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Introduction
In this contribution, we shared our views on sub-band resource indication and TX/RX measurement procedures.
Sub-band resource indication 
Semi-static indication of frequency domain location of SBFD sub-bands
	RAN1 #116
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


In RAN1#116 meeting, it has been agreed to support cell-specific configuration on time location indication, and a working assumption has been made for the frequency location indication. One concern from companies is that UE-specific guard band may be needed. Some companies stated that legacy frequency resource configuration are UE-specific (e.g., BWP configuration). Thus, we should study similar scenarios in the current specifications. Regarding UE-specific configured frequency resource, in clause 7 in 38.214, intra-cell guard band configuration is specified for shared spectrum (i.e., NR-U), where sub-channels for transmitting and receiving are configured implicitly according to configured guard band resources. The intra-cell guard bands are configured in UE-dedicated RRC parameter (i.e., ServingCellConfig), which means although configured sub-channels are identical among UEs, the frequency location of sub-channels are still configured through UE-specific RRC signaling. Another example is the common frequency resource (CFR) for multicast, similar to the sub-channel configuration for NR-U, where the CFR for multicast is configured in UE-dedicated RRC parameter (i.e., BWP-DownlinkDedicated). 
Next, regarding cell-specific configured frequency location, an example in current specifications is the CFR for broadcast channels (e.g., MCCH and MTCH). The CFR for MCCH and MTCH can equal to or larger than the initial BWP, and channels MCCH and MTCH can have individual search space configuration other than the search space of initial BWP. It means that the CFR for broadcast is not under a specific BWP, and it can be operated individually. If we follow the same design criteria to configure SBFD frequency location in a cell-specific manner, the UE should be able to transmit or receive signals by using configured frequency resource even if these frequency resources are outside of a BWP. However, this may contradict to the description in the WID that SBFD scheme is within a paired DL/UL BWPs. Thus, a reasonable configuration is to have UL or DL BWP configured larger than cell-specific SBFD UL or DL subband (SB).
Observation 1: In the current specifications, cell-specific configured frequency resource (e.g., CFR for broadcast) can be fully utilized by the UE. Same design criteria should be applied to SBFD frequency location indication.
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Figure 1: example of cell-specific and UE-specific SBFD frequency location indication
Figure 1 shows some examples with such design criteria. In figure 1 (a), a consecutive of frequency resources in the middle of a carrier bandwidth is applicable for UL SB configuration from a gNB perspective. The gNB can configure a subset of frequency resources in the consecutive of frequency resources as cell-specific UL SB. Figure 1 (b) shows an example that the cell-specific UL SB is sufficient to UE 1. Considering the gNB configure DL/UL BWPs with the same frequency range, where one edge of the BWP aligned with an edge of the cell-specific UL SB, and another edge is outside of the UL SB. In this case, the frequency region in the BWP that is not intersected with the UL SB will be the DL SB (with or w/o explicit indication). Figure 1 (c) shows an example that the cell-specific UL SB is not sufficient to UE 2. Thus, the gNB configures a UE-specific UL SB to UE 2, where the UE-specific UL SB includes the cell-specific UL SB. Similar to the last example, the DL SB is determined from the frequency region in the BWP that is not intersected with the UL SB. Then, UE 2 uses the UE-specific UL SB to perform SBFD communication with the gNB. In figure 1 (d), the gNB configures UE 3 a BWP that is wider than the configurable UL SB. In this case, the gNB configures all configurable UL SB resources to UE 3 as UE-specific UL SB. The difference to previous examples is that the wider BWP leads to two DL SBs in two sides of the BWP.
Proposal 1: For cell-specific sub-band frequency resource indication (e.g., configured in ServingCellConfigCommon), UE can transmit and/or receive signals on a frequency resource only if all the configured frequency resources are within its active BWP.
	RAN1 #116
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.


