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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
In RAN#102 meeting, a new WID on NR duplex evolution was endorsed [1]. The objective of this work item is to standardize the operation of subband non-overlapping full duplex (SBFD) at the gNB side within a TDD carrier, which includes specifying the time and frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode, supporting random access in SBFD symbols, and defining UE transmission/reception, measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols. In this contribution, we provide our views on the Rel-18 remaining issues and the new issues of SBFD operation.
Semi-static indication of time and frequency resources 
In WID for SBFD operation, it is mentioned to specify the semi-static indication of the time and frequency location of SBFD subbands to the UE. However, before going into the signaling details, it may necessary to consider the time and frequency domain parameters for SBFD operation as given below.
Time domain parameters 
Time offset: To specify the starting location of SBFD operation in the time domain, symbol-level and slot-level time offsets can be used. Symbol-level time offset specifies the starting location of SBFD operation within a slot, and slot-level time offset specifies the location of SBFD operation within a TDD period as shown in figure 1. The value of slot level time offset may depends on the number of slots in the TDD period. For instance, if a TDD period has n slots and the slot-level offset is set to 1, the SBFD operation will start from the 2nd slot within the TDD period. Both symbol level and slot level time offsets can be provided to the SBFD aware UE in the configuration of SBFD operation. 


Figure 1 Symbols level and slots level time offset of SBFD operation within a TDD period 
SBFD period: The time period of SBFD operation is necessary to define, otherwise the SBFD aware UE may assume that the SBFD operation is configured for an unlimited time duration. Two types of time periods can be used for SBFD operation: time period in milliseconds which refers to SBFD operation time period within a TDD period, and time period in symbols which refers to the number of symbols in a slot for which the SBFD operation is configured as shown in Figure 2. The milliseconds based time period should be align with the existing TDD period, such as within the range of {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10}. Furthermore, a mapping table of SBFD time period and TDD time period can be used to avoid misalignment between the SBFD period and TDD period. 



