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1. [bookmark: _Ref521334010]Introduction
In the RAN1 #116 meeting, SBFD TX/RX/ measurement procedures in Rel.19 evolution of NR duplex operation was discussed. Some agreements were made as below [1].

Agreement
For RRC connected mode UEs, at least cell-specific configuration on time and frequency (working assumption) location of SBFD subbands is supported within a TDD carrier.
· FFS: Additional support of UE-specific configuration on time and/or frequency locations of SBFD subbands

Agreement:
For RRC connected mode UEs, SBFD subband time locations are configured within a period. At least when only one TDD-UL-DL pattern is configured, the period is down-selected from one of the following options.
· Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· Option 2: The period is integer multiple of TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· FFS: Further details
FFS: Details when two TDD-UL-DL patterns are configured

Agreement
A slot can consist of SBFD symbols and non-SBFD symbols.

Agreement:
The maximum number of UL subbands for SBFD operation in an SBFD symbol within a TDD carrier is one.
The UL subband can be located at one side of the carrier or can be located at the middle part of the carrier.
For semi-static indication of SBFD subband frequency location, down-select from the following options.
· Option 1: Frequency locations of UL subband and 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: Frequency location of UL subband and the number of RBs for guardband(s), if any, are explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).


Agreement
A slot can consist of SBFD symbols and non-SBFD symbols.
For semi-static indication of SBFD subband time location,
· When only one TDD-UL-DL pattern is configured, SBFD symbols are configured in consecutive manner within a TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for only one of the patterns, SBFD symbols are configured in consecutive manner within the TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for both patterns, SBFD symbols are configured in consecutive manner within each TDD-UL-DL pattern period.
· SBFD symbols are configured in DL and/or flexible symbols configured in TDD-UL-DL-ConfigCommon
· The configured SBFD symbols can start from any symbol within a slot and can end in any symbol within a slot.
· referenceSubcarrierSpacing in TDD-UL-DL-ConfigCommon is used as reference SCS.
· FFS details

Agreement
The subband frequency-domain resources are same across different SBFD symbols within a TDD carrier. Frequency location of cell specific UL subband, and DL subband(s) if explicitly indicated, are indicated with reference to CRB grid.
· RB-level granularity is supported for semi-static indication of SBFD subband frequency location.
· Subject to RAN4 guidance on the size of subband/guardband, if any
· FFS reference starting RB and reference SCS

Agreement
For discussion purpose, UL subband frequency resources within active UL BWP are called UL usable PRBs and DL subband(s) frequency resources within active DL BWP are called DL usable PRBs.
For determining UL/DL usable PRBs, consider the following options.
· Option 1: UL usable PRBs are determined as intersection between cell-specific UL subband and active UL BWP in SBFD symbols. DL usable PRBs are determined as intersection between cell-specific DL subband(s) and active DL BWP in SBFD symbols.
· Option 2: UL/DL usable PRBs are explicitly configured within active UL/DL BWP in SBFD symbols.

Agreement
For SBFD-aware UE transmission and reception in the SBFD symbols configured in DL and/or flexible in TDD-UL-DL-ConfigCommon, 
· UL transmissions within UL usable PRBs are allowed
· FFS SSB symbols
· DL receptions within DL usable PRBs are allowed
· UL transmissions outside UL usable PRBs are not allowed
· DL receptions outside DL usable PRBs are not allowed
· This restriction is not applicable for CLI measurement
CLI measurement behaviours for SBFD-aware UE are discussed in agenda item 9.3.3.
RAN1 to discuss SBFD aware UE behaviors in SBFD symbols with interaction with legacy TDD slot configuration indications via TDD-UL-DL-ConfigDedicated and SFI in DCI format 2_0
· DCI format 2_0 cannot be used to revert SBFD symbol to non-SBFD symbol

Agreement
For SBFD-aware UE transmission and reception in an SBFD symbol, consider the following options to determine link direction, i.e. whether to transmit or to receive in the SBFD symbol. 
· Option 1: UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).
· Option 2: link direction is indicated by gNB explicitly.
Other options are not precluded. 

Agreement:
For SBFD-aware UEs, collisions between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol may be addressed or alleviated with proper scheduling. The following cases of potential collisions, [if link direction indication is not supported or provided], can be further studied to see if any change to the current specs is necessary:
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· e.g., dynamic PDSCH or CSI-RS collides with configured SRS, PUCCH, or CG PUSCH
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5: SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
· Case 6: Dynamic or semi-static DL vs. valid RO
Note: In addition to collision between UL transmission and DL reception in the same SBFD symbol(s), collision between UL transmission and DL reception in different symbol(s) due to lack of sufficient transition time between Tx/Rx at UE side is also included.

