

	ZTE
	We have two comments.
1: Since the UE is still half duplex, we assume that there is guard period between DL and UL. We are not sure why we say “may or may not”.
2: It seems the case of switching between full-DL and SBFD symbol is missing.

	NEC
	We also need to consider whether a gap is required between a full-DL and SBFD symbol when UE is scheduled with DL in full-DL and UL in SBFD symbol. Hence, propose to reword the proposal as:
A guard period may or may not be required between one SBFD symbol and the next SBFD symbol or one full-DL symbol and the next SBFD symbol for a UE being scheduled DL in the former and UL in the latter, or between a full-UL and an SBFD symbol for a UE being scheduled UL in both symbols.


	
	

	
	

	
	

	
	



4. gNB self-interference handling schemes
This section discusses gNB self-interference handling schemes for SBFD.
4.1. Summary of input contributions
Tx/Rx timing misalignment
BS self-interference related to timing and SCS was discussed in RAN4#104bis-e with the following agreement in R4-2217464.
	4.1 BS self-interference related to timing and SCS
Agreement: 
· For the BS self-interference issue related to timing and SCS of D and U for both BS and UE:
· RAN4 understanding is that this issue will be studied in RAN1.
· RAN4 has not evaluated the timing and SCS impacts to BS SI. RAN4 for now assumes they are negligible and do not impact RAN4 requirement work.
· RAN4 will not consider this issue in the BS SI feasibility study if no request from RAN1.



The following conclusion was agreed in RAN1#112bis-e.
	Conclusion
Time misalignment at gNB between UL receptions and DL transmissions due to configuration of non-zero NTA,offset at UE can lead to increased interference assuming no gNB transmit chain side impairments and no filtering of DL subband(s) in the gNB Rx chain.
· FFS the case with gNB transmit chain impairments and/or filtering of DL subband(s) in the gNB Rx chain
· FFS whether/how to mitigate the interference increase, including impact to legacy UEs




Ericsson observed that when impairments in the gNB transmit chains and filtering of DL subbands in the gNB Rx chains are considered, the increase in interference due to misaligned timing between UL reception and DL transmission at the gNB can be quite small as shown below, which may demotivate adopting mitigating strategies such as configuring UEs with zero NTA,offset during SBFD symbols.
[image: ]
Figure 4‑1: Power in Rx FFT window with Tx impairments, but no UL subband selection filter [18]
[bookmark: _Ref127389759]
[image: ]
Figure 4‑2: Power in Rx FFT window with Tx impairments and with UL subband selection filter [18]

Fujitsu has the same observation although no evaluation results are provided.
Qualcomm observed that with the configuration of non-zero NTA,offset, a subband Rx filter can reduce the impact of ICI due to time misalignment of the interference and UL signal. However, it requires special handling by gNB implementation to bypass the fitler in UL symbols which could incur some switching time/delay. In addition, these filters could introduce some insertion loss.

For potential mitigation, the following schemes are identified.
· Scheme 1: zero value of NTA,offset applied for both SBFD and UL symbols
· Supported by: Huawei, LG (applies to UEs with new capability)
· Potential issues:
· Legacy UE may not support NTA,offset =0 [Nokia, ZTE]
· Increased guard time [Intel, Nokia]
· No sufficient margin for gNB to switch from UL to DL [NEC, Panasonic]
· Intra-subband UE-to-UE CLI to another UE belonging to the same serving cell [xiaomi]
· No switching gap for both Rx-to-Tx and Tx-to-Rx switching [xiaomi]
· Impact the inter-gNB CLI [Qualcomm]
· If applicable to SBFD-aware UE only, impact UL timing alignment at gNB across different UEs [Qualcomm]
· Scheme 2: zero value of NTA,offset applied for SBFD symbols and non-zero value of NTA,offset applied for UL symbols
· Supported by: Nokia, ZTE
· Potential issues
· Overlapping between UL transmissions in an SBFD symbol and in next UL symbol [Intel, Nokia, Panasonic]
· Increased overhead [Nokia]
· Legacy UE cannot utilize UL subband in SBFD symbols because non-zero value of NTA,offset is applied to legacy UE transmission. [Panasonic, MediaTek]
· Insufficient time gap for UL to DL switching at the UE [Sony]
· No gap for both Rx-to-Tx and Tx-to-Rx switching between two SBFD symbols or between SBFD symbol and non-SBFD symbol [xiaomi]
· Scheme 3: Align symbol boundary for DL and UL with different symbol index
· Supported by: Sony
· No specification efforts [Intel]
· Larger switching gaps for both DL-to-UL and UL-to-DL [Intel]
[image: ]
Figure 4‑3: Adding TUL to the overall timing advance to align the 2nd OFDM symbol with the DL interferer [22]

Power control based solution
ZTE observed that the uplink transmissions in the UL subband are subject to different interference levels due to different frequency domain isolation between the uplink transmission and the DL subband and proposed that UL subband resources can be divided into multiple areas and each area is mapped with a dedicated power control parameter set for compensating the different levels of inter-subband interference.
Nokia proposed that the potential benefits of boosting the UE Tx power and/or reducing the gNB power in SBFD slots/symbols shall be further investigated as a potential method to boost the UL received SINR in slots/symbols affected by gNB self-interference.
4.2.  [Open] 1st/2nd round discussion
[bookmark: _Ref116222058]Proposal 2-1
Proposed Conclusion:
One company observes that the increase in interference due to misaligned timing between UL reception and DL transmission at the gNB can be quite small when impairments in the gNB transmit chains and filtering of DL subbands in the gNB Rx chains are considered.
One company observes that a subband Rx filter can reduce the interference due to misaligned timing between UL reception and DL transmission at the gNB but it requires special handling by gNB implementation to bypass the fitler in UL symbols which could incur some switching time/delay and could introduce some insertion loss.

	
	Company

	Support
	QC, Ericsson, Samsung

	Not support
	



	Company
	Comments

	New H3C
	In our understanding, it seems to belong to gNB implementation issue so we wonder whether it is necessary to draw the conclusion or not.

	NEC
	The intention of the conclusion currently does not seem to be clear. We understand that the objective of the discussion is to understand impact of misaligned timing between UL and DL, however just indicating that what kind of gNB implementation poses what challenge does not seem to provide any relevant conclusion. We think that the conclusion to be captured should be in simpler words indicating whether UL-DL timing misalignment results in performance loss without going into details of gNB implementation.

	Sony
	Similar view with New H3C, that the Rx filtering is an gNB implementation issue. If gNB thinks it is not an issue then it doesn’t need to set additional TA and for gNB that has an issue it can use the additional TA to align the CPs for DL & UL transmissions.

	QC
	Not only subband filtering can be used to reduce the impact of timing miss-alignemtn. If gNB adopts digital cancellation in time domain of the direct interference in the DL-subband, this impact can be minimized as wel. 

