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[bookmark: _Ref521334010]Introduction
[bookmark: _Int_cdnvcNCG]The RAN#102 meeting discussed and defined the Work Item Description on the Evolution of NR Duplex Operation in RP-234035 [1]. In RAN#103, the objective on CLI handling in SBFD is modified to include adjacent channel CLI and can be found in RP-240172 [2]. Updated objectives of WID are as follows:
	[bookmark: _Hlk162033105]For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier:
· Specify semi-static indication of time location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of time location of SBFD subbands in SIB is not precluded
· Specify semi-static indication of frequency domain location of SBFD subbands to UEs in RRC_CONNECTED mode [RAN1, RAN2]
· Indication of frequency domain location of SBFD subbands in SIB is not precluded
· Specify SBFD operation to support random access in SBFD symbols by UEs in RRC CONNECTED mode [RAN1, RAN2]
· Study and specify, if justified, SBFD operation to UE in RRC_IDLE/INACTIVE mode for random access [RAN1, RAN2]
· RAN#104 to check whether to proceed normative work
· [bookmark: _Hlk153407590]Specify UE transmission, reception and measurement behavior and procedures in SBFD symbols and/or non-SBFD symbols for SBFD aware UE [RAN1, RAN2]
· Transmission and reception behaviors on SBFD subbands configured in DL and/or flexible symbol indicated by TDD-UL-DL-ConfigCommon
· UL transmissions within UL subband only
· DL receptions within DL subband(s) only, except for CLI measurement by the UE outside of the DL subbands
Note: When flexible symbols are used, it is not expected that any legacy Uplink symbol is converted to Downlink/SBFD symbols
· Enhancement on resource allocation in frequency domain in SBFD symbols, including
· resource allocation in frequency domain for PDSCH/CSI-RS across two DL subbands in SBFD symbols
· handling of unaligned boundaries between SBFD subband(s) and RBG, CSI reporting subband, CSI-RS resource, PRG
· Enhancements on physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots, where each transmission/reception within a slot has either all SBFD or all non-SBFD symbols, including
· resource allocation in frequency domain for transmission or reception in SBFD symbols and non-SBFD symbols with different available frequency resource in different slots
· CSI report of which associated CSI-RS instances occur in both SBFD symbols and non-SBFD symbols in different slots
· Configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, e.g., resources, frequency hopping parameters, UL power control parameters and/or beam/spatial relation
· Collision handling between DL reception in DL subband(s) and UL transmission in UL subband in a SBFD symbol
· Followings are assumed based on TR 38.858
· SBFD at the gNB side
· Half duplex operation at the UE side
· FR1 and FR2-1
· SBFD operation Option 4, i.e., both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs
· Coexistence between non-SBFD aware UEs (including legacy UEs) and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· One UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· Mechanisms for SBFD operation shall also consider the adjacent channel coexistence between two operators





Semi-static indication of the SBFD time and frequency domain resources
Semi-static indication of the SBFD time domain resources
In RAN1#116 meeting [2], further study of UE specific configuration on time and/or frequency locations of SBFD sub bands was suggested. 
	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



 
The UE specific information on slot configuration helps the gNB to adjust DL/UL pattern based on specific UE needs in a TDD carrier. The gNB sends the UE-specific slot configuration using ‘tdd-UL-DL-ConfigurationDedicated’ towards UE, which further allocates the unallocated (flexible) slots and symbols. This specific request of the UE comes from the fact that different power class of UEs with different coverage can either have a faster turn-around from Downlink reception to Uplink transmission than the cell specific configuration. It is also possible, that the UE can have difficulty in switching to uplink transmission within the guard period mentioned by the cell specific configuration. 

If the gNB doesn’t configure this, then UEs with faster switching will use cell specific configuration and those UEs which have a slower switching period than cell specific configured guard symbols will be missed out. 