In this contribution, we further provide our considerations on SBFD TX/RX/ measurement procedures.
2. Semi-static/dynamic SBFD

2.1 Semi-static resource allocation
Based on the WID [1], in order to reduce inter-gNB and inter-UE CLI (Cross-link interference), resource allocation across cells is easily configured consistently by semi-static subband resource allocation method. This can efficiently reduce co-frequency interference between cells. Semi-static subband resource allocation method mainly uses semi-static frequency division to distinguish DL and UL resources by sub-band (including at least 1 RB/1RBG) within one TDD time slot. DL and UL time domain resources within one TDD time slot can be configured by SLIV. Semi-static subband resource allocation between multiple cells is shown in Figures 1. As shown in Figure 1, Cell1 and Cell2 use the same frame structure and the same time/frequency resource allocation for full duplex time slots. DL and UL time domain resource allocations for cell 1 and cell2 are the same as the length of one time slot.
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Figure 1 Semi-static subband resource allocation between multiple cells

Proposal 1: Support semi-static resource allocation for evolution of NR duplex operation by RRC signalling.

Regarding semi-static resource allocation on SBFD, DCI can be used to activate/deactivate semi-static SBFD time-frequency resource allocation or modify semi-static SBFD time-frequency resource allocation as shown in Figure 2.

 Figure 2 Semi-static SBFD resource allocation with DCI indication on activation/deactivation and modification

Proposal 2: Support semi-static resource allocation with DCI indication on activation/deactivation and modification mechanism.

2.2 Dynamic resource allocation
If gNB does not enable semi-static resources for duplex operation,  gNB could use DCI (downlink control indication) to dynamically schedule UE to send or receive DL/UL data within one TDD full duplex mode slot. As shown in Figure 3, no overlapping the DL/UL resources are allocated for multiple UEs and coordination between cells is required to reduce co-frequency intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex among the cells.


Figure 3 Dynamic subband resource allocation 

Proposal 3: Support dynamic resource allocation and coordination between cells for evolution of NR duplex operation.

Regarding dynamic resource allocation on SBFD, DCI can be used to indicate one-shot/semi-persistent SBFD time-frequency resource allocation in order to adapt to DL/UL traffic change as shown in Figure 4.


Figure 4 Dynamic SBFD resource allocation by DCI indication

Proposal 4: Support one-shot/semi-persistent SBFD dynamic resource allocation by DCI.
3. Time and frequency location of SBFD
This contribution introduce two kinds of subband resource allocation including semi-static resource allocation and dynamic resource allocation.
2 
3 
3.1 Time location of SBFD
In terms of the agreements on SBFD in RAN1#116 [1], we have two options on SBFD time domain period as follows:
	Agreement:
For RRC connected mode UEs, SBFD subband time locations are configured within a period. At least when only one TDD-UL-DL pattern is configured, the period is down-selected from one of the following options.
· Option 1: The period is the same as TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· Option 2: The period is integer multiple of TDD-UL-DL pattern period configured by dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigCommon.
· FFS: Further details
FFS: Details when two TDD-UL-DL patterns are configured



Compared with Option 2，Option 1 is straightforward and has less spec impact, but can be considered as the special case of Option2. For option2, it can be achieved by introducing a higher layer parameter in the TDD-UL-DL-ConfigCommon. This parameter can be used to indicate the specific value of the SBFD time location period, or this parameter can be a value to indication the relationship between TDD frame structure period and the SBFD time domain period, for example, the SBFD time domain period is {2,3,4,5,…} times of the TDD frame structure period. Note that, when two TDD-UL-DL patterns are configured, the period is the sum of periods of two TDD-UL-DL patterns.

Proposal 5: Option2 is a more general case compared with Option1. For option2, it can be achieved by introducing a higher layer parameter in the TDD-UL-DL-ConfigCommon to indicate the specific value of the SBFD time location period, or the relationship between TDD frame structure period and the SBFD time domain period.

For semi-static indication of SBFD subband time location, there were agreements:
	Agreement
A slot can consist of SBFD symbols and non-SBFD symbols.
For semi-static indication of SBFD subband time location,
· When only one TDD-UL-DL pattern is configured, SBFD symbols are configured in consecutive manner within a TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for only one of the patterns, SBFD symbols are configured in consecutive manner within the TDD-UL-DL pattern period. When two TDD-UL-DL patterns are configured and if SBFD symbols are configured for both patterns, SBFD symbols are configured in consecutive manner within each TDD-UL-DL pattern period.
· SBFD symbols are configured in DL and/or flexible symbols configured in TDD-UL-DL-ConfigCommon
· The configured SBFD symbols can start from any symbol within a slot and can end in any symbol within a slot.
· referenceSubcarrierSpacing in TDD-UL-DL-ConfigCommon is used as reference SCS.
· FFS details




The SBFD subband time location can be indicated by the start symbol and the length of the SBFD subband time location, or can be indicated by the start symbol and end symbol. Both options will follow the above agreement.