	Xiaomi
	Our observation on the increase in interference due to misaligned timing between UL reception and DL transmission at the gNB is similar as the conclusion, considering there are at least four tools to suppress self-interference at gNB side, i.e. spatial suppression, frequency location, digital domain and beam domain. The misaligned timing issues only impacts digitial domain mechanism if any. However, the overall impact on self-interference suppression may be trival.

	Nokia, NSB
	We do not support the conclusion, because the objective is not clear. We have a similar view as NEC, that we could have a simpler conclusing without capturing the gNB implementation issues. In our view, these issues will be anyway captured in the RAN4 discussion.

	Ericsson
	We support the proposal, and we think this is a topic that has been studied by multiple companies in their contributions including: Nokia, Huawei, CATT, Fujitsu, and LG, and Ericsson. Based on this, we think it is appropriate to capture a conclusion in the TR.
Regarding Nokia’s comment that these issues will be captured by RAN4, that is not true. RAN4 made a conclusion that RAN4 will not study the timing misalignment issue and that RAN1 will do that:

R4-2217464 Section 4:
Agreement: 
· For the BS self-interference issue related to timing and SCS of D and U for both BS and UE:
· RAN4 understanding is that this issue will be studied in RAN1.
· RAN4 has not evaluated the timing and SCS impacts to BS SI. RAN4 for now assumes they are negligible and do not impact RAN4 requirement work.
RAN4 will not consider this issue in the BS SI feasibility study if no request from RAN1.

	
	

	
	



Proposal 2-2
Proposed Conclusion:
The following schemes can potentially mitigate the interference increase due to configuration of non-zero NTA,offset at UE, but other issues including e.g. insufficient switching time, increased guard time, impact on legacy UE etc. may arise.
· Scheme 1: zero value of NTA,offset applied for both SBFD and UL symbols
· Scheme 2: zero value of NTA,offset applied for SBFD symbols and non-zero value of NTA,offset applied for UL symbols
· Scheme 3: Align symbol boundary for DL and UL with different symbol index

	
	Company

	Support
	QC, Panasonic, ZTE, Ericsson (with modifications), Samsung (with modifications)

	Not support
	Sony



	Company
	Comments

	Sony
	The list of schemes does not align with the main bullet.  Main bullet seems to talk only about Scheme 1 but somehow we list 2 other schemes.

	QC
	We could clarify these schmes can reduce interferne in caee other mitigation (subband filter or digital cancellation) are not utilized. 
Scheme-2 only applicable for SBFD-aware UE and it is not backward compatible with legacy or non SBFD-aware UEs.  Also, seems like scheme-3 is subset of scheme 2 where zero TA offset is applied only to SBFD symbols. 

	xiaomi
	Based on proposal 2-1, we think proposal 2-2 is too premature to be agreed.

	Nokia, NSB
	We have similar view as Sony, and propose the following change to the proposed conclusion:
The following schemes can potentially mitigate the interference increase due to configuration of non-zero NTA,offset at UE due to time misalignment between UL reception and DL transmissions at the gNB, but other issues including e.g. insufficient switching time, increased guard time, impact on legacy UE etc. may arise.


	Ericsson
	We agree with Nokia’s revision.
Scheme 3 seems to be the same as Scheme 1, hence it should be removed.

	Samsung
	We also consider Scheme 3 to be the same as Scheme 1 or at least to fall under its umbrella. To simplify, we can add a note under Scheme 1 to hint at the aligned symbol boundary.

	
	

	
	

	
	



5. Inter-gNB and inter-UE CLI handling schemes
The guidance from Mr. Chair on discussions of CLI handling in AI 9.3.2 and AI 9.3.3 is as follows. Accordingly, this section discusses the potential inter-gNB and inter-UE CLI handling schemes that are specific for SBFD.
	Guideline for future meetings
· Note: AI 9.3.3 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD.
· Note: AI 9.3.2 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for SBFD.


In addition, according to the guidance from Mr. Chair, L1/L2 based CLI measurement/report for UE-to-UE CLI handling is to be discussed in AI 9.3.3 and exchange of intended subband configurations for SBFD operation across gNBs is to be handled in AI 9.3.2.
5.1. Summary of input contributions
The inputs from companies’ contributions on inter-gNB and inter-UE CLI handling schemes are summarized below as per moderator’s understanding. Moderator would like to apologize in advance if your views are not correctly captured or missed and encourage companies to correct/update the summary with revision marks if needed.
1. 
2. 
3. 
4. 
5. 
5.1. 
5.1.1. UE-to-UE CLI handling
4. 
5. 
5.1. 
5.1.1. 
5.1.1.1. UE-to-UE CLI measurement/reporting
The following agreements were made in RAN1#112 and RAN1#112bis-e respectively.
	Agreement
For inter-UE inter-subband CLI measurement, study at least the following methods:
· Method#1: victim UE measures RSSI within DL subband
· FFS: Whether SINR can be measured
· Method#2: victim UE measures RSRP of aggressor UE within UL subband
· Method#3: victim UE measures RSSI within UL subband 
· Note: the restriction in Rel-16 that CLI is only measured within DL BWP does not forbid UE to measure CLI in UL subband when UL subband is confined within DL BWP.

Agreement
For inter-UE inter-subband CLI measurement, study Method#2 and Method#3 considering:
· Necessity/benefit compared with measurement within DL subband
· Whether/how to estimate CLI from RSRP/RSSI measurements within UL subband / guardband
· Whether UE is required to measure RSRP/RSSI within UL subband and receive DL in DL subband(s) simultaneously
· Whether existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband
· If not, identify the potential impact



4. 
5. 
5.1. 
5.1.1. 
5.1.1.1. 
5.1.1.1.1. CLI measurement within DL subband
Huawei, Spreadtrum, Intel, InterDigital, Lenovo support Method#1.
Intel, CMCC and Qualcomm think SINR can be measured. To be specific, Intel thinks that if ‘S’ is the signal strength of desired DL transmitted by serving gNB, UE may derive SINR based on RS transmitted by serving gNB in DL subbands and configured resource for interference from other gNB/UEs including CLI in DL subbands. Qualcomm thinks SINR-based CLI measurement and reporting can be studied where UE measures the DL channel based on NZP CSI-RS and interference based on the CLI Resources. CMCC thinks that SINR can also be measured for Method#1 and the traditional CSI measurement and report framework can be reused. The most advantage of SINR measurement is it can reflect the channel state information within DL subband more directly compared with RSSI and gNB can use the reported SINR to adjust the MCS for scheduling.
Xiaomi proposed that victim UE does not measure SINR within DL subband since it may be not possible as the signal power on different RBs are different according to the definition of IBE. On the other hand, from victim UE perspective, the uplink transmission on UL subband are interference for DL reception on DL subband. There is no signal UE needs to process on the RSSI resource.