Faster turnaround time is possible for UEs which are located close to the gNB. Getting additional resources from UE dedicated configuration makes it an attractive feature to have in SBFD. The down side of dedicated configuration is, the received UL signal at gNB can suffer CLI due to DL of neighbor gNB. When gNB observes (by measuring DL signal power of neighboring gNBs) that gNB-gNB CLI has minimal impact on UL performance, then gNB can configure UE specific configuration to fast turnaround UEs (similar to ‘tdd-UL-DL-Configuration Dedicated’) for transmitting UL data. 
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Figure 1: Use case for UE dedicated SBFD slot configuration
In the proposed WID of SBFD [1], the UEs are assumed to be operating in half duplex mode and no new hardware changes are proposed in the UE. As there is no change in the UE hardware setup, we propose to retain UE specific configuration that was proposed for TDD carrier in Rel. 18 [3] and carry the configuration to the SBFD sub band as well.  

In frequency domain, UE specific configurations for SBFD are not required. Frequency domain configurations as BWP will be assigned based on UE’s bandwidth capability.
Observation 1: Cell specific configuration contains frequency location and bandwidth configurations, and hence dedicated frequency configurations are not required.
Proposal 1: UE specific configuration for indicating time location of SBFD sub bands must be supported.

Down selecting one of the options on TDD-UL-DL pattern period
In RAN1#116 meeting [4], down selecting one of the options in SBFD period was discussed. The agreement was 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



In TS 38.331[3],  dl-UL-TransmissionPeriodicity in TDD-UL-DL-Pattern is specified in ms. For SBFD as well, one can specify SBFD pattern periodicity in ms. If required, one can add new periodicities, which is currently not defined for TDD-UL-DL pattern period.
Proposal 2: SBFD periodicity should be mentioned in absolute time (in ms), instead of expressing in terms TDD-UL-DL periodicity.
Option 1 of the above agreement do not give flexibility of having SBFD period longer than the TDD-UL-DL pattern period, which is a use case as shown in the Figure 2. Longer SBFD periodicities will be deployed to avoid frequent switching from SBFD to non SBFD. When SBFD periodicity is set 1, SBFD period will be same as TDD UL DL period and covers Option 1. So, Option 2 is recommended. As, we have proposed a binding rule of 20ms and smallest TDD-UL-DL periodicity can be 0.5ms, the periodicity of SBFD can range from 0.5ms to 20ms. An integer with 6 bits can represent complete range.
Proposal 3: Option 1 is subset of option 2 and hence option 2 is preferred. Maximum number of bits required to represent the SBFD periodicity integer is 6.
The down selection of SBFD periodicity options has to be looked, when two TDD-UL-DL patterns are configured. When two TDD-UL-DL patterns are configured (let us say, P for periodicity of TDD pattern 1 and P2 for periodicity for TDD pattern 2), UE expects the configured periodicities to meet the rule,

Here 20ms is chosen as a target, as the periodicity for cell defining SSBs is 20ms. In SBFD symbols, SSB periodicity is used for RACH process [5] and hence same rule should be applied to SBFD periodicity as well. 
 

[image: ]
[bookmark: _Ref162971443]Figure 2: Use cases for SBFD period
But, the Option 2 is not sufficient when two TDD-UL-DL patterns are configured. Consider an example with TDD UL DL periodicity of 3ms and 2ms.  None of the possibilities (except the same periodicity) will have non overlapping SBFD. But there exists, a possibility (possibility 5) which can meet the 20 ms rule and non overlapping. 

	
	P (in ms)
	P2(in ms)
	20ms/(P+P2)
	Observation

	TDD-UL-DL periodicity
	3
	2
	20/5 = 4
	

	SBFD periodicity – Possibility 1
	3
	2
	20/5 = 4
	Valid configuration

	SBFD periodicity – Possibility 2
	6
	4
	20/10 = 2
	SBFD overlaps on UL slot

	SBFD periodicity – Possibility 3
	9
	6
	20/15 
	non 0 remainder (remove non defined use cases) ֌

	SBFD periodicity – Possibility 4
	12
	8
	20/20 = 1
	SBFD overlaps on UL slot

	SBFD periodicity – Possibility 5
	5
	5
	20/10 = 2
	Valid combination, but not integer multiple of TDD-UL-DL periodicity


֌ - Currently periodicity of 6ms,8ms,9ms and 12 ms are not defined for TDD-UL-DL periodicity.