Figure 2 SBFD period within a slot and SBFD period within a TDD period 

Observation 1: Symbol-level time offset of SBFD operation can specifies the starting location of SBFD operation within a slot, and slot-level time offset specifies the location of SBFD operation within a TDD period. 
Observation 2: It may be necessary to consider a time period for SBFD operation; otherwise, the SBFD-aware UE may assume that SBFD operation is configured for unlimited time.
Observation 3: Defining a configurable time period for SBFD operation within the range of the TDD period can help to avoid misalignment between the SBFD operation and the TDD in time domain. 
Proposal 1: RAN1 to consider the time offset and time period in the configuration of SBFD operation within a TDD period. 
Frequency domain parameters 
In Rel-18, it was agreed that SBFD-aware UEs should know both the time and frequency locations of subbands for SBFD operation [2]. However, there was no agreement on the size or bandwidth of SBFD subbands. If the size of SBFD subbands is left to the gNB implementation, there may be mismatches between the boundaries of SBFD subbands and the size of RBGs, CSI report subbands, PRGs, and SRS subbands (in case FH is enabled). This may require a lot of specification work to solve the boundary mismatch issues. To avoid these issues and reduce the required specification effort, a configurable size for SBFD DL and UL subbands within a TDD carrier or BWP can be studied. The size of the SBFD subbands should be align with the size of RBGs, CSI-report subbands, PRGs, SRS subbands, or any other channel to avoid mismatches and reduce the required signaling.
Observation 4: Leaving the size or bandwidth of subbands to the gNB implementation may result in mismatches between the size of SBFD subbands with the size of RBGs, CSI report subbands, PRGs, and SRS subbands. 
Proposal 2: RAN1 to consider configurable size of DL and UL subbands. 
Semi-static signaling of time and frequency resources of SBFD operation
In Rel-18, it was agreed that UL subbands can be configured in DL or flexible symbols/slots [2]. However, the signaling to configure SBFD operation to the SBFD aware UE was not standardized. One common view among the companies were to use the existing semi-static cell common signaling, such as TDD-UL-DL-ConfigCommon, to configure the time and frequency location of SBFD subbands to the SBFD aware UE. In our view, reusing the existing cell common signaling to configure the time and frequency location of SBFD subbands to the SBFD aware UE may mislead the legacy UEs about the TDD slot format, especially if the SBFD operation is configured in flexible TDD symbols. This can result in collisions between legacy UEs transmitting in the UL direction and SBFD UEs transmitting in the DL direction. Therefore, other options for semi-static configuration of time and frequency domain parameters of SBFD operation need to be considered as explained below. 
1. The existing cell common signaling, such as TDD-UL-DL-ConfigCommon, can be used to configure the TDD slot format for all UEs in a cell, and SIB-based signaling or new RRC signaling can be used to configure SBFD operation, including the time location and its parameters, and the frequency location and its parameters of the SBFD subbands to the SBFD aware UE.
2. SIB-based signaling can be used to configure the TDD slot format, which aligns with the TDD slot format of TDD-UL-DL-ConfigCommon in a cell, the time location and its parameters, and the frequency location and its parameter of the SBFD subbands to the SBFD aware UE.
3. New RRC group common signaling can be used to configure the TDD slot format, which aligns with the TDD slot format of TDD-UL-DL-ConfigCommon, as well as the time location and frequency location of SBFD subbands to the SBFD aware UE.
Observation 5: Reusing the existing cell common signaling (TDD-UL-DL-ConfigCommon) to configure the time and frequency location of SBFD subbands to the SBFD aware UE may mislead legacy UEs about the TDD slot format, especially if SBFD operation is configured in flexible TDD symbols.
Proposal 3: To configure the time and frequency resources of the SBFD operation to the SBFD aware UE, the following semi-static signaling options can be studied:
· TDD-UL-DL-ConfigCommon can be used for indication of TDD slot format and SIB or new RRC signaling can be used for configuration of time/frequency resources of SBFD subbands.
· SIB can be used for configuration of both TDD slot format and time/frequency resources of SBFD subbands.
· New RRC signaling can be used for configuration of both TDD slot format and time/frequency resources of SBFD subbands.
Legacy UEs operation in SBFD symbols 
When an SBFD-aware UE is configured with semi-static SBFD operation in flexible symbols, it can cause misunderstanding for the legacy UEs in DL subbands. This is because legacy UEs may use the same flexible symbols for UL transmission, leading to collisions between UL transmissions from legacy UEs and DL transmissions from SBFD UEs. To prevent such collisions, we propose to study the behavior of legacy UEs in SBFD symbols. In our view, there are two possible options as explained below 
· In case, if legacy UEs are not allowed to perform any DL reception or UL transmission in SBFD symbols/slots, collisions between legacy UEs and SBFD-aware UEs can be effectively prevented without requiring enhancements to the physical channels. However, this option limits the transmission capabilities of legacy UEs in SBFD symbols/slots, which can negatively impact their performance in DL reception and UL transmission.
· If legacy UEs are allowed to perform DL reception or UL transmission in SBFD symbols, the handling of collisions between opposite direction transmissions from legacy UEs and SBFD-aware UEs can depend on the SBFD configuration in DL or flexible symbols. For instance, if SBFD operation is configured in symbols that are configured as DL in TDD-UL-DL-ConfigCommon, whether to allow the legacy UE to transmit/receive in the SBFD symbols can be left to the gNB implementation. However, if SBFD operation is configured in symbols that are configured as Flexible in TDD-UL-DL-ConfigCommon, it may require to define a procedure that determine whether legacy UEs are allowed to transmit/receive in the SBFD symbols.

Observation 6: If legacy UEs are not allowed to transmit/receive in SBFD symbols, it may increase their latency in DL and UL transmission and negatively impact their performance. 
Observation 7: If legacy UEs are allowed to transmit/receive in SBFD symbols, which are configured as flexible in TDD-UL-DL-ConfigCommon, there is a possibility of transmission collision between the SBFD-aware UEs and legacy UEs.
Proposal 4: RAN1 to study legacy UEs operation/behavior in SBFD symbols.  
SRS enhancement in SBFD symbols
According to the current specification TS 38.214, SRS is transmitted periodically with a predefined slot level periodicities and offsets as defined by higher layer parameters periodicityAndOffset-p. If SRS is configured in the UL subband, the network may set the periodicity in a way that the SRS occasion may occurs in both SBFD and non-SBFD symbols. In other words, the SRS may occur in SBFD symbols in a slot configured with SBFD operation, and its periodic counterpart may occur in non-SBFD symbols in a slot where legacy TDD operation is configured. In addition, a single instance of SRS in more than one symbols may cross the boundary of SBFD symbols and occur in both SBFD and non-SBFD symbols within the same slot, and its periodic counterpart may occur in non-SBFD symbols.
Due to the difference in bandwidth of SRS subbands and FH of SRS between SBFD and non-SBFD symbols, the existing configuration may not be appropriate to configure SRS with periodicity that can occur in both SBFD and non-SBFD symbols. To address this issue, there are two possible solutions as given below: 
· Two configurations of SRS can be considered, with one configuration associated with SBFD symbols and the other with non-SBFD symbols. Each configuration can have different SRS parameters (bandwidth and FH) based on the bandwidth of the UL subband and the DL BWP bandwidth, respectively. 
· One configuration of SRS can be considered, that is associated with SRS occurring in both SBFD symbols and non-SBFD symbols. However, this configuration may include two sub-configurations of SRS, where one sub-configuration is associated with SRS occurring in SBFD symbols, and the second sub-configuration is associated with the SRS occurring in non-SBFD symbols.