Non-contiguous CLI-RSSI measurement/report
In RAN1#112bis-e, the following agreement was made.
	Agreement
For UE-to-UE CLI-RSSI measurement/report across downlink subbands, study the following methods:
· Method#1: separate CLI-RSSI measurement resources/reports in each DL subband
· Note: supported in existing specifications
· Method#2: CLI-RSSI measure/report in one DL subband only
· Note: supported in existing specifications
· Method#3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
· FFS: report single or separate CLI-RSSI report(s) 
· FFS: details on determination of non-contiguous CLI-RSSI resource allocation



Method #1
Ericsson thinks it sufficient to use existing tools in the spec and prefers Method #1 since it allows either configuration of measurement reporting in one subband or two subbands in case there is some reason to believe that the CLI is different in each subband.
CMCC proposed to consider Method #1 as baseline since CLI in two DL subbands may not be the same considering the aggressor UE may not transmit the UL in the whole UL subband.
InterDigital thinks that Method #1 would unnecessarily increase the configuration overhead as at least two times more indications compared with legacy CLI-RSSI configurations.
DOCOMO does not prefer Method #1 considering the limited number of CLI measurement resources.

Method #2
InterDigital thinks that different UL resources may be allocated to different UEs with different transmission power, and different locations. Therefore, CLI-RSSI measurement in only one of the DL subbands may result in over-estimation or down-estimation of the overall CLI-RSSI.
DOCOMO thinks that since the interference levels in each DL subband due to scheduling are possible to be different, it is beneficial to measure/report CLI level in each DL subband.

Method #3
Ericsson thinks that Method #3 requires additional specification effort and it may not be beneficial.
LG thinks that if the UE-to-UE CLI-RSSI measurement/report is taken non-contiguous measurement resource in frequency into account, the measured strength of CLI is averaged over the non-contiguous measurement resource. Hence, it is hard to determine which part of DL subband is suffered from intra-cell inter-UE CLI. In this aspect, for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency, the use cases and potential benefits should be justified.
CMCC proposed that Method #3 can be further studied with the similar design as non-continuous CSI-RS resource allocation and CSI report.
ZTE, InterDigial, Intel, Qualcomm, DOCOMO, Lenovo support Method #3.
ZTE proposed that CLI-RSSI measurement/report is based on one contiguous CLI-RSSI resource allocation with non-contiguous CLI-RSSI resource derived by excluding frequency resources outside DL subband (s) because it has the lowest signaling overhead and it is efficient to have only one report for multiple DL subbands.
Qualcomm proposed that based on CLI report configuration, the UE may report single wideband RSSI measurement or per-DL-subband CLI-RSSI measurements. The non-contiguous CLI frequency resource could implicitly determined by the UE by excluding some frequency resources based on SBFD indication.
Lenovo proposed that a single report can be configured to report the CLI-RSSI corresponding to multiple DL subbands within an SBFD symbol.

5.1.1.1.2. CLI measurement within UL subband
ZTE thinks that Method #2 can be considered in order to identify the aggressor and there may be no motivation for further supporting Method#3. In addition, it is proposed to configure RSRP measurement within UL subband and RSSI measurement in DL subband(s) simultaneously and an association between RS for RSRP measurement and resource for RSSI measurement can be defined to obtain the actual interference strength and aggressor at the same time.
Similar, Nokia observed that the advantage of method #2 when compared to method #1 is that by using the SRS RSRP, the UE could report for example the CLI-SRS index to the gNB, giving more useful information for the network to handle the UE-UE CLI than in the case that the UE only reports the RSSI.
Qualcomm observed that compared to Method #1, Method #2 and Method #3 provide the following benefits:
· More accurate CLI measurements as CLI power in UL-SB is much higher than leakage power in DL subband which is helpful for identifying the aggressor UE(s). 
· UE receiver blocker detection. 
For Method #2 and Method #3, simultaneous DL reception in the DL subband and CLI-measurements in UL subband can be done based on UE capability, similar to Rel-16 UE capability of ‘cli-RSSI-FDM-DL-r16’ and ‘cli-SRS-RSRP-FDM-DL-r16’.
InterDigital thinks that CLI measurements on UL subband should also be considered which can give a direct estimation on the CLI received power or signal strength to identify a particular source of the CLI, e.g., an SRS transmission from an aggressor UE. It is proposed to consider UE to de-prioritize DL reception or UL transmission, if scheduled, at the same time as the CLI measurement such as CLI RSRP and CLI RSSI considering that the victim UE may be imposed with strong CLI.
CMCC proposed to support Method #2 and Method #3 to identify aggressor UE compared with Method #1. From UE side, both DL reception in DL subband and CLI measurement in UL subband are DL reception behaviours and it is feasible for UE to perform two behaviours simultaneously.
LG proposed that for UE-to-UE SRS-RSRP measurement/report within UL subband, measurement gap for measurement inter-subband can be indicated. For UE-to-UE SRS-RSRP measurement within active DL BWP, SBFD symbol can be converted as non-SBFD symbol for operating within wider bandwidth.
Huawei thinks Method #1 is sufficient. The necessity/benefit of Method #2/3 is yet to be proved and the details of Method #2/3 are still unclear. Intel thinks that Method #2 leads to increased UE complexity for a measuring UE and would lead to typically more conservative estimates than reality since it would not capture the true nature of leakage interference for inter-subband interference with non-overlapping SBFD operation.
Spreadtrum thinks that Method #2 and #3 are excluded if Option 1 is applied for SBFD aware UE behavior, i.e. DL receptions outside semi-statically configured DL subband(s) are not allowed.

5.1.1.1.3. CLI measurement in guardband
It was agreed in RAN1#112bis-e to further study CLI measurement in guardband.
	Agreement
For semi-static SBFD, a SBFD aware UE does not transmit UL channels/signals or receive DL channels/signals on the guardband(s) that the UE is aware of.
· FFS: Measurement in guardband for the purpose of CLI measurement



CLI measurement in guardband
· Supported by: InterDigital, MediaTek, Nokia, Qualcomm
· Not supported by: Samsung, OPPO