Observation 2: There exists a SBFD periodicity combination which meets the TDD-UL-DL rule and not necessary to be an integer multiple of individual TDD UL DL Periodicity (hence Option 2 needs to be further strengthened).
Proposal 4: There should be a binding rule for SBFD periodicity. The rule 1 can be defined as follows: 


Proposal 5: When two TDD-UL-DL patterns are configured, SBFD periodicity must be an integer multiple of the sum of TDD-UL-DL pattern periods (Option2).
  
[bookmark: _Ref158127363]Semi-static indication of the SBFD frequency domain resources
Discussion on reference starting RB and reference SCS 
 
	Agreement
The sub-band frequency-domain resources are same across different SBFD symbols within a TDD carrier. Frequency location of cell specific UL sub-band, and DL sub-band(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/guard band, if any
· FFS reference starting RB and reference SCS




[image: ]
[bookmark: _Ref162963307]Figure 3: Frequency location of DL BWP, UL BWP

In Figure 3, an example of configuring SBFD in frequency domain is shown. Instead of explicitly specifying the start RB and bandwidth for each subband, RIV can be used to define each sub band. This approach is similar to configure BWP in 5G NR. In the above example, DL sub band #0 is 10 RB away from Absolute Frequency Point A and channel BW of 273 PRB’s is considered. DL sub band #0 starts from CRB#0 and it is 104 PRB long, RIV calculation for DL sub band #0 gives index as 28325. This RIV value is sent in the location and bandwidth field of frequency sub band list. Similarly, for uplink sub band #0, PRB#0 for the sub band starts from PRB#108 and it is 55 RB long. RIV for uplink sub band will be 14958. Here, are for finding the location and bandwidth of the sub band, CRB#0 is used as reference.
Proposal 6: Starting point reference for RB will be from CRB#0.
 Subcarrier spacing is indicated in the frequency band list. It will be configured for each UL/DL sub bands.
In 5G NR, mixed numerology is defined and it is possible that some sub bands can have different numerology. Hence configuring the SCS in frequency band list is a preferred option.
Proposal 7: Reference SCS will be configured in the frequency sub-band list.
Down selection from the following options on Guard band configuration
In RAN1#116 meeting [2], down selecting one of the options for indicating frequency locations was discussed. The agreement was 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 guard band(s).


If guard band configuration has to signaled explicitly, then its location and number of PRBs has to informed. This again can be done with RIV index. In a {DUD} configuration, RIV information of UL sub band and that of two guard bands have to be signaled. Similarly, in {DU} configuration, RIV information of UL sub band and guard band have to be signaled. If option 1 was selected then, RIV information of UL sub band and two DL sub band have to be signaled in {DUD} configuration. So explicit configuration of the guard band will not reduce signaling overhead in SIB.
Secondly, explicit configuration of guard band forces the granularity of guard band to be specified in terms of RB(s). If option 1 is selected, then frequency location of UL and DL sub band can be explicitly configured with a subcarrier offset and this gives an option to have a guard band without integer PRBs. Hence, Option 1 is recommended.
Proposal 8: Explicit configuration of UL sub band and DL sub band (Option 1) is recommended over Option 2.
Physical channels/signals and procedure across SBFD symbols and non-SBFD symbols in different slots
Down selecting the on UL/DL usable PRBs option
	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.


The definition of UL usable PRBs and DL usable PRBs are introduced in RAN#116 meeting[4] and is defined within the active UL /DL BWP of non SBFD symbols. But it is possible to have use cases, where UL usable PRBs or DL usable PRBs can be NULL and changing active BWP in UL/DL sub band frequency resource is necessary (BWP switching). Figure 4 shows two use cases, where DL usable PRB is NULL. Similarly, there are use cases where UL usable PRBs is NULL.
[image: ]
[bookmark: _Ref162900943]Figure 4: Use cases where DL usable PRB in SBFD symbols is NULL

BWP concept is introduced in 5G NR to save UE power as UE need not monitor CORESET in the entire carrier bandwidth [9]. It will monitor only within the active BWP. BW switching is required when the DL/UL usable PRBs is NULL based on the above definition. This necessitates active BWP switching.

