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Background
Several agreements have been achieved in RAN1#111 meeting [1], which could serve as basis for discussion.
	Agreement
For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol

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





SBFD configuration
1.1. UL subbands in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon
At the last meeting, RAN1 has made baseline assumption for UL subbands in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon. One remaining FFS (although it’s not clearly described in the agreement) is that whether to allow DL reception in UL subbands or not. 
Figure 1 shows an example of one TDD cycle with 20 MHz UL subband at the center in the frequency. Figure 1A shows SS/PBCH blocks overlapping with UL subband in time/frequency domain. Figure 1B shows SS/PBCH blocks overlapping with UL subband in time domain. Note that starting symbol n of SS/PBCH blocks is fixed to n = {2, 8, 16, 22, 30, 36, 44, 50} in a half frame. Therefore, if the period of SBFD subband configuration is assumed as 5 slots, 10 slots, or 20 slots like the period of the TDD cycle, it’s difficult to avoid overlapping of SS/PBCH blocks and UL subbands at least in time domain (e.g., Figure 1A and 1B).
If RAN1 agrees on prohibiting DL reception in UL subbands, resource configuration like Figure 1A is impossible. It means that, even if some operators might want to configure 20 MHz bandwidth at the middle as a control subband, or configure the 20 MHz bandwidth for RedCap UEs, SS/PBCH blocks cannot be placed at the center in the frequency.
On the other hand, in Figure 1B, SS/PBCH block is frequency domain multiplexed with the UL subband. In that case, UEs may suffer from strong inter-subband CLI when attempting to receive SS/PBCH blocks. Furthermore, the transmitting UE in the UL subband overlapping with the SS/PBCH block cant receive the SS/PBCH block due to the nature of half duplex at the UE. Since SS/PBCH block should be monitored for radio link monitoring, time-frequency tracking, beam tracking, and beam failure detection, transmitting in UL subbands overlapping with SS/PBCH blocks should not be supported. Thus, such subbands overlapping with SS/PBCH blocks should be invalidated. Therefore, we propose:
Proposal 1: DL receptions outside DL subband(s) are allowed in an SBFD symbol at least when a SS/PBCH block transmission is configured in the SBFD symbol.
Proposal 2: SBFD operations in symbols with SS/PBCH block is not supported.
	

	
 

	Figure 1A: SS/PBCH block overlapping with UL subband in time/frequency
	Figure 1B: SS/PBCH block overlapping with UL subband only in time



1.2. UL subbands in a SBFD symbol configured as flexible in TDD-UL-DL-ConfigCommon
Option 1 is basically the same as what has been agreed for a SBFD symbol configured as DL. Therefore, Option 1 limits usage of flexible symbols to only DUD configuration. However, if the network doesn’t configure subbands in flexible symbols, those symbols could be utilized for transparent SBFD operation. Therefore, we propose:
Proposal 3: For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study the following options for SBFD aware UEs,
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol

SBFD indication
The following agreement has been made for SBFD subband indication at RAN1#110bis e-meeting [2].
	Agreement
For semi-static configuration of subband time locations for SBFD operation, it is agreed that explicit configuration of SBFD subband time locations within a period is the baseline.