Qualcomm proposed that UE can be configured to measure CLI-RSSI in guradband(s) as the CLI-RSSI measurement is not DL reception from gNB.
InterDigital thinks it is beneficial for the victim UE to be able to measure and compare CLI is different subbands and in different frequency granularities. Since the guardbands are the closest bands to the border of the UL and DL subbands, measuring CLI in guardbands can be used as an extreme measure or reference for determining the difference in measured CLI values (e.g., being compared with middle band) to determine the CLI strength. As such, measuring the guardbands for CLI measurement could be beneficial in detecting and estimating the CLI more accurately. So it is proposed to consider supporting measurement in guardbands, if configured, for CLI measurement.
Nokia sees advantages of the measurements within the guardbands when compared to Method #1, in which the victim UE measures RSSI within the DL subband. In the DL subband, the UE would measure both the leakage from transmissions from the aggressor UEs, and the power received from the gNB DL transmissions – unless the gNB mutes its own resources during the RSSI measurements. Therefore, the obvious advantage of the CLI measurements within the guardband is the possibility of measuring the UL leakage without muting the DL transmissions at the gNB, so it leads to a better resource utilization. One option to configure the measurements within the guardbands is to configure zero power CSI-RS.
MediaTek observed that SRS-RSRP measurement within a guardband can address resource overhead problem and make good use of available guardband resources and proposed to study optimized SRS resource configurations for CLI measurement within a guardband.
LG thinks that the intention of measurement of the guardband seems to be related to the mechanism that the bandwidth for the guardband can be changed depending on the strength of interference. Hence, if bandwidth adaptation for the guardband is allowed, the CLI measurement within the guardband may be discussed. But, if the bandwidth adaptation is not applicable for the semi-static SBFD, the motivation of the measurement in the guardband seems unclear.
Samsung does not see an associated use case for transmission of UE-to-UE CLI measurement signals in the RBs configured by the gNB as guard band(s). When the gNB-side SIC implementation requires guard band(s) on SBFD symbols, these will need to be present irrespective of actual or varying interference levels observed in such RBs. Therefore, the knowledge of UE-reported CLI measurements for guard band RBs is not needed for gNB scheduling. It should also be considered that the potential benefits of the UE implementation knowing the guard band(s) for additional UE Rx- or Tx-side BB filtering on the PDSCH and PUSCH allocation bandwidth in the SBFD DL and UL subband(s) are negated when UE (Rx) measurements become possible on the SBFD symbols. So Samsung proposed that UE reception of UE-to-UE CLI measurement signals in an RB configured as guard band on an SBFD symbol is not supported.
OPPO thinks that the motivation to measure CLI is to handle or cancel interference on top of receiving data, so it is straightforward to measure CLI in DL subband or UL subband. The motivation to measure CLI in guardband is not clear.

Information exchange between gNBs
Huawei thinks for UE-to-UE co-channel CLI measurement, at least the configuration of measurement sig-nals/channels should be exchanged between aggressor gNBs and victim gNBs. In addition, the CLI measurement reports can also be exchanged between aggressor gNBs and victim gNBs. Whether the information exchange needs to be specified can be further discussed.
Similarly, Qualcomm proposed that gNB to exchange information of the CLI resource configurations and/or CLI measurements.

Timing alignment aspects
ZTE proposed to consider timing alignment solution on measurement RS transmission for UE-to-UE CLI, e.g. exchange timing related information for reception of measurement RS.
Nokia proposed to study schemes for measurement and reporting of time difference of arrival between DL RS and UL RS, and potential extensions to the CLI measurement framework to include assistance information consisting of e.g. specific timing offset (with respect to DL timing) to be used when performing a CLI measurement.

Other enhancements
InterDigital proposed to consider mechanisms to apply measurement skipping on some SBFD slots/symbols and power adjustment in deriving a CSI, depending on a level of dynamic power management occurred in the SBFD scenario. In addition, it is proposed to study measurement resources and reporting configurations for subband-edge CLI measurement and to study a conditional CLI handling behavior based on monitoring the beams at the victim UE side, where the condition can at least include a case when the victim UE detects a PDSCH reception failure, which initiates a subband-wise CLI measurement/reporting for a subband switching to avoid the CLI.
InterDigital proposed to study a conditional CLI handling behavior based on monitoring the beams at the victim UE side, where the condition can at least include a case when the victim UE detects a PDSCH reception failure, which initiates a subband-wise CLI measurement/reporting for a subband switching to avoid the CLI.

ZTE proposed that different frequency densities can be configured for reference signals (e.g., RS for UE-to-UE CLI measurement, RS for downlink transmission channel estimation) transmitted in different areas with different interference levels.

Considering that 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) based on reported CLI-RSSI, MediaTek proposed to study the feasibility and cost of muting co-channel interferer for the assessment of inter-subband UE CLI using CLI-RSSI measurements.
MediaTek proposed to study CLI measurement on UL subband with frequency differentiation considering that there are multiple UE transmissions in the UL subband of a given slot, the current CLI-RSSI measurement doesn’t provide information on which UE(s) are the high aggressor. An example is shown in the figure below, in which the victim UE will report high UE-UE CLI for RB Groups 1 and 2, and no UE-UE CLI for RB Group 3. However, the current specification does not support such frequency differentiation for CLI measurement.
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Figure 5‑1: CLI measurement on UL subband with frequency differentiation [25]

5.1.1.2. Power control based solution
ZTE proposed that UL subband resources can be divided into multiple areas and each area is mapped with a dedicated power control parameter set for compensating the inter-subband interference with different levels. The resources contained in each area can be semi-statically configured by RRC or indicated by DCI.
As an example shown below, UL subband is divided into three areas in the frequency domain. A higher transmission power can be used for uplink transmission in Area 1 as it is far away from DL subband and a lower interference can be expected. For Area 2 and Area 3, a lower transmission power can be used for uplink transmission in them as they are closed to DL subband.
[image: ]
Figure 5‑2: Different allowed maximum power for UL transmission in different areas [13]
InterDigital proposed to study dynamic UL power control mechanism based on some dynamic factors such as the frequency gap, beam/spatial-domain parameter, or a priority indication on the UL, to mitigate the effects of the CLI dynamically.
Apple proposed that potential aggressor UE, UEA, is indicated to measure SRS (transmitted by potential victim UE) before PUSCH transmission. The indication can be through DCI scheduling the PUSCH for aggressor UE. Besides, DL CLI indication, e.g., based on DL-PI, indicates which symbols were impacted by cross-link interference from aggressor UE(s).
5.1.1.3. Others
ZTE proposed that different frequency densities can be configured for reference signals transmitted in different areas with different interference levels.

5.1.2. gNB-to-gNB CLI handling
1. 
2. 
3. 
4. 
5. 
5.1. 
5.1.1. 
5.1.2. 
5.1.2.1. gNB-to-gNB CLI measurement/reporting
For inter-gNB inter-subband CLI measurement, CMCC proposed to study the following two methods, where the measurement results of Method#1 can directly reflect the intensity of inter-subband CLI but cannot identify the strongest aggressor gNB, and the measurement results of Method#2 can identify the aggressor gNB based on accurate RS measurement without complicated inter-gNB coordination:
· Method#1: victim gNB measures leakage interference strength from aggressor gNB within UL subband, e.g., RSSI;
· Method#2: victim gNB measures RSRP of aggressor gNB within DL subband.
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Figure 5‑3: Inter-gNB inter-subband CLI measurement method#1 & method#2 [24]
Furthermore, it is proposed that inter-gNB transmission coordination in orthogonal time-domain, frequency-domain or spatial-domain resources can be supported to identify the strongest aggressor gNB in inter-gNB inter-subband CLI measurement Method#1.
Spreatrum supports Method#1 above for gNB-to-gNB inter-subband CLI handling.

Different RS frequency densities
Similar as UE-to-UE inter-subband CLI, ZTE proposed that different frequency densities can be configured for reference signals (e.g., RS for gNB-to-gNB CLI measurement, RS for uplink transmission channel estimation) transmitted in different areas with different interference levels.