Observation 8: The existing configuration of SRS may not be suitable for configuring SRS with periodicity that can occur in both SBFD and non-SBFD symbols due to the difference in bandwidth of SRS subbands and FH of SRS. 
Proposal 5: Study the following options for configuration of SRS in SBFD and non-SBFD symbols:
· Two configurations of SRS, one for SRS in SBFD symbols and the other for SRS in non-SBFD symbols.
· One configuration of SRS with separate parameters for SRS in SBFD symbols and non-SBFD symbols. 

Interleaved VRB-to-PRB mapping in SBFD symbols 
Interleaved VRB-to-PRB mapping is used to allocate modulated and pre-coded symbols to PRBs in a non-sequential and dispersed manner, which helps resist frequency selective fading during PDSCH transmission. The current specification uses 2 and 4 RBs bundles for this mapping. However, if interleaved VRB-to-PRB mapping is enabled for PDSCH transmission in SBFD symbols, there is a high possibility that the VRB bundle may be mapped to a PRB bundle in the UL subband, causing an overlap with its frequency resources. This could potentially disturb PDSCH transmission and cause collisions with PUSCH transmission in the same frequency resources. Therefore, we propose to further study the interleaved VRB-to-PRB mapping for PDSCH transmission in SBFD symbols.
Observation 9: Interleaved VRB-to-PRB mapping for PDSCH transmission in SBFD symbols may result in VRB mapping to PRBs that are assigned to the UL subband.
Proposal 6: RAN1 to study interleaved VRB-to-PRB in SBFD symbols. 
Remaining issues of SBFD operation
Granularity of SBFD operation in time domain
Regarding the granularity of SBFD operation in time domain, an agreement was achieved in Rel-18 which highlight the benefits of a slot consisting of both SBFD and non-SBFD symbols, such as scheduling flexibility, compatibly with legacy TDD DL/UL configuration. However, it was not decided whether or not a slot can consist of both SBFD and non-SBFD symbols. We support the idea that a slot contains both SBFD and non-SBFD symbols. However, to avoid maximum switching between SBFD and non-SBFD operations within a slot, consecutive SBFD symbols within a time slot should be considered.
Furthermore, in Rel-18 it was agreed that maximum of two transition points, including one from non-SBFD symbols to SBFD symbols and one from SBFD symbols to non-SBFD symbols, should be considered within a TDD UL/DL pattern period. However, this may limit the gNB's flexibility to switch between non-SBFD and SBFD operations over a long period. Therefore, it may be more appropriate to specify the maximum number of transition points between non-SBFD and SBFD symbols on a per-slot basis rather than for a longer TDD UL/DL period. This would allow for more flexibility in switching between non-SBFD and SBFD operations.
Observation 10: The maximum number of two transition points between non-SBFD and SBFD symbols for a longer period of TDD UL/DL (up to 10ms) reduces the gNB flexibility. 
Proposal 7: Consider both SBFD and non-SBFD symbols in a slot, where the SBFD symbols are contiguous in a slot. 
Proposal 8: The maximum of two transition points between non-SBFD and SBFD symbols is within a single slot. 
Transition time between SBFD and non-SBFD symbols
A transition time may only be necessary on the gNB side when switching between SBFD and non-SBFD symbols. This is because the gNB may need to switch some antenna ports or RF chains from DL transmission to UL reception when switching from non-SBFD to SBFD operation. Therefore, a proper Rx-Tx and Tx-Rx switching time needs to be designed.
One simple solution could be based on reserving a set of antenna ports/RF chains for Tx transmission and another set for Rx reception for a TDD UL/DL time period in which SBFD operation is configured. This may eliminate the need for transition time to switch between non-SBFD and SBFD operation in both semi static SBFD and dynamic SBFD. An alternative solution could be to use the TA offset as a transition time between non-SBFD and SBFD operation and reuse the N_Tx-Rx time of TS 38.211, as given in Table 1 between SBFD and non-SBFD operation, as illustrated in Figure 3. In case the TA offset is considered as zero for transmission in UL subband, the transition time can be based on the gNB implementation, and the gNB could utilize the UL transmission delay as a transition time between non-SBFD operations to SBFD operation at the gNB side, as shown in Figure 4.
Table 1 38.211 - Table 4.3.2-3: Transition time NRx-Tx and NTx-Rx
	Transition time
	FR1
	FR2