In the last meeting, for the discussion purpose, RAN1 has agreed to use a terminology “usable PRBs” to describe the difference between the configured SB resources and the actual SB for communications. The purpose is to allow the discussion of determining actual SB according to the intersection of configured BWP and cell-specific DL/UL SB resources. However, it may lead to error cases in some BWP configurations. Figure 2 shows an example that the gNB configures a UE with a paired of DL/UL BWPs, where UL and DL BWP has different bandwidths. The UL BWP intersects part of the cell-specific UL SB resources and the DL BWP covers all frequency region of the cell-specific UL SB resources. In this case, the frequency region (red box in the figure 2) in the DL BWP that intersects with the cell-specific UL SB resource but not intersects with the UL BWP will be either undefined or unusable PRBs, or causing high intra-SB CLI. From our perspective, no matter how SB frequency resource is indicated to a UE, such configuration should be identified as an error case.
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Figure 2: example BWP configuration with high CLI frequency region
Proposal 2: UE is not expected to be configured with a DL BWP that overlaps with a cell-specific UL SB resource outside of the paired UL BWP. (e.g., cell-specific UL sub-band should be fully contained in the active UL BWP for the UE to operate in SBFD)    
Regarding the UE-specific guard band, our opinion is that it is possible if the system is to support SBFD for low-end devices (e.g., Redcap UE). The sub-band filter of these devices is not sharp enough to suppress out-of-subband emission in a narrow guard band, thus a wider guard band for these UEs may be necessary. Figure 3 shows some example configurations for UE-specific guard band. In figure 3 (a), the guard band is configured between UL and DL SBs, where UE 2 has a larger guard band than UE 1. In this case, the configuration leads to nonaligned DL SB edges as highlighted with red box, and the UL SB transmission of UE 2 will cause CLI to the DL SB reception of UE 1. An alternative is to configure the UE-specific guard band in the UL SB as shown in figure 3 (b). Considering that most of UEs may not need UE-specific guard band, the guard band can also be indicated through cell-specific configuration as shown in figure 3 (c). From our perspective, methods in figure 3 (b) and (c) are both applicable. How to configure the guard band may up to gNB, but the common part of these methods is that if the UE-specific guard band overlaps the UL SB, the UE interprets the overlapped part as guard band.
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Figure 3: example of UE-specific guard band configurations
Proposal 3: If a configured guard band overlaps with configured UL SB resources, the UE considers the overlapped frequency resources as guard band.
Semi-static indication of time location of SBFD sub-bands
	RAN1 #116
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


According to the agreement above, the periodicity of the SBFD time location (e.g., SBFD pattern) is to be determined. From our perspective, adopt Option 1 is direct and sufficient. If 2 TDD patterns are configured, in one solution, the gNB can configure two SBFD patterns to the UE where the first and second SBFD patterns associate with the first and second TDD patterns, respectively.  In another solution, the gNB configures a SBFD pattern with a periodicity equal to the sum of the periodicity of 2 TDD patterns. 
Regarding Option 2, the proponent of Option 2 wants to reduce the density of SBFD symbols by introducing larger SBFD pattern periodicity. However, this can also be achieved by applying Option 1 with 2 TDD patterns, where one TDD pattern associates fewer or no SBFD symbols. Further, in the current specifications, the periodicity of TDD pattern(s) should be able to divide 20 ms. Thus, if the integer multiple TDD pattern periodicity is configured to a SBFD pattern, it is not guaranteed that the periodicity of the SBFD pattern also divides 20 ms.
Observation 2: The intension of introducing Option 2 can be achieved by Option 1 with 2 TDD patterns. The periodicity of Option 2 may not divide 20 ms.
Proposal 4: If one TDD pattern is configured, the SBFD time location (e.g., SBFD pattern) has the same periodicity as the TDD pattern. If two TDD patterns are configured, the SBFD pattern has the periodicity equal to the sum of periodicities of two TDD patterns.
	RAN1 #116
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. 