For the SBFD subband time location which overlap with legacy UL symbols, the SBFD subband time location will be ignored by the SBFD aware UE. Whether the SBFD subband time location is valid in the either DL or F symbol can be indicated by a higher layer parameter, such as sbfdIndecator, it is optional and can be set to 0 or 1, If this parameter does not configured, then the SBFD subband time location is valid in both DL and F symbols, if value 0 is configured, it is considered valid in DL symbol, but invalid in the F symbol; if value 1 is configured, it is considered valid in F symbol, but invalid in the Dl symbol.

Proposal 6:  For the SBFD subband time location, it is invalid when overlapping with legacy UL symbols. The validation of the SBFD subband time location that overlapping with legacy DL and F symbols can be indicated by a dedicated parameter. 

The SBFD subband time location can be configured for a specified UE, for example, in TDD-UL-DL-ConfigDedicated. To be specific, the whole DL or Special slot, or part of the symbol in Dl or Special slot can be configured to the SBFD symbol. In this case, the rule in the previous proposal can also be used. When part of the symbol in the DL or Special slot is configured to SBFD symbol, the SBFD subband time location can be indicated by the start symbol and length, or start symbol and end symbol. 

For the flexibility, the DL slot or Special slot that configured by TDD-UL-DL-ConfigCommon to contain the SBFD symbol can be revert to the DL or Special slot without SBFD symbol by using the TDD-UL-DL-ConfigDedicated. On the other hand, the SBFD symbol in the DL or Special slot that configured by TDD-UL-DL-ConfigDedicated can be released, which is same as the operation in legacy TDD-UL-DL-ConfigDedicated.

Proposal 7: All symbols in DL slot or Special slot, or part of the symbols in DL slot or Special slot can be configured to the SBFD symbol by TDD-UL-DL-ConfigDedicated for a specified UE. Moreover, such configurations can be released.

In current 5G system, the Flexible slot configured by TDD-UL-DL-ConfigCommon/ TDD-UL-DL-ConfigDedicated can be modified by the slot format indicator (SFI) in the DCI. In the SBFD mode, we proposed that the symbol configured by TDD-UL-DL-ConfigCommon/ TDD-UL-DL-ConfigDedicated can also be modified by the SFI in the DCI. Compared with legacy TDD, any symbol configured by TDD-UL-DL-ConfigCommon/ TDD-UL-DL-ConfigDedicated can be changed to SBFD symbol by SFI. 

In order to support this scheme, the slot format for the SBFD slot should be introduced. In TS38.213, the list of the slot format is introduced, there are totally 256 slot format index in the slot format table. However, only 56 slot format are defined for legacy TDD, the index from 56 to 254 are reserved for future usage. We propose to introduce the SBFD slot start from index 56, the SBFD slot format is similar as the legacy slot format which has flexible symbol inside, but the flexible symbol is take place by the SBFD symbol. Therefore, there are totally 54 SBFD slot formats, starting from slot format index 56 to 109. The SBFD slot format table is listed in Table 1.
[bookmark: _Ref140740228]Table 1. SBFD slot format for normal CP
	Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	0
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	1
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	2
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F
	F

	…
	…

	55
	D
	D
	F
	F
	F
	U
	U
	U
	D
	D
	D
	D
	D
	D

	56
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	…
	…

	109
	D
	D
	X
	X
	X
	U
	U
	U
	D
	D
	D
	D
	D
	D

	110 – 254 
	reserved

	255
	UE determines the slot format for the slot based on tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, if any, on detected DCI formats 



Proposal 8: The SBFD symbol can be configured dynamically by the SFI in the DCI. Compared with legacy TDD, any symbol configured by TDD-UL-DL-ConfigCommon/ TDD-UL-DL-ConfigDedicated can be changed to SBFD symbol by SFI.
3.2 Frequency location of SBFD
3.2.1 Frequency domain indicator of SBFD
In terms of the agreements on SBFD in RAN1#116 [1], we have two options on frequency location indication of SBFD subband as follows:
	Agreement:
The maximum number of UL subbands for SBFD operation in an SBFD symbol within a TDD carrier is one.
The UL subband can be located at one side of the carrier or can be located at the middle part of the carrier.
For semi-static indication of SBFD subband frequency location, down-select from the following options.
· Option 1: Frequency locations of UL subband and 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: Frequency location of UL subband and the number of RBs for guardband(s), if any, are explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).