For semi-static configuration of subband time locations for SBFD operation, it has been agreed that explicit configuration within a period is the baseline. One remaining issue on the agreement is the definition of the period.
Intuitively, the period could be the same as the period of TDD configuration because it’s duplex evolution. Therefore, we think the period can be provided by TDD-UL-DL-ConfigCommon. 
On the other hand, the TDD configuration provided by TDD-UL-DL-ConfigCommon is optional field in SIB1 for TDD cells, which implies the network may or may not provide the TDD configuration. However, when TDD-UL-DL-ConfigCommon is not provided, all the symbols are flexible symbols. As discussed above, flexible symbols should be utilized for transparent SBFD operations, and therefore we don’t think optimization specific to non-transparent SBFD operations in flexible symbols is not of high priority. Therefore, at least explicit/implicit configuration of length of the period for SBFD subband time location indication should be considered as a baseline.
Proposal 4: For semi-static configuration of subband time locations for SBFD operation, it is agreed that explicit configuration of SBFD subband time locations within a period configured by TDD-UL-DL-ConfigCommon is the baseline.
Further, SBFD operation in initial access should be discussed. In our understanding, msg3 PUSCH repetition should support transmission on UL subbands. Therefore, SBFD subband indication should be available before initial access. Thus, we propose:
Proposal 5: SBFD subband indication should be available before initial access.  
Proposal 6: Msg3 PUSCH repetition should support transmission on UL subbands.
One remaining detail is whether or not explicit guard band indication is necessary. According to RAN4 LS reply, they are still discussing Rx model for victim UE from co-channel aggressor. 
If RAN4 made conclusion that guard bands between DL subband and UL subband is not necessary for victim UE, neither guard band indication nor DL subband indication is necessary. If RAN4 made conclusion that guard bands between DL subband and UL subband is necessary for victim UE, either guard band indication or DL subband is necessary. Therefore, we think the discussion should be highly dependent on RAN4 conclusion.
Proposal 7: Whether or not explicit guard band indication is necessary or not should be discussed after RAN4 made conclusion on necessity of guard bands between subbands.
Potential enhancements to procedure for physical channels and signals
Several agreements for potential enhancements to procedure for physical channels and signals have been achieved in RAN1#111 meeting [1].
	Agreement
Study impact and potential enhancements for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, including at least the following:
· PDCCH, scheduled/configured PUCCH/PUSCH/PDSCH, without repetition in SBFD symbols and non-SBFD symbols
· Scheduled/configured SRS/CSI-RS in SBFD symbols and non-SBFD symbols
· Scheduled/configured TBoMS across SBFD symbols and non-SBFD symbols with or without repetition
· Multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols
· Scheduled/configured PDSCH/PUSCH/PUCCH with repetitions across SBFD symbols and non-SBFD symbols
Note: Inter-slot/intra-slot/inter-repetition/inter-group frequency hopping with DMRS bundling of PUSCH/PUCCH, if applicable, is considered.
Examples of potential enhancements include:
· Resource allocation in frequency domain including frequency hopping
· Resource allocation in time domain
· Power domain
· Spatial domain 
FFS: If the PUCCH/PUSCH/PDSCH/PDCCH can be mapped to SBFD and non-SBFD in the same slot if configured.

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




1.3. Downlink
PDCCH
PDCCH resource configuration except for CORESET 0 is via RBG level bitmap where each RBG comprises of 6 RBs. In NR Rel-15, RBG grid is fixed with reference to Point A. On the other hand, in Rel-16 NR-U, RB-level offset has been introduced for more flexible frequency resource configuration. Therefore, we propose:
Proposal 8: PDCCH enhancement other than CORESET 0 is not prioritized in SBFD SI. 
CORESET 0 is configured via information in MIB, and the configuration flexibility is limited. Therefore, overlap of CORESET 0 with UL subbands in time and/or frequency domain may be discussed. 
CSI-RS
The following agreement has been made for CSI-RS at RAN1#110bis e-meeting [2].
	Agreement
Study impact and potential enhancements of CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subbands.




Figure 2 shows two examples of CSI-RS allocation. Figure 2A shows an example of CSI-RS allocation where the CSI-RS is overlapping with the UL subband. In this option, the UE is supposed to assume that CSI-RS REs inside the UL subband is not available. No change in RRC information elements would be necessary for this example.
On the other hand, In Figure 2B, single CSI-RS is configured with two partitions. In this option, RRC information elements may need to change such that a CSI-RS resource configuration includes two partitioned resources.
Proposal 9: The following two options can be further studied for CSI-RS in SBFD region:
· CSI-RS allocation overlapping with the UL subband
· CSI-RS configured with two partitions
	

	
 

	Figure 2A: CSI-RS allocation overlapping with the UL subband
	Figure 2B: CSI-RS allocation with two partitions



PDSCH
RA type-0
Figure 3 shows an example of RBG assignment for RA type-0. As an illustrative example, it is assumed that the number of resource blocks in the active BWP is 24, and the RBG size is 4. In this case, RBG#X is comprised of resource block with index 4X to index 4X+3. Further, it is assumed that the subband#0 is comprised of resource block with index 0 to index 6, the subband#1 is comprised of resource block with index 9 to index 13, and the subband#2 is comprised of resource block with index 16 to 23.
System performance is not degraded if RBG#2 and RBG#3 are handled by gNB implementation. On the other hand, system performance degradation occurs when RBG#1 is handled solely by gNB implementation since it implies PRB#4, 5 and 6 becomes unavailable. 
To handle the issue, modification to RA type-0 can be considered. That is, the gNB may indicate allocation of RBGs which are partially mapped outside of DL subbands, and the UE recognizes only the PRBs in the DL subbands are allocated when the PDSCH is scheduled in SBFD symbols. 
Proposal 10: The following modified RA type-0 should be considered:
· The gNB indicates allocation of RBGs which are partially mapped outside of DL subbands
· The UE recognizes only the PRBs in the DL subbands are allocated when the PDSCH is scheduled in SBFD symbols