Resource muting
Huawei has the following observations.
Uplink resources muting provides at least the following benefits for gNB-to-gNB co-channel CLI measurement in SBFD operation
· Muting the REs on the DL subband in UL DMRS symbols and/or the REs on the UL subband in DL DMRS can improve channel estimation and inter-cell interference estimation and suppression.
· Introducing dedicated UL muting resources for gNB-to-gNB CLI measurement can improve the gNB-to-gNB co-channel and adjacent-channel inter-subband CLI estimation and suppression.
Huawei thinks that based on the above scheme, the accurate channel and interference covariance matrix can be measured. And these measurement quantities can be used to improve performance at the receiver, e.g. MMSE-IRC receiver, which can effectively suppress the gNB-gNB co-channel CLI.
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Figure 5‑4: Resource muting for gNB-gNB co-channel CLI measurement [14]
5.1.2.2. Beam nulling between gNBs
To suppress the DL blocking signal, Huawei proposed to study the feasibility and performance of beam nulling for gNB-to-gNB CLI suppression with gNB-to-gNB channel, e.g. if the channel between transmitter and receiver can be measured, the DL beamforming weights can be manipulated to avoid transmitting in the direction of the receiver by using coordinated beamforming (CBF).
[image: ]
Figure 5‑5: CBF to suppress blocking interference [14]

5.1.2.3. Interference suppression based on analogue filter
Huawei proposed to study the feasibility and performance of applying filters at both transmitter and receiver sides in SBFD involving RAN4 on the following aspects.
· Filter at transmitter to suppress the leakage interference.
· Filter at receiver to suppress the blocking interference.
· Guard band for filters.
It is noted that Huawei thinks that the study should be started by RAN4 and the performances should be provided to RAN1 to check the feasibility as well as the performance of SBFD.


5.2. [Closed] 1st round discussion
Proposal 3-1
Proposed Conclusion:
For inter-UE inter-subband CLI measurement, SINR can be measured within DL subband where UE measures the signal strength of DL signal transmitted within DL subband and interference based on configured resources within DL subband.

	
	Company

	Support
	New H3C with clarification, IDC, DOCOMO, NEC, Sony, QC, xiaomi, Lenovo, Nokia, NSB

	Not support
	



	Company
	Comments

	New H3C
	This case that DL signal transmitted within DL subband and interference based on configured resources within DL subband belongs to intra-subband CLI measurement.

	IDC
	OK in principle, based on understanding that the interference measured on the DL subband here which also captures the inter-UE CLI as a leakage CLI.

	Spreadtrum
	For clarification, SINR is supported in existing specifications, any change is needed?

	OPPO
	“Configured resources” is not clear, and correspondingly, it is not clear how interference from inter-subband, e.g. UL subband, is measured in within DL subband.

	
	

	
	

	
	

	
	

	
	

	
	



[bookmark: _Ref116138204]Proposal 3-2
Proposed Conclusion:
For the three methods agreed to be studied for UE-to-UE CLI-RSSI measurement/report across downlink subbands, the following observations are agreed.
· Method #1 allows flexible configuration of measurement reporting in one DL subband or two DL subbands but it may limit the maximum number of CLI-RSSI measurement resources supported by the UE. 
· Method #2 restricts gNB configuration flexibility and is not applicable in case the CLI is not symmetric across two DL subbands.
· Method #3 requires additional specification efforts. Similar design for non-contiguous CSI-RS resource allocation can be considered for non-contiguous CLI-RSSI measurement resource across downlink subbands. A single CSI report based on non-contiguous CLI-RSSI resource is sufficient except if finer frequency granularity of CLI measurement and report is supported which is separately discussed.

	
	Company

	Support
	New H3C, IDC, NEC, Sony, QC, Panasonic, xiaomi(with clarification), Lenovo, OPPO), Nokia, NSB (with update)

	Not support
	



	Company
	Comments

	DOCOMO
	One benefit of Method#3 compared to Method#2 is the case when CLI is not symmetric across two DL subbands. But if single CLI report is used for Method#3, it seems the benefits of Method#3 in the case is weakem.
And it seems it should be “A single CLI report based on non-contiguous CLI-RSSI resource is sufficient” for method #3?

	Xiaomi
	For method#1, we think the potential issue is that separate CLI resources for different DL subbands will consume the CLI-RSSI measurement resources, instead of limiting the maximum number of CLI-RSSI measurement resources.

	Moderator
	The proposal is updated based on offline discussions.
Proposed Conclusion:
For the three methods agreed to be studied for UE-to-UE CLI-RSSI measurement/report across downlink subbands, the following observations are agreed.
· Method #1 allows flexible configuration of measurement reporting in one DL subband or two DL subbands but it consumes multiplemay limit the maximum number of CLI-RSSI measurement resources supported by from the UE capability budget. 
· Method #2 restricts gNB configuration flexibility and does not account for whether or not is not applicable in case the CLI is not asymmetric across two DL subbands.
· Method #3 requires additional specification efforts. Similar design for non-contiguous CSI-RS resource allocation can be considered for non-contiguous CLI-RSSI measurement resource across downlink subbands. A single CSI CLI-RSSI report based on non-contiguous CLI-RSSI resource is sufficient except if finer frequency granularity of CLI measurement and report is supported which is separately discussed.


	Lenovo
	Ok with the updated proposed conclusion by Moderator

	Ericsson
	Support updated proposal by Moderator

	OPPO
	We support conclusion and prefer to method#1 (if further selection is planned).

	Nokia, NSB
	Generally we support the update from moderator. One minor update as “A single CSI CLI-RSSI report based on non-contiguous CLI-RSSI resource is may be sufficient except if finer frequency granularity of CLI measurement and report is supported which is separately discussed.”



Proposal 3-3
Proposed Conclusion:
For the methods agreed to be studied for inter-UE inter-subband CLI measurement, Method #2 and Method #3 can be used for identifying the aggressor UE(s) if orthogonal resources are allocated for different aggressor UE(s).
UE can measure RSRP/RSSI within UL subband and receive DL in DL subband(s) simultaneously subject to UE capability, similar to Rel-16 UE capability of ‘cli-SRS-RSRP-FDM-DL-r16’ and ‘cli-RSSI-FDM-DL-r16’. 
The existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband when UL subband is confined within DL BWP.

	
	Company

	Support
	IDC, DOCOMO

	Not support
	



	Company
	Comments

	New H3C
	For UE capability, we think it is too ealy to discuss during SI phase and we can defer this discussion to WI phase.

	QC
	Not only for aggressor UE identification, but also to provide better CLI measurement than leakage measurements in DL-subband and also to identify blocking issues. 

For the methods agreed to be studied for inter-UE inter-subband CLI measurement, Method #2 and Method #3 can be used for identifying the aggressor UE(s) if orthogonal resources are allocated for different aggressor UE(s), providing higher CLI-measurements than leakage measurement in DL-subband and UE receiver blocking detection.  


	Xiaomi
	We would like to understand what method#2 and method#3 mean. We are discussing different thing in two parallel agreements, which both use method#1/2/3, i.e.
1) Whether measure CLI outside DL subband
2) How to define CLI resources


	OPPO
	Simultaneous RSRP/RSSI measurement within UL subband and  DL reception in DL subband(s) is not default for UE, so additional capability and enhancement is required for UE.
For proposed conclusion, method #1 is not mentioned, does it mean that method #1 is excluded or method#1 is baseline?