In our view, frequency resource of guard band/DL subband can be implicitly indicated. Compared with guard band, frequency resource indication of DL subband is more efficiency and the number of indicated bits of DL subband is less in some cases as shown in Figure 6.

               
[bookmark: _Ref131673256]Figure 6 Frequency resource allocation of DL/ UL subband and Guard band

Proposal 9: For semi-static configuration of subband frequency locations for SBFD operation, explicit indication of frequency location of DL subband that a set of contiguous RBs for DL transmission excluding RBs of UL subband is required. 

4. Impact and potential enhancement on SBFD
The impact and potential enhancement on SBFD will be discussed in this section.
4.1 SSB on SBFD
When semi-static SBFD time-frequency resource is configured by broadcast signaling such as SIB1, there will be confliction between the SBFD resource and the legacy channels or signals. In the legacy operation: For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.
In the SBFD mode, the above specification should hold true, that is the SSB should not be configured in the pure uplink symbol. However, there will be the case that the SSB is configured overlapping with the UL SBFD symbols (Full or partially overlapping). In this case, the SSB should have higher priority than UL transmission in the UL SBFD. The UE is not expected to transmit any UL in the resource that overlapping with any SSB.
On the other hand, there will also the case that the SSB is configured in the DL SBFD symbols although this SBFD symbol is in the legacy uplink symbol. In this case, the SSB should be configured inside the SBFD subband, as shown in Figure 7. In other words, the UE does not expect any SSB PRB or symbol configured outside SBFD sub-band.
[image: ]
[bookmark: _Ref131673449]Figure 7 SSB on SBFD symbols
 

Proposal 10: The SSB can be configured inside the SBFD sub-band in the legacy UL symbols. The SSB can be configured overlapping with UL SBFD sub-band in legacy Flexible or DL symbols, in this case the SSB has priority.
4.2 CORESET on SBFD
The CORESET on SBFD is shown in Figure 8, where the CORESET is overlapping with SBFD symbols. 
[image: ] 
[bookmark: _Ref131673517]Figure 8. CORESET on SBFD
The CORESET can be configure inside the DL subband in SBFD symbol which can be legacy DL, UL or Flexible symbols. To keep the flexibility of gNB scheduling, CORESET should be allowed to overlap the boundary of a DL subband in SBFD symbols. 

Proposal 11: When a CORESET and a search space are configured that the MOs of the search space occur in both SBFD and non-SBFD symbols, the associated CORESET is allowed to overlap the boundary of a DL subband in SBFD symbols.

In legacy UL symbol with SBFD configured, only CORESET0 can be configured inside the SBFD sub-band, but cannot be configured overlapping with any symbol of the RACH occasion (RO) and Ngap before valid RO. For other CORESET, they cannot be configured inside the SBFD sub-band in the legacy UL symbols. 

Proposal 12: In legacy UL symbol with SBFD configured, only CORESET0 can be configured inside the SBFD sub-band, but has lower priority than RO.

In the legacy DL symbols with UL SBFD configuration, the CORESET can be configured overlapping with UL SBFD, and the CORESET has priority. In the legacy Flexible symbols with SBFD configured, the CORESET can be configured overlapping with SBFD, the common CORESET has priority. In case there is any symbol of the UE-specific CORESET overlapping with the symbols of RO and Ngap symbols before valid RO, then UE-specific CORESET cannot be used for PDCCH transmission.

Proposal 13: In legacy F symbol with SBFD configuration, when CORESET overlaps with RO in time domain, the priority order is common CORESET > RO>UE-specific CORESET. In legacy DL symbol with SBFD configuration, CORESET has priority. 


4.3 PUSCH on SBFD 
4.3.1 PUSCH transmission in connection mode
When semi-static SBFD time-frequency resource is configured for UL transmission by broadcast/RRC dedicated signaling, gNB could dynamically/semi-static schedule UE to transmit PUSCH w/o repetition in semi-static SBFD time-frequency resource in connection mode as shown in Figure 9and Figure 10.


[bookmark: _Ref131673639]Figure 9. Dynamically scheduling UE to transmit PUSCH in semi-static SBFD


[bookmark: _Ref131673649]Figure 10. Semi-static scheduling UE to transmit PUSCH w/o repetition in semi-static SBFD

Proposal 14: UE is dynamically scheduled to transmit PUSCH w/o repetition in semi-static SBFD time-frequency resource in connection mode.
    
gNB could dynamically allocation SBFD and schedule UE to transmit PUSCH w/o repetition in dynamic allocated SBFD time-frequency resource in connection mode as shown in Figure 11.