Observation 3: The definition of UL/DL usable PRBs (for both options) restricts BWP switching.
Proposal 9: Switching of BWP from SBFD symbols to non SBFD symbols and vice-versa should be allowed. This requirement should be considered for both option 1 and option 2.
Study of SSB in SBFD symbols
In RAN1#116 meeting [4], uplink transmission in SBFD symbols was discussed and following agreement was made:
	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


Successful decoding of Synchronization Signal Block (SSB) will help UE to get the physical cell identity (PCI) and Master Information Block (MIB). It also gives pointer to the SIB1 information, which is essential to get information RACH information. SSB plays an important role to synchronize a UE. SSB is also used for the downlink measurements. There are two scenarios of SSB transmission coinciding with the UL transmission in SBFD UL sub band.
[image: ]
[bookmark: _Ref162988163]Figure 5: Two scenarios of SSB present in SBFD symbols
Scenario 1: SSB transmission is in the downlink sub band and SBFD UL transmission is in the UL sub band, but on the same symbols as shown in Figure 5. This SSB block is sent after SSB periodicity and the UL transmitting UE need to decode the SSB to get SIB1. UE can choose to drop decoding SSB block and can still continue to transmit uplink data. It can monitor SSB block in the subsequent repetitions. As SSB block and UL subband are separated in frequency (at least by a guard band), a UE (another UE) who is measuring/decoding SSB will observe degradation equal to CLI observed in the DL sub band (UE-UE adjacent sub band CLI will not observed). In smaller channel BW cases, SSB may not have a raster such that SSB is separated from the UL sub band by a guard band. In this case, SSB measurements will have CLI impact. CLI impact can be further reduced, by allocating UL grant to those UEs which are spatially apart Figure 6. This will minimize CLI on SSB measurements.

Scenario 2: SSB transmission is overlapping the UL transmission in UL sub band. SSB transmission overlapping on UL reception will make it a Full duplex system and not a SBFD system. This is not a valid SBFD case. In this case, a raster outside the UL sub band has to be chosen for SSB transmission (moving to scenario 1).
[image: ]
[bookmark: _Ref163139511]Figure 6: Impact of PUSCH CLI can be minimized, if the PUSCH is allocated to a UE who is spatially apart from the SSB beam

SSB block occupies 4 OFDM symbols in time domain. By not allowing any UL transmission during SSB block will result in the drop in the uplink throughput gain that SBFD is envisioning. For example, consider a use case of 6 SSB bursts with SSB periodicity of 20 ms will result in SSB occupying 24 OFDM symbols. If UL transmission is not allowed in these symbols, then UL throughput gain exhibited by SBFD will reduce by 4.28% (24/560). Hence UL transmission during SSB symbols should be allowed, although it may increase scheduler complexity which is left to implementation.

Observation 4: Allowing UL transmission in UL BWP PRBs during SSB symbols will improve UL throughput gain.
Observation 5: SSB overlapping on UL transmission is not a valid SBFD case. 
Proposal 10: FFS: Impact of UL transmissions within UL BWP PRBs during SSB symbols in adjacent beam shall be evaluated.
Proposal 11: To reduce CLI impact on SSB measurement, the following techniques can be considered:
· Assigning UL grant to a UE which is spatially apart from the SSB beam coverage
· Lowering the UL transmission power during SSB blocks transmission.
· Changing SSB raster position which is frequency separated from the UL transmission.
Discuss the UE behavior in SBFD symbols and interacting with legacy TDD slot configuration
Discussion on link direction
In [2], RAN#116 meeting, link direction for SBFD symbol was discussed and following agreement was made.
	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.