	
	

	
	



Proposal 3-4
Proposed Conclusion:
There is no consensus on the necessity and benefit to support CLI measurement in guardband.

	
	Company

	Support
	New H3C, DOCOMO, NEC, OPPO

	Not support
	IDC



	Company
	Comments

	IDC
	Premature to conclude in that way. We think there is no need to exclude the case where the CLI measurement resource can be configured in any RBs, compared with general UL transmission or DL reception.

	QC
	At least UE can measure CLI-RSSI in guardband if confined withion its DL-BWP.

	Xiaomi
	We think support CLI measurement in guardband is beneficial.

	Nokia, NSB
	We also think it is beneficial to support CLI measurement in Guardband. As discussed in our TDoc, the benefit of measuring the CLI- RSSI in the Guardband is that it does not require muting any other resources for the measurement.

	
	

	
	



5.3. [Open] 2nd round discussion
Proposal 3-1a
Proposed Conclusion:
For inter-UE inter-subband CLI measurement, SINR can be measured within DL subband where UE measures the signal strength of a DL signal transmitted within a DL subband and interference based on configured resources within the same DL subband.

	
	Company

	Support
	Sony, ZTE, Sharp, NEC

	Not support
	Ericsson, Samsung, Huawei, HiSilicon



	Company
	Comments

	Moderator
	The proposal is updated based on online discussion.

	Ericsson
	We still wish to clarify what are the “configured resources”.

	Samsung
	Agree with Ericsson that the proposed conclusion is a bit too vague. We should try to be more specific about what the configured resources are.

	
	

	
	

	
	

	
	

	
	



Proposal 3-3a
Proposed Conclusion:
For the methods agreed to be studied for inter-UE inter-subband CLI measurement, Method #2 and Method #3 can be used for identifying the aggressor UE(s) if orthogonal resources are allocated for different aggressor UE(s) and provide higher CLI-measurements than leakage measurement in DL-subband and UE receiver blocking detection.
UE can measure RSRP/RSSI within UL subband and receive DL in DL subband(s) simultaneously subject to UE capability, similar to Rel-16 UE capability of ‘cli-SRS-RSRP-FDM-DL-r16’ and ‘cli-RSSI-FDM-DL-r16’. 
The existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband when UL subband is confined within DL BWP.

	
	Company

	Support
	

	Not support
	



	Company
	Comments

	Moderator
	The proposal is updated based on the comments from Qualcomm.

	ZTE
	Fine in general. The wording “higher CLI-measurements” needs more clarification.

	Sharp
	We share the same comment as ZTE.

	Huawei, HiSilicon
	We don’t think the newly added sentence is necessary. The UE capability discussion in the second paragraph is also not needed in SI.

	
	

	
	

	
	

	
	



Proposal 3-4
Proposed Conclusion:
There is no consensus on the necessity and benefit to support CLI measurement in guardband.
	
	Company

	Support
	Samsung

	Not support
	



	Company
	Comments

	Sharp
	This proposal can be discussed with whether the guard band has time domain concept like UL/DL subbands or not.

	
	

	
	

	
	

	
	

	
	

	
	

	
	





6. Contact person
Please provide/update the information of the contact person in the following table to facilitate the discussions.
	Company
	Name
	Email address

	Sony
	Shin Horng Wong
	shinhorng.wong@sony.com

	InterDigital
	Jonghyun Park
	jonghyun.park@interdigital.com

	Sharp
	Tomoki Yoshimura
	yoshimurat@sharplabs.com

	Qualcomm
	Muhammad Abdelghaffar
	mabdelgh@qti.qualcomm.com

	New H3C
	Lei Zhou
	zhou.leih@h3c.com

	New H3C
	Lei Kong
	Kong.lei@h3c.com

	vivo
	Lihui Wang
	wanglihui@vivo.com

	NEC
	Pravjyot Singh Deogun
Li Xincai
	pravjyot.deogun@emea.nec.com
li_xincai@nec.cn

	Xiaomi
	Lei Wang
	wanglei25@xiaomi.com

	OPPO
	Wenfeng Zhang
	zhangwenfeng@oppo.com

	Ericsson
	Stephen Grant
	stephen.grant@ericsson.com

	Spreadtrum
	Huan Zhou
	Huan.Zhou@unisoc.com

	CATT
	Yanping Xing
	xingyanping@catt.cn

	Panasonic
	Hidetoshi Suzuki
Tomoya Nunome
Quan Kuang
	suzuki.hidetoshi@jp.panasonic.com
nunome.tomoya@jp.panasonic.com
Quan.Kuang@eu.panasonic.com

	Intel
	Yi Wang
	yi5.wang@Intel.com

	ITRI
	Jen-Hsien Chen
	itriA40175@itri.org.tw

	Lenovo
	Hyejung Jung
Vijay Nangia
	hyejung@motorola.com
vnangia@motorola.com

	ETRI
	Hoondong Noh
	hoondong.noh@etri.re.kr

	ZTE
	Xingguang WEI
	wei.xingguang@zte.com.cn

	Samsung
	Marian Rudolf
Kyungjun Choi
	m.rudolf@partner.samsung.com
kyungj.choi@samsung.com

	CMCC
	Tuo Yang
Fei Wang
	yangtuo@chinamobile.com wangfei@chinamobile.com

	DOCOMO
	Qiping Pi
	piqp@docomolabs-beijing.com.cn

	WILUS
	David (Geunyoung) Seok
	david.seok@wilusgroup.com

	CEWiT
	Priyanka Dey
	priyanka@cewit.org.in

	Nokia, NSB
	Jingyuan Sun
	Jingyuan.sun@nokia-sbell.com

	Huawei, HiSilicon
	Xinghua Song
	songxinghua@huawei.com

	MediaTek
	Mohammed Al-Imari
	Mohammed.Al-Imari@mediatek.com

	LG Electronics
	Hyunsoo Ko
	hyunsoo.ko@lge.com

	SK Telecom
	Sanghoon Cho
	seanc.cho@sk.com

	KDDI
	Masahito Umehara
	ma-umehara@kddi.com

	TCL
	Shahid Jan
	shahid.jan@tcl.com

	Fujitsu
	Taewoo LEE
Teppei Oyama
	lee.taewoo@fujitsu.com
teppei.oyama@fujitsu.com 

	Apple
	Ali Fakoorian
	sfakoorian@apple.com
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Appendix: Previous agreements of SBFD
RAN1#109-e
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
Study the impact/potential enhancements of resource allocation in symbols with subbands that gNB would use for SBFD operation.

Agreement
At least study SBFD operation within a TDD carrier

Conclusion
For discussion purpose only, SBFD symbols is defined as symbols 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.