	
	25600
	13792

	
	25600
	13792





Figure 3 TA offset and N_Tx-Rx based transition time between SBFD and non-SBFD operation 



Figure 4 UL transmission delay used as transition time between non-SBFD and SBFD operation  
Observation 11: The transition time between SBFD and non-SBFD operation may only be required on gNB side. 
Proposal 9: The transition time between SBFD and non-SBFD operation may use one of the following options based on gNB implementation 
· Reserving antenna ports for DL and UL transmission for a period of SBFD
· Using TA offset and N_Tx-Rx as the transition time 
· Utilizing the UL transmission delay as the transition time 

Transmission/reception across SBFD and non SBFD symbols within a slot for a UE
Regarding the physical channel/signal mapping to SBFD and non-SBFD symbols within a slot, the following two options were studied in Rel-18 [2]. 
· Option 1: UE does not transmit or receive the physical channel/signal within the slot.
· Option 2: UE can transmit or receive the physical channel/signal within the slot only under certain conditions.
In our view, the potential benefits for option 2 is to reduce the transmission latency especially in case of PDCCH or PUCCH repetition. For instance, if a UE miss the detection of PDCCH in the non SBFD symbols, it need to wait for another monitoring occasion for PDDCH in the upcoming slot. If UE can transmit or receive the physical channel/signal within the slot, the repetition can also be performed in the same monitoring occasions. In case of PUSCH repetition configured for the UE, in option 2, the UL budget can be improved. This is because the maximum symbols in a slot can be used for PUSCH transmission in slot, which is also aligned with objective of study item. Moreover, for option 2, there may not be a significant interruption of transmission/reception during the transition because the transmission direction configured or indicated to a UE or group of UEs is either UL or DL. 
[bookmark: _GoBack]Regarding the condition for option 2, such as phase distortion, it occurs due to the difference in bandwidth between non SBFD and SBFD symbols. However, since the phase distortion occurs in different symbols in the time domain, equalization and phase correction techniques can be employed at the UE side to mitigate these effects
Observation 12: A UE transmits or receives the physical channel/signal within a slot can:  
· Reduce the transmission latency, and improve the UL budget for PUSCH repetition 
· Allow uninterrupted transmission/reception during transitions between the SBFD and non-SBFD symbols. 
· Can handle Phase distortion, using equalization and phase correction techniques at the UE side.

Proposal 10: For a physical channel/signal occasion mapped to SBFD and non-SBFD symbols within a slot, support Option 2: UE can transmit or receive the physical channel/signal within the slot. 