[bookmark: _Ref131673706]Figure 11. Dynamically scheduling UE to transmit PUSCH w/o repetition in dynamic allocated SBFD

Proposal 15: UE is dynamically scheduled to transmit PUSCH w/o repetition in dynamic allocated SBFD time-frequency resource in connection mode.

4.3.2 TBoMS transmission
In order to reduce overhead of signaling, gNB uses one unified configuration to implement TBoMS transmission in SBFD symbols and non-SBFD symbols as shown in Figure 12. Certainly we can also support separated configuration on TBoMS transmission resource in SBFD symbols and non-SBFD symbols in order to avoid increasing complexity of UE implementation on rate matching because partial time and frequency resource of TBoMS is outside time and frequency resource of UL subband of SBFD configuration.



[bookmark: _Ref131673345]Figure 12. Scheduling UE to transmit TBoMS

Proposal 16: UE is semi-statically or dynamically scheduled to transmit TBoMS in SBFD symbols and non-SBFD symbols by one unified configuration or separated configuration.

Joint channel estimation (JCE) is important feature to improve uplink receive performance. If time and frequency resource of TBoMS/PUSCH repetition type A transmission occasion is outside UL subband of SBFD configuration. It is necessary to allow UL DMRS is transmitted outside UL subband of SBFD configuration in order to guarantee JCE implementation as shown in Figure 13. 



[bookmark: _Ref131673765]Figure 13. JCE for TBoMS transmission in SBFD symbols and non-SBFD symbols

Proposal 17: For TBoMS/ PUSCH repetition type A transmission in SBFD symbols and non-SBFD symbols, UL DMRS is allowed to be transmitted outside UL subband of SBFD configuration.


4.4 PDSCH on SBFD 
When there is UL transmission in the UL subband for a UE, the PDSCH of other UE can be scheduled in the DL subband. If the resource in the DL subband is not enough for the PDSCH, we should consider the different options for dynamic, semi-static scheduling. For the dynamic scheduling, three options can be considered:
· Option1: The gNB should avoid schedule PDSCH in the DL subband if the resource in the DL subband is not enough for the current PDSCH.
· Option2: The gNB determines the TBS according to the available resource, then the rest will be transmitted in the coming slot.
· Option3: The gNB performs the RM for the PDSCH, the resource that overlapping with UL suband and the guide band will be considered as unavailable resource. 
In the dynamic scheduling, the gNB will determine which option to be used, UE will receive the PDSCH according to the DCI. This also applies to retransmission. For example, the Option2 is used for the UE1 PDSCH reception in Figure 14, where only the resource in DL subband is used.
  For the semi-static scheduling, the resource allocation will be delivered to the UE when the configuration is activated. We propose the following option for the PDSCH semi-persistent scheduling:
· Option1: The gNB should avoid schedule PDSCH in the DL subband if the resource in the DL subband is not enough for the current PDSCH, and the UE will not expect to receive the SPS PDSCH.
· Option2: The gNB performs the RM for the PDSCH, the resource that overlapping with UL subband and the guide band will be considered as unavailable resource. The UE only received the SPS PDSCH in the DL subband.
Which option will be used should be informed to the UE. This information can be delivered to the UE in RRC, for example, one parameter in the SPS configuration to indicate which option will be used. Alternatively, this information can also delivered to UE during the SPS activation. 

For the slot aggregation or repetition scheduled by dynamic scheduling, the same scheme as the SPS PDSCH should applies to the reTx except the 1st Tx. An indicator together with slot aggregation or repetition configuration can be delivered to UE to indicate which option is used. For the slot aggregation or repetition configured by SPS, the same scheme as the SPS PDSCH should applies to all the Tx, the same indication method can also be used as SPS PDSCH. For example, the Option 2 is used for the UE2 SPS PDSCH reception as shown in Figure 14, where the PDSCH Rep1 is RM around UL subband and guard band.

Proposal 18: The PDSCH scheduling schemes should be chosen considering the resource overlapping of the UL subband/guard band and PDSCH. 

If PDSCH RM around UL subband and guard band, the UE will not perform the PDSCH reception once any RE of the PDSCH DMRS is collided with UL subband or guard band. Besides, the gNB should consider whether the PDSCH can be detected correctly if PDSCH is RM around UL subband or guard band. In this case, one effective code rate (ECR) can be set, once the effective code rate after RM is larger than a threshold, then the gNB will not performs PDSCH RM. The ECR threshold will be determined by gNB itself.