Guideline for future meetings
· Note: AI 9.3.3 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for dynamic TDD and schemes that are common for both SBFD and dynamic/flexible TDD.
· Note: AI 9.3.2 handles the potential inter-gNB and inter-UE CLI handling schemes that are specific for SBFD.
RAN1#110
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.
RAN1#110bis-e
Agreement
For SBFD operation at least for RRC_CONNECTED state, it is agreed that SBFD operation Alt 4 is the baseline.
· 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.

Agreement
For semi-static configuration of subband frequency locations for SBFD operation, at least explicit indication of frequency location of UL subband is required.
· FFS: Whether frequency location of other subbands types is explicitly indicated or implicitly determined.

Agreement
Study impact and potential enhancements of CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subbands.

Agreement
Identify if there are any cases of time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE 
· If there are, whether/how to avoid/handle such collision cases (as second step)

Agreement
Study impact/potential enhancements for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency.

Agreement
Study whether SBFD operation in SSB symbols is supported or not.

Agreement
For SBFD operation within a TDD carrier, it is agreed that SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies is the baseline.

Agreement
The maximum number of UL subbands for SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier is one for the study in RAN1.
· The UL subband can be located at one side of the carrier.
· The UL subband can be located at the middle part of the carrier
Note: RAN1 considers the above two possibilities unless RAN4 concludes that any one is infeasible.
Note: Two UL subbands for SBFD operation in an SBFD symbol within a TDD carrier due to SBFD operation in legacy UL symbols is subject to further RAN1 discussions which is 2nd priority as per RAN guidance.
Send an LS to RAN4 to inform the above agreement. If RAN4 has response, it will be taken into account but in the meanwhile, RAN1 work will continue based on the above.
LS on maximum number of UL subbands for duplex evolution to RAN4 is endorsed. Final LS in R1-2210671.

Agreement
For semi-static configuration of subband time locations for SBFD operation, it is agreed that explicit configuration of SBFD subband time locations within a period is the baseline.

RAN1#111
Agreement
For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol

Agreement
For the purpose of RAN1 study, the understanding is that for semi-static configuration of subband frequency locations for SBFD operation, frequency location of UL/DL subband is with reference to CRB grid.

Agreement
Study impact and potential enhancements for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, including at least the following:
· PDCCH, scheduled/configured PUCCH/PUSCH/PDSCH, without repetition in SBFD symbols and non-SBFD symbols
· Scheduled/configured SRS/CSI-RS in SBFD symbols and non-SBFD symbols
· Scheduled/configured TBoMS across SBFD symbols and non-SBFD symbols with or without repetition
· Multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols
· Scheduled/configured PDSCH/PUSCH/PUCCH with repetitions across SBFD symbols and non-SBFD symbols
Note: Inter-slot/intra-slot/inter-repetition/inter-group frequency hopping with DMRS bundling of PUSCH/PUCCH, if applicable, is considered.
Examples of potential enhancements include:
· Resource allocation in frequency domain including frequency hopping
· Resource allocation in time domain
· Power domain
· Spatial domain 
FFS: If the PUCCH/PUSCH/PDSCH/PDCCH can be mapped to SBFD and non-SBFD in the same slot if configured.

Agreement
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study the following options for SBFD aware UEs,
Option 1: 
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
· FFS: Whether DL receptions outside DL subband(s) are allowed or not in the symbol
Option 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol for both options. For all RBs outside the UL subband, UE cannot use separate RBs for DL and UL simultaneously.

Agreement
Study the impact and benefits of potential enhancements to resource allocation in frequency-domain for SBFD operation, considering unaligned boundaries between resource block group(s)/reporting subband(s) and SBFD subbands, including at least the following:
· RBG for PDSCH RA type 0
· CSI reporting configuration
· CSI-RS resource configuration
· PRG of PDSCH

RAN1#112
Agreement
For dynamic SBFD,
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in the symbol configured as flexible in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· UL transmissions outside the semi-statically configured UL subbands are not allowed
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed
· UL transmissions outside the semi-statically configured UL subbands are allowed
Dynamic SBFD should be compared with dynamic TDD and/or semi-static SBFD in terms of performance, implementation complexity, switching latency.
For each option, additional conditions may apply to determine whether the option is applicable.

Agreement
Study whether or not a slot can consist of both SBFD and non-SBFD symbols including
· Benefits
· Use cases
· Scheduling flexibility
· Implementation complexity 
· Compatibility with legacy TDD DL/UL configuration

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


Agreement
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols)
· Study the following options for SBFD-aware UEs:
· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols include the following:
· PDSCH/PUSCH/PUCCH repetitions
· SPS PDSCH/CG PUSCH
· TBoMS
· Multi-PUSCH/PDSCH scheduled by a single DCI
· Periodic/semi-persistent SRS/CSI-RS/PUCCH
· PDCCH

Agreement
For SBFD-aware UEs, study the at least following options for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands. For an RBG that overlaps the subband boundary,
· Option 1: 
· Part of the DL RBG inside the DL subband can be used
· Part of the UL RBG inside the UL subband can be used
· Option 2: 
· Part of the DL RBG inside the DL subband cannot be used
· Part of the UL RBG inside the UL subband cannot be used
FFS: The part of the RBG outside.

Agreement
For SBFD-aware UEs, study at least the following issues for PDSCH:
· PRG(s) with size of 2 and 4 that overlaps with subband boundary 
· Wideband precoder in case of non-contiguous DL subbands

Agreement:
Study the frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs considering the following options:
· Option 1: Two contiguous CSI-RS resources that are linked
· Option 2: One CSI-RS resource
· Option 2-1: Non-contiguous CSI-RS resource allocation
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) 

Agreement:
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS, at least, across SBFD symbols and non-SBFD symbols in different slots (each CSI-RS resource within a slot has either all SBFD or all non-SBFD symbols):
· Option 1: separate CSI reporting for SBFD symbols and non-SBFD symbols
· Option 2: same CSI reporting for SBFD symbols and non-SBFD symbols

Agreement:
Study at least the followings for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots:
· Whether/how to have separate resources 
· Whether/how to have separate FH parameters
· Whether/how to have separate UL power control parameters 
· Whether/how to have separate beam/spatial relation 

RAN1#112bis-e
Conclusion
The following RAN1 observation is made:
One motivation for allowing that a slot can consist of both SBFD and non-SBFD symbols is for compatibility with symbol-level TDD UL/DL configuration.
Frequent switching between SBFD and non-SBFD symbols may increase the implementation complexity and interruptions of transmissions/receptions during transition. 
· Further study whether limitation(s) on the maximum number of switching points between SBFD and non-SBFD symbols within a slot, a TDD UL/DL pattern period, and/or semi-static SBFD configuration period (if different from TDD UL/DL pattern period) are needed
· Further study scenarios a guard period between SBFD and non-SBFD symbols is required/not required and the length of the guard period if required
Note: Whether or not a physical channel/signal occasion is mapped to both SBFD and non-SBFD symbols within a slot is a separate discussion.