When there is a downlink transmission directing to UE(s) and UE got UL grant to transmit uplink data in the same SBFD symbol, there will be conflict on whether to transmit in UL subband or receive in DL subband(s). The above options are proposed to resolve the conflict. If priority of the service is known, then priority on link direction can be decided. Currently, gNB knows the priority of the services. If gNB can explicitly indicate the priority to the UE, then UE can determine the link direction. When UE transmits URLLC data (high priority data), gNB itself cannot determine the link direction. 
So, we propose Option 3: UE determines the link direction based on the priority information received by the gNB. But the downside is it needs additional resources to be transmitted from gNB to UE. QoS can carry this information and 5QI table will give priority information. 
Proposal 12: Consider a new option 3 for agreement
For SBFD-aware UE transmission and reception in an SBFD symbol, consider the following options to down select the 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.
· Option 3: UE determines the link direction based on the priority and collision handling information received by the gNB.  

Study on scheduling to understand the potential collision case
	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.



Current specification is defined for Half Duplex operation in TDD. As the gNB is in SBFD mode, the above-mentioned collisions cases have to be addressed. For the all scenarios mentioned above, it is assumed that explicit link indication is not provided.
In Case 1, Dynamic DL reception v/s Semi statically configured UL transmission, the gNB is aware that the half duplex UE has uplink grant for UL transmission. Yet, the gNB wish to transmit DL data (high priority data). So, here the priority is DL reception for UE and UE has to cancel the Uplink transmission. The gNB can send UL cancellation indication to UE, via DCI2_4. If the link indication is not explicitly informed, then a new rule is required. The new rule will state that when UE receives DL schedule (for dynamic DL data), then it will cancel the semi static UL transmission.
Observation 6: In Case 1, uplink cancellation indication can be scheduled in DCI2_4.
Proposal 13a: In Case 1, if explicit link indication is not provided, then a new rule is required in the UE. The new rule will state that when UE receives DL schedule (for dynamic DL data), then it will cancel the semi static UL transmission.
In Case 2, semi static DL reception v/s dynamic UL transmission, the UE can transmit UL only when it gets grant from the gNB. If UE prioritizes dynamic UL transmission over semi static DL reception, then UE will not get information on DL, which it can get over the next time or it can request gNB to retransmit.  Here we don’t see any need for specification change. As, the gNB is in SBFD, it will be able to receive UL data. If uplink data to be cancelled, base station would have to send cancellation signal explicitly. 
Proposal 13b: In Case 2, UE will continue its UL transmission as it is dynamically scheduled, and it has a grant for uplink transmission. Hence no additional rule is necessary.
In Case 3, semi static configuration DL reception v/s semi static UL transmission needs a new rule. The new rule can be based on priority of service or on QoS and needs specification change both in gNB and in UE.
Observation 7: Explicit link indication through DCI2_4 will inform whether UE will continue with its UL transmission or not.  
Proposal 13c: In Case 3, a new rule is required either to drop UL or DL transmission. 
FFS: Details of the new rule to further investigated.
In Case 4, dynamic scheduling of DL reception v/s dynamic scheduling of UL transmission will result in error in scheduling. gNB should handle this error condition and will cancel at least one of the operation.
Proposal 13d: Case 4 will result in error for the Half Duplex UE and gNB will have to resolve the collision.
If UL transmission is allowed in SSB symbols, case 5 can be simplified as Semi static downlink scheduling v/s Dynamic Scheduling (if the UL transmission is dynamic). If the UL transmission is semi static then this case gets simplified to Case 3.
Proposal 13e: In Case 5, if dynamic UL transmission is allowed in SSB symbols, no new rule is required (like in Case2).
Proposal 13f: In Case 5, if semi static UL transmission is allowed in SSB symbols, a new rule is required either to drop UL or DL transmission (like in Case 3).
In Case 6, in RRC_CONNECTED mode, if DL transmission is scheduled (dynamic or semi static), then UE will stop RACH transmission in the RO and receive DL [8]. UE will reattempt RACH in subsequent RO. This requires a new rule. 
Proposal 13g: For Case 6, new rule is required for UE to stop RACH transmission and continue DL reception. 
Table 1: Various scenarios of DL and UL transmission and when link direction is not explicitly specified
	Various collision cases observed in UE
	Downlink Reception (to UE)

	
	Dynamic DL (PDSCH, PDCCH)
	Semi static DL (PDCCH, PDSCH, CSI-RS)
	SSB

	Uplink Transmission (from UE)
	Semi static UL 
(SRS, PUCCH, PUSCH) 
	Case 1 - Cancel UL within cancellation timeline (if explicit link direction is not provided, new rule is required based on priority of service)
	Case 3- New rule is required either to drop UL or DL transmission
	Case5 - If UL transmission in SSB symbols is allowed, new rule is required to drop UL/SSB.