For PDSCH precoder group (PRG), it can be wideband, 2 or 4PRB. When the UL subband is configured, it may not aligned with PRG. For the wideband PRG, all the PRB used by PDSCH in the DL subband will used the same precoder matrix. For the PRG with the size of 2/4 PRB, partial PRB in one PRG may be occupied by UL subband or guard band. In this case, the PRB number in the PRB will reduce to 1/2/3, so those PRB in the PRG will use the same precoder matrix.

Proposal 19: The RE of PDSCH DMRS should not overlap with UL subband or guard band. The ECR of the PDSCH after the RM should not larger than an ECR threshold. Partial PRB in the PRG that overlapping with UL subband or guard band should use the same precoder matrix.

[image: ]
[bookmark: _Ref131687473]Figure 14. Scheduling PDSCH in DL Subband resource.


In PDSCH resource allocation type0 (RAT0), the resource allocation granularity is RBG. The location of the UL subband and guard band may not align with RBG boundary. Once the UL subband or guard band occupies only parts of the PRB in one RBG, the PDSCH cannot use this RBG anymore according to the current specification, which will waste the resource. In this case, we can introduce an indicator during the frequency resource allocation to inform UE that the PRB not occupied by UL subband or guard band is allocated to the UE. This will improve the spectrum efficiency in the SBFD mode. During the reception, the UE should determine the RBGs in the boundary of the UL subband, and determine whether the RBGs are occupied partially by the UL subband or guard band, then the UE should determine the number of PRB used by the PDSCH in this RBG. For example, this indicator can be an new parameter in DCI, which is after the frequency domain resource allocation field, and this size of the parameter depends on the size of the RBG, i.e., log2(RBG size). It is used to indicate how many contiguous PRBs are used by PDSCH in the RBG partial occupied by UL subband and guard band, and the PRB in this RBG and the PRB in the other RBG not occupied by UL subband or guard band are contiguous. Since the UL subband and guard band may be configured in the middle of the BWP, then two indicators should be introduced. In the non-SBFD slot, the two indicators can be set to 0.
In case of the PUSCH RA, the same idea can also apply to PUSCH. The indicator will introduced in the DCI used for PUSCH or configured grant type0.

Proposal 20: The PRB not occupied by the UL subband/DL subband or guard band can be used by the PDSCH/PUSCH, this can be achieved by introducing two indicators in the DCI, the size of each indicator is log2(RBG size). 
4.5 SRS transmission
4.5.1 SRS configuration
From our perspective, in order to avoid the unified configuration of SBFD symbols and non-SBFD symbols in different slots causing SRS time-frequency domain resources to exceed frequency domain of the UL subband of the DL/F slot configuration of SBFD, independently SRS resources is applied for the SBFD symbol of the DL/F time slot as shown in Figure 15. That means SRS resource set 1 is configured to the SBFD symbol and SRS resource set2 is configured to non-SBFD symbols.



Figure 15. Configuration of separated SRS resource set for SBFD symbols and non-SBFD symbols in different slots
Proposal 21: independently configuration on SRS resources set should be supported for the SBFD symbol of the DL/F slot.

4.5.2 SRS Frequency hopping
For SRS frequency hopping, when the total bandwidth configuration of SRS frequency hopping is larger than frequency domain resources of the SBFD UL subband, if the minimum/maximum PRB index of the transmission bandwidth of any of the SRS hops exceeds the minimum/maximum PRB index of the UL subband, the transmission bandwidth of this SRS hopping is automatically shifted up or down by Δ to guarantee SRS hopping doesn’t exceed frequency domain resources of the SBFD UL subband and keep UE transmit power unchanged as shown in Figure 16. Each hopping is inside UL subaband and there are some overlapping of frequency domain between two SRS hops 


Figure 16.SRS frequency hopping with frequency shift

Proposal 22: when the total BW configuration of SRS frequency hopping is larger than frequency domain resources of the SBFD UL subband, frequency shift method can be applied to each SRS hopping in order to guarantee transmission bandwidth of any of the SRS hops inside the UL subband of the DL/F slot.
4.6 CSI-RS and CSI report
4.6.1 CSI-RS configurations
For CSI configuration, it is straight forward that two contiguous CSI-RS resources that are linked and requires additional signaling to link two CSI-RS resources in two DL subbands. In current specification, the maximum number of the CSI-RS resource in one BWP is limited. Compared with non-SBFD case, the number of the CSI-RS is double, so the UE capability needs to be improved. 

Proposal 23: For CSI configuration, two contiguous CSI-RS resources that are linked with high layer signaling to link two CSI-RS resources in two DL subbands.