Figure 3: Example of RBG assignment for RA type-0
RA type-1
We had extensive discussion on whether to study resource allocation for PDSCH. In our view, type-1 RA with DCI format 1_0 in USS is of the highest priority. The reason is that DCI format 1_0 in USS only supports type-1 RA, and it has possibility of wideband allocation (over 100 MHz). On the other hand, maximum bandwidth for type-1 RA with DCI format 1_0 in CSS is limited to the size of CORESET 0 as long as the CORESET 0 is configured in the cell. Maximum bandwidth of CORESET 0 is less than 20 MHz for FR1. Therefore, the maximum bandwidth for type-1 RA can be confined in any subband. Therefore, we propose:
Proposal 11: Enhancement to RA type-1 should be studied in SBFD.
1.4. Uplink
According to TS38.213, any uplink transmission is prohibited on downlink symbols. In this section, we assume that the restriction on uplink transmission is relieved such that at least some uplink transmissions can be performed on uplink subbands in downlink symbols.
PUCCH
Single slot PUCCH (including PUCCH for msg4 HARQ-ACK) triggered by a DCI format has flexibility in time and/or frequency domain enough to avoid overlapping with DL subbands. Therefore, we propose:
Proposal 12: Enhancement to single slot PUCCH triggered by a DCI format is not prioritized in SBFD.
PUCCH repetition is mapped to available uplink slots continuously starting at the first slot indicated or configured by the gNB where the UE refers to TDD pattern to determine availability of uplink slots. 
Figure 4 to 6 show examples of 8 repetitions for PUCCH repetition. Figure 4 shows an example in which the repetitions are transmitted in both the SBFD region and the legacy UL region. Repetitions are mapped continuously in the SBFD region and the legacy UL region, and they are not mapped in the legacy DL region. In this example, Rep#4 and Rep#5 leads to uplink resource fragmentation which has been discussed and addressed in Rel-17 RedCap. To reduce fragmentation, different frequency resource allocation for each region like Figure 5 may be considered further. In Figure 5, different starting RBs and different hopping offsets (i.e., Offset#0 and Offset#1) are provided for each region such that the repetitions are placed on the edge of each available uplink resource. Figure 6 is another example to reduce fragmentation in the legacy region, where the repetitions are mapped only in the SBFD region. In this example, we can keep the simplicity of transmission/reception procedure for repetition due to the aligned frequency resource.
There could be at least three alternatives for enhancements to PUCCH repetition as follows:
1. PUCCH repetitions are mapped to SBFD symbols and uplink symbols where a frequency resource allocation is applied to both symbol types
2. PUCCH repetitions are mapped to SBFD symbols and uplink symbols where different frequency resource allocations are applied to each symbol type
3. PUCCH repetitions are mapped only to SBFD symbols
Alt.1 has the best potential coverage enhancement and latency reduction considering availability of joint channel estimation. Therefore, we slightly prefer Alt.1. On the other hand, uplink resource fragmentation is severe since the repetition in the uplink symbols are at the middle of the carrier. Alt.2 solves the uplink resource fragmentation issue. However, it cannot maximize joint channel estimation opportunity due to different frequency resource in each symbol type. Alt.3 also solves the uplink resource fragmentation issue. However, latency would increase.
Proposal 13: The following 3 alternatives could be further studied for enhancement to PUCCH repetition:
1. PUCCH repetitions are mapped to SBFD symbols and uplink symbols where a common frequency resource allocation is applied to both symbol types
2. PUCCH repetitions are mapped to SBFD symbols and uplink symbols where different frequency resource allocations are applied to each symbol type
3. PUCCH repetitions are mapped only to SBFD symbols


Figure 4: Repetitions transmitted in both the SBFD region and the legacy UL region


Figure 5: Repetitions transmitted in both the SBFD region and the legacy UL region with different frequency resource for the SBFD region and the legacy UL region