Conclusion
In this contribution, we discussed the semi-static indication of time and frequency resources to the SBFD-aware UE, its signaling details, the operation of legacy UEs in SBFD symbols, periodic SRS transmission in SBFD and non-SBFD symbols, the granularity of SBFD operation in the time domain, and physical channel mapping to SBFD and non-SBFD symbols within a slot or in different slots. We made the following observations and proposals.
Observation 1: Symbol-level time offset of SBFD operation can specifies the starting location of SBFD operation within a slot, and slot-level time offset specifies the location of SBFD operation within a TDD period. 
Observation 2: It may be necessary to consider a time period for SBFD operation; otherwise, the SBFD-aware UE may assume that SBFD operation is configured for unlimited time.
Observation 3: Defining a configurable time period for SBFD operation within the range of the TDD period can help to avoid misalignment between the SBFD operation and the TDD in time domain. 
Observation 4: Leaving the size or bandwidth of subbands to the gNB implementation may result in mismatches between the size of SBFD subbands with the size of RBGs, CSI report subbands, PRGs, and SRS subbands. 
Observation 5: Reusing the existing cell common signaling (TDD-UL-DL-ConfigCommon) to configure the time and frequency location of SBFD subbands to the SBFD aware UE may mislead legacy UEs about the TDD slot format, especially if SBFD operation is configured in flexible TDD symbols.
Observation 6: If legacy UEs are not allowed to transmit/receive in SBFD symbols, it may increase their latency in DL and UL transmission and negatively impact their performance. 
Observation 7: If legacy UEs are allowed to transmit/receive in SBFD symbols, which are configured as flexible in TDD-UL-DL-ConfigCommon, there is a possibility of transmission collision between the SBFD-aware UEs and legacy UEs.
Observation 8: The existing configuration of SRS may not be suitable for configuring SRS with periodicity that can occur in both SBFD and non-SBFD symbols due to the difference in bandwidth of SRS subbands and FH of SRS. 
Observation 9: Interleaved VRB-to-PRB mapping for PDSCH transmission in SBFD symbols may result in VRB mapping to PRBs that are assigned to the UL subband.
Observation 10: The maximum number of two transition points between non-SBFD and SBFD symbols for a longer period of TDD UL/DL (up to 10ms) reduces the gNB flexibility. 
Observation 11: The transition time between SBFD and non-SBFD operation may only be required on gNB side. 
Observation 12: A UE transmits or receives the physical channel/signal within a slot can:  
· Reduce the transmission latency, and improve the UL budget for PUSCH repetition 
· Allow uninterrupted transmission/reception during transitions between the SBFD and non-SBFD symbols. 
· Can handle Phase distortion, using equalization and phase correction techniques at the UE side.

Proposal 1: RAN1 to consider the time offset and time period in the configuration of SBFD operation within a TDD period. 
Proposal 2: RAN1 to consider configurable size of DL and UL subbands. 
Proposal 3: To configure the time and frequency resources of the SBFD operation to the SBFD aware UE, the following semi-static signaling options can be studied:
· TDD-UL-DL-ConfigCommon can be used for indication of TDD slot format and SIB or new RRC signaling can be used for configuration of time/frequency resources of SBFD subbands.
· SIB can be used for configuration of both TDD slot format and time/frequency resources of SBFD subbands.
· New RRC signaling can be used for configuration of both TDD slot format and time/frequency resources of SBFD subbands.
Proposal 4: RAN1 to study legacy UEs operation/behavior in SBFD symbols.  
Proposal 5: Study the following options for configuration of SRS in SBFD and non-SBFD symbols:
· Two configurations of SRS, one for SRS in SBFD symbols and the other for SRS in non-SBFD symbols.
· One configuration of SRS with separate parameters for SRS in SBFD symbols and non-SBFD symbols. 

Proposal 6: RAN1 to study interleaved VRB-to-PRB in SBFD symbols. 
Proposal 7: Consider both SBFD and non-SBFD symbols in a slot, where the SBFD symbols are contiguous in a slot. 
Proposal 8: The maximum of two transition points between non-SBFD and SBFD symbols is within a single slot. 
Proposal 9: The transition time between SBFD and non-SBFD operation may use one of the following options based on gNB implementation 
· Reserving antenna ports for DL and UL transmission for a period of SBFD
· Using TA offset and N_Tx-Rx as the transition time 
· Utilizing the UL transmission delay as the transition time 

Proposal 10: For a physical channel/signal occasion mapped to SBFD and non-SBFD symbols within a slot, support Option 2: UE can transmit or receive the physical channel/signal within the slot. 
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  Figure  1   Symbols level and slots level time offset of SBFD operation within   a TDD period    SBFD period:   The  time  period of SBFD operation is necessary to define, otherwise the SBFD aware UE  may assume that the SBFD  operation  is configured for an unlimited time duration.   Two types of  time  periods can be  used  for SBFD operation : time period  in milliseconds   which refers to SBFD operation time  period within a TDD period ,   and  time  period in symbols   which refers to the number of symbols in a slot  for which  the SBFD  operation is configured as shown in Figure 2 . The  millisecond s   based  time period  s hould  be  align with the   existing   TDD period ,   such as within the range  of {ms0p5, ms0p625, ms1, ms1p25,  ms2, ms2p5, ms5, ms10}.  Furthermore, a   mapping table  of SBFD time period and TDD time period  can  be used to avoid misalignment between   the SBFD period and TDD perio d .     