4.6.2 CSI reporting
Per our understanding, it is much easy to implement 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, the CSI report is generated by the latest CSI-RS resource, whatever the CSI-RS in SBFD symbols or non-SBFD symbols. The only difference may be the content of the CSI report, for example, the CSI report is derived based on the CSI-RS resource excluding the CSI-RS resource overlapping with UL subband or guardband.

Proposal 24: 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.
4.6.3 Collision of DL/UL channel for SBFD 
Some cases of time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE need identified. If UL subband for SBFD in Dl/flexible symbol is configured, there is collision between CG PUSCH and PDCCH / SPS PDSCH as shown in Figure 17. It is straightforward that collision potentially happens between PUCCH and PDCCH / SPS PDSCH based on channel priority.





[bookmark: _Ref131673949]Figure 17. Collision case between CG PUSCH and PDCCH / SPS PDSCH

Proposal 25: Collision between CG PUSCH/PUCCH and PDCCH / SPS PDSCH should be handled based on channel priority.
4.7 SBFD for Carrier Aggregation
From our perspective, SBFD for CA case especially intra-band CA can be implemented by different DL/UL configuration as shown in Figure 18. The SBFD DL/UL configuration for each CC can be configured to the UE via RRC signaling. The SBFD DL/UL configuration for each carrier can be activated/deactivated independently by DCI. If the SBFD DL/UL configuration for each carrier can be deactivated, the DL/UL configuration for each carrier fallback to default DL/UL configuration or the same the DL/UL configuration as that of Pcell/Spcell.


Figure 18. SBFD for Carrier Aggregation

Proposal 26: SBFD configuration can be supported for carrier aggregation at least intra-band CA case.

Proposal 27: If SBFD DL/UL configuration is configured for each CC, the SBFD DL/UL configuration for each carrier can be activated/deactivated independently.