Agreement
At least for semi-static SBFD, the following two options are viable solutions for frequency location configuration of DL subband(s) and guardband(s) if any.
· Option 1: Frequency locations of DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s). 
· Option 2: The number of RBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).

Agreement
If PRG is determined as wideband, study the following two options:
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
· FFS: Precoding assumption within and across the two DL subbands
· Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
The study should include the impact on UE complexity

Agreement
For UE-to-UE CLI-RSSI measurement/report across downlink subbands, study the following methods:
· Method#1: separate CLI-RSSI measurement resources/reports in each DL subband
· Note: supported in existing specifications
· Method#2: CLI-RSSI measure/report in one DL subband only
· Note: supported in existing specifications
· Method#3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
· FFS: report single or separate CLI-RSSI report(s) 
· FFS: details on determination of non-contiguous CLI-RSSI resource allocation 

Agreement
Endorse the text proposal in R1-2303639 for the TR with the following update.
	6.1.1.3  SBFD operation in symbols configured as flexible in TDD-UL-DL-ConfigCommon
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the following optionsalternatives are studied for SBFD aware UEs,
OptionAlt 1: 
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
· FFS: Whether DL receptions outside DL subband(s) are allowed or not in the symbol
OptionAlt 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol




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
For semi-static SBFD, a SBFD aware UE does not transmit UL channels/signals or receive DL channels/signals on the guardband(s) that the UE is aware of.
· FFS: Measurement in guardband for the purpose of CLI measurement

Agreement
· For semi-static SBFD, for a CSI-RS resource which overlaps with SBFD subband boundaries, only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE.
· For semi-static SBFD, for a CSI reporting subband which overlaps with SBFD subband boundaries, CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s).

Conclusion
For the two options agreed in RAN1#112 for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), the following observations are agreed.
· Option 1 can be achieved by gNB configuration or scheduling to ensure that all transmission/reception occasions are confined to either SBFD symbols or non-SBFD symbols. Alternatively, Option 1 can be achieved by additional indication or rules to determine the transmission/reception occasions are valid within one symbol type and are invalid within the other symbol type.
· The frequency resources, power control and beam/spatial relation for all the transmission/reception occasions can be the same for Option 1 but may be different for Option 2. If different, it may require additional specification efforts.
· Option 1 may or may not increase the transmission/reception latency if the transmission/reception in the other symbol type is postponed and may degrade the performance if the transmission/reception in the other symbol type is dropped. Option 2 may or may not reduce the transmission/reception latency and improve coverage.

Agreement
For inter-UE inter-subband CLI measurement, study Method#2 and Method#3 considering:
· Necessity/benefit compared with measurement within DL subband
· Whether/how to estimate CLI from RSRP/RSSI measurements within UL subband / guardband
· Whether UE is required to measure RSRP/RSSI within UL subband and receive DL in DL subband(s) simultaneously
· Whether existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband
· If not, identify the potential impact

Conclusion
Time misalignment at gNB between UL receptions and DL transmissions due to configuration of non-zero NTA,offset at UE can lead to increased interference assuming no gNB transmit chain side impairments and no filtering of DL subband(s) in the gNB Rx chain.
· FFS the case with gNB transmit chain impairments and/or filtering of DL subband(s) in the gNB Rx chain
· FFS whether/how to mitigate the interference increase, including impact to legacy UEs

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

Agreement
Study whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE, and whether a UE can transmit/receive in the occasion mapped to SBFD symbols and non-SBFD symbols including:
· Use-case(s) including the locations and number of switching points of the SBFD and non-SBFD symbols in the slot.
· Potential benefits if any
· Phase continuity
· Potential interruption of transmissions/receptions during transition
· Required guard time if any
· Potential impact on performance
· Impact on link adaptation, channel estimation, and other procedures
· UL transmission timing if any
· Implementation complexity
· Applicability for SBFD aware UE and non-SBFD aware UEs
· NOTE: There are more than one scenario where a transmission overlaps SBFD and non-SBFD symbols and some may or may not face the aspects listed above
· NOTE: This study doesn’t mean RAN1 agreement on a slot consisting of SBFD and non-SBFD symbols. 

Conclusion
For the options agreed to study in RAN1#112 for frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, the following observations are agreed.
· For all the options, there is no impact on CSI-RS sequence generation.
· Option 1 requires additional signalling to link two CSI-RS resources in two DL subbands. 
· Option 2-1 requires new RRC structure to configure non-contiguous RBs for one CSI-RS resource, which may require additional signalling overhead. 
· Option 2-2 can reuse the existing signalling design for CSI-RS resource configuration. Option 2-2 can be used to resolve the potential unaligned boundaries between CSI-RS resource configuration and SBFD subbands
· Further discussion is required on the UE complexity due to:
· UE capability of maximum number of configured CSI-RS resources
· Processing non-contiguous CSI-RS

Agreement
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity is such that CSI-RS instances occur in both SBFD and non-SBFD symbols:
· Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
· Option 1-1: One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only;
· Option 1-2: Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
· Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
· Option 2-1: One CSI-ReportConfig is associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively. Separate CSI measurements are derived based on the first and second CSI-RSs respectively.
· Option 2-2: One CSI-ReportConfig is associated with one CSI-RS. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances.
· FFS impact on UE CSI processing and reporting timeline
Note: Whether the CSI-RS resource can be used for SBFD and non-SBFD symbols may depend on, e.g., gNB implementation of same/different antenna configuration in both symbols. 
Option 1-1 can be supported according to existing specification by gNB configuration of appropriate periodicities to ensure that the CSI-RS associated with each CSI-ReportConfig is confined to either SBFD symbols or non-SBFD symbols only. But it may restrict the gNB configuration flexibility and enhancements can be considered by additional indication or rules to determine the CSI-RS is valid within one symbol type and is invalid in the other symbol type.
Option 2-2 can be supported according to existing specification to configure measurement restriction so that UE would not average CSI measurements across SBFD and non-SBFD symbols.

Agreement
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), if the transmissions/receptions can be in SBFD symbols and non-SBFD symbols with different available resources, study at least the following frequency resource allocation options for PDSCH, CSI-RS, PUSCH, PUCCH, SRS for SBFD-aware UE:
· Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 
· Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots
· Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 
· Option 1-3: single FDRA configuration/indication and RB offset(s)
· Option 2: Perform rate matching or puncturing on the RBs outside DL/UL subbands for DL/UL channels/signals. 
· Option 3: A DL/UL channel/signal overlapping with RBs outside DL/UL subbands in a SBFD slot is dropped or postponed.
Note: Different options can be studied for different signals/channels.

Agreement
For the case that: 
(e) The monitoring periodicity of a search space is such that different monitoring occasions in different slots occur in SBFD and non-SBFD symbols, respectively, and,
(f) The associated CORESET overlaps the boundary of a DL subband in SBFD symbols
Consider whether/how the above could be supported considering both existing tools in specifications on CORESET and search space configuration as well as at least the following options for potential enhancement for SBFD-aware UE:
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
· Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
Note: Whether these enhancements are applicable to only USS or also CSS
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