Above options are considered to determine link direction of SBFD symbols. To our understanding, Option 1 is the legacy UE behaviour, which will be applied regardless any agreement. The only question is whether to adopt Option 2 or other options on top of Option 1 to determine link directions. The concept of Option 2 is that the UE can predetermine the link direction according to a reference indication (e.g., TDD-UL-DL-ConfigDidicated or SFI by DCI 2_0). In accordance, Option 2 will create a sub-band based TDD pattern, which leads to less applicable frequency resource comparing to legacy TDD.
Observation 3: Comparing to legacy TDD, SBFD with Option 2 have less applicable frequency resource for transmission and reception, which degrades the throughput and increases transmission latency.
Proposal 5: Support (Option 1) that UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).   
TX/RX/measurement procedures
FDRA enhancements in SBFD symbols
	RAN1 116b
Agreement 
For frequency domain resource allocation Type 1 for PDSCH in a single slot scheduled at least by DCI format in USS, discuss and decide whether/which of the following options is supported.
· Option 1-1: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs within DL usable PRBs only
· FFS: DMRS sequence mapping 
· Option 1-2: Only the assigned PRBs within DL usable PRBs are considered to be valid for PDSCH. Assigned PRBs that fall outside DL usable PRBs are considered to be invalid and should not be used for PDSCH resource mapping.
· Existing RB indexing and VRB-to-PRB mapping are reused
· The number of PRBs for TBS determination is based on the assigned PRBs as legacy
· FFS: DMRS sequence mapping 
· Option 2: Introduce new RB indexing/PRB bundle indexing to ensure VRBs are mapped to DL usable PRBs only.
· Existing VRB-to-PRB mapping is reused
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 
· Option 3: Modify VRB-to-PRB mapping interleaver to ensure VRBs are mapped to DL usable PRBs only.
· Existing RB indexing/PRB bundle indexing is reused
· If the interleaver is not enabled, Option 1-1 or Option 1-2 is used
· Legacy TBS determination method is used
· FFS: DMRS sequence mapping 




Regarding the options for handling the case where partial scheduled frequency resource is not in the scheduled sub-band, our preference is to have an option with minimum spec impact. In this regard, Option 1-2 is applicable from our perspective.

Proposal 6: Apply legacy TBS determination (based on the assigned PRBs) for the case where assigned PRBs overlaps with sub-band boundaries. 

Proposal 7: Apply legacy VRB-to-PRB mapping (no new mapping rules for SBFD) for configuring/scheduling transmission on UL or DL sub-bands.
Collision handling
	RAN1 #116
Agreement 10:
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.



For collision handling in SBFD, most legacy collision handling rules can be applied. For example, in case 1 and case 2, dynamic scheduling has a higher priority than configured scheduling. For case 4, gNB should be able to avoid the collision between dynamic scheduled DL and UL. For case 3 (semi-statically configured DL reception vs. semi-statically configured UL transmission), it is identified as an error case in FDD HD for Redcap UE. However, SBFD is configured to allow more UL transmission to a UE, thus UL transmission may have higher priority than DL reception in a SBFD symbol. 

Proposal 8: For collision handling between semi-statically configured DL receptions vs. semi-statically configured UL transmission, the UE transmits UL transmission on UL SB.

Conclusion
Observation 1: In the current specifications, cell-specific configured frequency resource (e.g., CFR for broadcast) can be fully utilized by the UE. Same design criteria should be applied to SBFD frequency location indication.
Proposal 1: For cell-specific sub-band frequency resource indication (e.g., configured in ServingCellConfigCommon), UE can transmit and/or receive signals on a frequency resource only if all the configured frequency resources are within the active BWP.
Proposal 2: UE is not expected to be configured with a DL BWP that overlaps with a cell-specific UL SB resource outside of the paired UL BWP.    
Proposal 3: If a configured guard band overlaps with configured UL SB resources, the UE considers the overlapped frequency resources as guard band.
Observation 2: The intension of introducing Option 2 can be achieved by Option 1 with 2 TDD patterns. The periodicity of Option 2 may not divide 20 ms.
Proposal 4: If one TDD pattern is configured, the SBFD time location (e.g., SBFD pattern) has the same periodicity as the TDD pattern. If two TDD patterns are configured, the SBFD pattern has the periodicity equal to the sum of periodicities of two TDD patterns.
Observation 3: Comparing to legacy TDD, SBFD with Option 2 have less applicable frequency resource for transmission and reception, which degrades the throughput and increases transmission latency.
Proposal 5: Support (Option 1) that UE determines link direction based on configured/scheduled transmissions/receptions and collision handling (if any).   
Proposal 6: Apply legacy TBS determination (based on the assigned PRBs) for the case where assigned PRBs overlaps with sub-band boundaries. 
Proposal 7: Apply legacy VRB-to-PRB mapping (no new mapping rules for SBFD) for configuring/scheduling transmission on UL or DL sub-bands.
[bookmark: _GoBack]Proposal 8: For collision handling between semi-statically configured DL receptions vs. semi-statically configured UL transmission, the UE transmits UL transmission on UL SB.
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