Figure 6: Repetitions transmitted only in SBFD region
Configured PUCCH (e.g., SR PUCCH, PUCCH for SPS HARQ-ACK) has the same issues on fragmentation. Like PUCCH repetition case, there could be at least three alternatives for enhancements to configured PUCCH as follows:
1. A common frequency resource allocation is applied to each symbol type
2. Different frequency resource allocations are applied to each symbol type
3. Configured PUCCH transmission is restricted to only one symbol type
Proposal 14: The following 3 alternatives could be further studied for enhancement to configured PUCCH:
1. A common frequency resource allocation is applied to each symbol type
2. Different frequency resource allocations are applied to each symbol type
3. Configured PUCCH transmission is restricted to only one symbol type
PUSCH
Single slot PUSCH (including msg3 PUSCH) scheduled by a DCI format has flexibility in time and/or frequency domain enough to avoid overlapping with DL subbands. Therefore, we propose:
Proposal 15: Enhancement to single slot PUSCH scheduled by a DCI format is not prioritized in SBFD.
PUSCH repetitions has similar issues with PUCCH repetition. Therefore, we propose:
Proposal 16: The following 3 alternatives could be further studied for enhancement to PUSCH repetition:
1. PUSCH repetitions are mapped to SBFD symbols and uplink symbols where a common frequency resource allocation is applied to both symbol types
2. PUSCH repetitions are mapped to SBFD symbols and uplink symbols where different frequency resource allocations are applied to each symbol type
3. PUSCH repetitions are mapped only to SBFD symbols
Configured PUSCH (e.g., for type-1/2 configured scheduling) has similar issues with configured PUCCH. Therefore, we propose:
Proposal 17: The following 3 alternatives could be further studied for enhancement to configured PUSCH:
1. A common frequency resource allocation is applied to each symbol type
2. Different frequency resource allocations are applied to each symbol type
3. Configured PUSCH transmission is restricted to only one symbol type
Conclusion
In this contribution, we have the following observations:
In this contribution, we have the following proposals:
Proposal 1: DL receptions outside DL subband(s) are allowed in an SBFD symbol at least when a SS/PBCH block transmission is configured in the SBFD symbol.
Proposal 2: SBFD operations in symbols with SS/PBCH block is not supported.
Proposal 3: For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study the following options for SBFD aware UEs,
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol

Proposal 4: For semi-static configuration of subband time locations for SBFD operation, it is agreed that explicit configuration of SBFD subband time locations within a period configured by TDD-UL-DL-ConfigCommon is the baseline.
Proposal 5: SBFD subband indication should be available before initial access.  
Proposal 6: Msg3 PUSCH repetition should support transmission on UL subbands.
Proposal 7: Whether or not explicit guard band indication is necessary or not should be discussed after RAN4 made conclusion on necessity of guard bands between subbands.
Proposal 8: PDCCH enhancement other than CORESET 0 is not prioritized in SBFD SI. 
Proposal 9: The following two options can be further studied for CSI-RS in SBFD region:
· CSI-RS allocation overlapping with the UL subband
· CSI-RS configured with two partitions
Proposal 10: The following modified RA type-0 should be considered:
· The gNB indicates allocation of RBGs which are partially mapped outside of DL subbands
· The UE recognizes only the PRBs in the DL subbands are allocated when the PDSCH is scheduled in SBFD symbols
Proposal 11: Enhancement to RA type-1 should be studied in SBFD.
Proposal 12: Enhancement to single slot PUCCH triggered by a DCI format is not prioritized in SBFD.
Proposal 13: The following 3 alternatives could be further studied for enhancement to PUCCH repetition:
1. PUCCH repetitions are mapped to SBFD symbols and uplink symbols where a common frequency resource allocation is applied to both symbol types
2. PUCCH repetitions are mapped to SBFD symbols and uplink symbols where different frequency resource allocations are applied to each symbol type
3. PUCCH repetitions are mapped only to SBFD symbols
Proposal 14: The following 3 alternatives could be further studied for enhancement to configured PUCCH:
1. A common frequency resource allocation is applied to each symbol type
2. Different frequency resource allocations are applied to each symbol type
3. Configured PUCCH transmission is restricted to only one symbol type
Proposal 15: Enhancement to single slot PUSCH scheduled by a DCI format is not prioritized in SBFD.
Proposal 16: The following 3 alternatives could be further studied for enhancement to PUSCH repetition:
1. PUSCH repetitions are mapped to SBFD symbols and uplink symbols where a common frequency resource allocation is applied to both symbol types
2. PUSCH repetitions are mapped to SBFD symbols and uplink symbols where different frequency resource allocations are applied to each symbol type
3. PUSCH repetitions are mapped only to SBFD symbols
Proposal 17: The following 3 alternatives could be further studied for enhancement to configured PUSCH:
1. A common frequency resource allocation is applied to each symbol type
2. Different frequency resource allocations are applied to each symbol type
3. Configured PUSCH transmission is restricted to only one symbol type
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