	
	Dynamic UL 
(PUSCH, PUCCH, aperiodic SRS)
	Case 4 – Results in Error. Error handler will choose one of the paths
	Case 2- Continue with UL transmission (no new rule required)
	Case 5 - If UL in SSB symbols is allowed, then it is Case 2

	
	RACH
	Case 6- new rule is required for UE to stop RACH transmission and continue DL reception (simplifies to Case 3) 
	Not Applicable




Conclusion
Observation 1: Cell specific configuration contains frequency location and bandwidth configurations, and hence dedicated frequency configurations are not required.
Observation 2: There exists a SBFD periodicity combination which meets the TDD-UL-DL rule and not necessary to be an integer multiple of individual TDD UL DL Periodicity (hence Option 2 needs to be further strengthened).
Observation 3: The definition of UL/DL usable PRBs (for both options) restricts BWP switching.
Observation 4: Allowing UL transmission in UL BWP PRBs during SSB symbols will improve UL throughput gain.
Observation 5: SSB overlapping on UL transmission is not a valid SBFD case. 
Observation 6: In Case 1, uplink cancellation indication can be scheduled in DCI2_4.
Observation 7: Explicit link indication through DCI2_4 will inform whether UE will continue with its UL transmission or not.  

Proposal 1: UE specific configuration for indicating time location of SBFD sub bands must be supported.
Proposal 2: SBFD periodicity should be mentioned in absolute time (in ms), instead of expressing in terms TDD-UL-DL periodicity.
Proposal 3: Option 1 is subset of option 2 and hence option 2 is preferred. Maximum number of bits required to represent the SBFD periodicity integer is 6.

Proposal 4: There should be a binding rule for SBFD periodicity. The rule 1 can be defined as follows: 