5. Conclusion
In this contribution, we discuss about SBFD TX/RX/ measurement procedures with the following proposals:
Proposal 1: Support semi-static resource allocation for evolution of NR duplex operation by RRC signalling.
Proposal 2: Support semi-static resource allocation with DCI indication on activation/deactivation and modification mechanism.
Proposal 3: Support dynamic resource allocation and coordination between cells for evolution of NR duplex operation.
Proposal 4: Support one-shot/semi-persistent SBFD dynamic resource allocation by DCI.
Proposal 5: Option2 is a more general case compared with Option1. For option2, it can be achieved by introducing a higher layer parameter in the TDD-UL-DL-ConfigCommon to indicate the specific value of the SBFD time location period, or the relationship between TDD frame structure period and the SBFD time domain period.
Proposal 6:  For the SBFD subband time location, it is invalid when overlapping with legacy UL symbols. The validation of the SBFD subband time location that overlapping with legacy DL and F symbols can be indicated by a dedicated parameter. 
[bookmark: _GoBack]Proposal 7: All symbols in DL slot or Special slot, or part of the symbols in DL slot or Special slot can be configured to the SBFD symbol by TDD-UL-DL-ConfigDedicated for a specified UE. Moreover, such configurations can be released.
Proposal 8: The SBFD symbol can be configured dynamically by the SFI in the DCI. Compared with legacy TDD, any symbol configured by TDD-UL-DL-ConfigCommon/ TDD-UL-DL-ConfigDedicated can be changed to SBFD symbol by SFI.
Proposal 9: For semi-static configuration of subband frequency locations for SBFD operation, explicit indication of frequency location of DL subband that a set of contiguous RBs for DL transmission excluding RBs of UL subband is required. 
Proposal 10: The SSB can be configured inside the SBFD sub-band in the legacy UL symbols. The SSB can be configured overlapping with UL SBFD sub-band in legacy Flexible or DL symbols, in this case the SSB has priority.
Proposal 11: When a CORESET and a search space are configured that the MOs of the search space occur in both SBFD and non-SBFD symbols, the associated CORESET is allowed to overlap the boundary of a DL subband in SBFD symbols.
Proposal 12: In legacy UL symbol with SBFD configured, only CORESET0 can be configured inside the SBFD sub-band, but has lower priority than RO.
Proposal 13: In legacy F symbol with SBFD configuration, when CORESET overlaps with RO in time domain, the priority order is common CORESET > RO>UE-specific CORESET. In legacy DL symbol with SBFD configuration, CORESET has priority. 
Proposal 14: UE is dynamically scheduled to transmit PUSCH w/o repetition in semi-static SBFD time-frequency resource in connection mode.
Proposal 15: UE is dynamically scheduled to transmit PUSCH w/o repetition in dynamic allocated SBFD time-frequency resource in connection mode.
Proposal 16: UE is semi-statically or dynamically scheduled to transmit TBoMS in SBFD symbols and non-SBFD symbols by one unified configuration or separated configuration.
Proposal 17: For TBoMS/ PUSCH repetition type A transmission in SBFD symbols and non-SBFD symbols, UL DMRS is allowed to be transmitted outside UL subband of SBFD configuration.
Proposal 18: The PDSCH scheduling schemes should be chosen considering the resource overlapping of the UL subband/guard band and PDSCH.
Proposal 19: The RE of PDSCH DMRS should not overlap with UL subband or guard band. The ECR of the PDSCH after the RM should not larger than an ECR threshold. Partial PRB in the PRG that overlapping with UL subband or guard band should use the same precoder matrix.
Proposal 20: The PRB not occupied by the UL subband/DL subband or guard band can be used by the PDSCH/PUSCH, this can be achieved by introducing two indicators in the DCI, the size of each indicator is log2(RBG size). 
Proposal 21: independently configuration on SRS resources set should be supported for the SBFD symbol of the DL/F slot.
Proposal 22: when the total BW configuration of SRS frequency hopping is larger than frequency domain resources of the SBFD UL subband, frequency shift method can be applied to each SRS hopping in order to guarantee transmission bandwidth of any of the SRS hops inside the UL subband of the DL/F slot.
Proposal 23: For CSI configuration, two contiguous CSI-RS resources that are linked with high layer signaling to link two CSI-RS resources in two DL subbands.
Proposal 24: 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.
Proposal 25: Collision between CG PUSCH/PUCCH and PDCCH / SPS PDSCH should be handled based on channel priority.
Proposal 26: SBFD configuration can be supported for carrier aggregation at least intra-band CA case.
Proposal 27: If SBFD DL/UL configuration is configured for each CC, the SBFD DL/UL configuration for each carrier can be activated/deactivated independently.
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3GPP TSG RAN WG1  # 1 1 6 bis                                                       R1 -   240 2168   Changsha ,  China ,  April   15 th  -   April   19 th , 2024     Source:   New H3C   Title:   Discussion   for  SBFD TX/RX/   measurement procedures   Agenda Item:   9.3.1   Document for:   Discussio n and Decision     1.   Introduction   In the RAN1 #116   meeting, SBFD TX/RX/ measurement procedures   in Rel.19   evolution of NR duplex operation  was discussed. Some a greements were made as below [1 ] .     Agreement   For RRC connected mode UEs, at least cell - specific configuration on time  and frequency   (working  assumption)  location of SBFD subbands is supported within a TDD carrier.   -   FFS: Additional support of UE - specific configuration on time and/or frequency   locations of SBFD  subbands     Agreement:   For RRC connected mode UEs, SBFD subband time locations are configured within a period. At least when  only one TDD - UL - DL pattern is configured, the period is down - selected from one of the following options.   -   Option 1:   The period is the same as TDD - UL - DL pattern period configured by  dl - UL - TransmissionPeriodicity   in  TDD - UL - DL - ConfigCommon .   -   Option 2: The period is integer multiple of TDD - UL - DL pattern period configured by  dl - UL - TransmissionPeriodicity   in  TDD - UL - DL - ConfigC ommon .   -   FFS: Further details   FFS: Details when two TDD - UL - DL patterns are configured     Agreement   A slot can consist of SBFD symbols and non - SBFD symbols.     Agreement:   The maximum number of UL subbands for SBFD operation in an SBFD symbol within a TDD carrier  is one.   The UL subband can be located at one side of the carrier or can be located at the middle part of the carrier.   For semi - static indication of SBFD subband frequency location, down - select from the following options.   -   Option 1: Frequency locations of UL   subband and 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: Frequency location of UL subband and the number of RBs for guardband(s), if any, are  ex plicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or  guardband(s).       Agreement   A slot can consist of SBFD symbols and non - SBFD symbols.   For semi - static indication of SBFD subband time location,   -   When only one T DD - UL - DL pattern is configured, SBFD symbols are configured in consecutive  manner within a TDD - UL - DL pattern period. When two TDD - UL - DL patterns are configured and if  SBFD symbols are configured for only one of the patterns, SBFD symbols are configured in  consecutive manner within the TDD - UL - DL pattern period. When two TDD - UL - DL patterns are  configured and if SBFD symbols are configured for both patterns, SBFD symbols are configured in  consecutive manner within each TDD - UL - DL pattern period.   o   SBFD symbols ar e configured in DL and/or flexible symbols configured in  TDD - UL - DL - ConfigCommon   o   The configured SBFD symbols can start from any symbol within a slot and can end in any  symbol within a slot.   o   referenceSubcarrierSpacing   in  TDD - UL - DL - ConfigCommon  is used as ref erence SCS.   o   FFS details  