Proposal 5: When two TDD-UL-DL patterns are configured, SBFD periodicity must be an integer multiple of the sum of TDD-UL-DL pattern periods (Option2).
Proposal 6: Starting point reference for RB will be from CRB#0.
Proposal 7: Reference SCS will be configured in the frequency sub-band list.
Proposal 8: Explicit configuration of UL sub band and DL sub band (Option 1) is recommended over Option 2.
Proposal 9: Switching of BWP from SBFD symbols to non SBFD symbols and vice-versa should be allowed. This requirement should be considered for both option 1 and option 2.
Proposal 10: FFS: Impact of UL transmissions within UL BWP PRBs during SSB symbols in adjacent beam shall be evaluated.
Proposal 11: To reduce CLI impact on SSB measurement, the following techniques can be considered:
· Assigning UL grant to a UE which is spatially apart from the SSB beam coverage
· Lowering the UL transmission power during SSB blocks transmission.
· Changing SSB raster position which is frequency separated from the UL transmission.
Proposal 12: Consider a new option 3 for agreement: 
For SBFD-aware UE transmission and reception in an SBFD symbol, consider the following options to down select the 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.
· Option 3: UE determines the link direction based on the priority and collision handling information received by the gNB.  
Proposal 13:
a. In Case 1, if explicit link indication is not provided, then a new rule is required in the UE. The new rule will state that when UE receives DL schedule (for dynamic DL data), then it will cancel the semi static UL transmission.
b. In Case 2, UE will continue its UL transmission as it is dynamically scheduled, and it has a grant for uplink transmission. Hence no additional rule is necessary.
c. In Case 3, a new rule is required either to drop UL or DL transmission. 
FFS: Details of the new rule to further investigated.
d. Case 4 will result in error for the Half Duplex UE and gNB will have to resolve the collision.
e. In Case 5, if dynamic UL transmission is allowed in SSB symbols, no new rule is required (like in Case2).
f. In Case 5, if semi static UL transmission is allowed in SSB symbols, a new rule is required either to drop UL or DL transmission (like in Case 3).
g. For Case 6, new rule is required for UE to stop RACH transmission and continue DL reception.
References
[1] [bookmark: _Ref158213818]RP-234035, Evolution of NR duplex operation: Sub-band full duplex (SBFD), Moderator（CMCC)
[2] [bookmark: _Ref162937399][bookmark: _Ref158213749]RP-240172, WID revision: Evolution of NR duplex operation: Sub-band full duplex (SBFD), Huawei.
[3] [bookmark: _Ref162940763][bookmark: _Ref163136872]3GPP TSG RAN WG1 #116, RAN1 Chair’s Notes, Athens, Greece, February 26th – March 1st, 2024.
[4] [bookmark: _Ref162941162]R1-2402403, Discussion on SBFD Random operation, Changsha, China April 15th – April 19th, 2024.
[5] R1-2401654, Summary #3 of SBFD TX/RX/measurement procedures, Moderator (CATT), Athens, Greece, February 26th – March 1st, 2024.
[6] TR 38.858, Study on Evolution of NR Duplex Operation v2.0.0
[7] [bookmark: _Ref158452007]3GPP TSG RAN WG1 Meeting #114bis, Draft Report of 3GPP TSG RAN WG1 #114 v0.2.0
[8] [bookmark: _Ref163248013]R1- 2402404, Discussion on SBFD Random Access Operation, Tejas networks, Changsha, China, April 15th - April 19th, 2024.
[9] [bookmark: _Ref163247902]“Bandwidth part adaptation; 5G NR user experience & power consumption enhancements,” MediaTek, white paper, 2018

image3.png
Guard "7
RBs -~ B
1 |55
e
Guard [
RBs ~ 5 rrrrrr
DL
SSBrer

Offset to
Point A

Absolute_Freq

frequencyInfoSBFD {
frequencyBandList[0] { freqBandIndicatorNR =78 }
DLsubbandList[0] {
offsetToPointA =40
offsetToCarrier =10
subcarrierSpacing = kHz30
locationAndBandwidth = 28325 }
}
DLsubbandList[1] {
offsetToCarrier =10
subcarrierSpacing = kHz30
locationAndBandwidth = 28494}
}
ULsubbandList[0] {
offsetToPointA
offsetToCarrier
subcarrierSpacing
locationAndBandwidth

}
P_max =23 // Power in dBm

273 (channel
Bandwidth)

=1308 //(104+5)*12
=10

=kHz30

= 14958

Offset to Carrier





image4.png
Slots

seen by
SBFD UE

Frequency

Time

D X X X U

Case 1: {DUD}, DL BWP n DL SBFD subband =¢

Slots

seen by
SBFD UE

D X X X U

Case 2 : {DU}, DL BWP n DL SBFD subband =¢

Frequency




image5.png
TDD UL DL pattern period TDD UL DL pattern period

>

|
i
i
i
i
»
|

|
i
i
i
i
i
i«
i

'
'
'
'
'
'
'
"t
'
'

=

Time Time
Scenario 1: SSB blockis outside Scenario 2: SSB block is inside the

the UL sub band, but presentin UL sub band in SBFD symbols
SBFD symbols

Frequency
Frequency





image6.png




image1.png
Frequency

Time
Slots seen by.”
SBFD UE

Slots seen by
Non SBFD UE

Guard period mentioned by the cell
specific configuration. UE got a smaller
turn around time from Rx to Tx

c





image2.png
Frequency

=

SBFD period
TDD UL DL pattern period

'
'
'
'
'
'
'
" >
' '
' '

3-L-
@

Case 1: SBFD period same as TDD
UL DL pattern period

Frequency

SBFD period

TDD UL DL pattern period TDD UL DL pattern period

Time

Case 2: SBFD period is integer multiple of TDD UL DL pattern period




