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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]	A new study item on “Study on evolution of NR duplex operation” was approved in RAN#94-e [1]. The discussions started in RAN1#109-e. This contribution discusses the potential areas of study related to non-overlapping subband full duplex (SBFD). 
2. Sub-band related enhancements
	A node capable of non-overlapping SBFD, can transmit and receive simultaneously in different sub-bands (SBs) in frequency domain. Thus, a gNB capable of SBFD can perform DL and UL at the same time but using different sub-bands within the same carrier. In this contribution, we focus on only SBFD operation within a TDD carrier according to the following agreement in RAN1#109-e [2].
Agreement
At least study SBFD operation within a TDD carrier.
The following agreement was made in RAN1#110bis-e [3]. 
Agreement
The maximum number of UL subbands for SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier is one for the study in RAN1.
· The UL subband can be located at one side of the carrier.
· The UL subband can be located at the middle part of the carrier, subject to RAN4’s study and conclusion
Note: RAN1 considers the above two possibilities unless RAN4 concludes that any one is infeasible.
Note: Two UL subbands for SBFD operation in an SBFD symbol within a TDD carrier due to SBFD operation in legacy UL symbols is subject to further RAN1 discussions which is 2nd priority as per RAN guidance.
Send an LS to RAN4 to inform the above agreement. If RAN4 has response, it will be taken into account but in the meanwhile, RAN1 work will continue based on the above.
LS on maximum number of UL subbands for duplex evolution to RAN4 is endorsed. Final LS in R1-2210671.
 
Further agreements were made in RAN1#111 [4]. 
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 the purpose of RAN1 study, the understanding is that for semi-static configuration of subband frequency locations for SBFD operation, frequency location of UL/DL subband is with reference to CRB grid.

[image: ]Fig. 1  UL SB in middle part of carrier
[image: ]Fig. 2  UL SB  at one end of carrier
Fig. 1 shows an UL SB in the middle part of the carrier whereas Fig. 2 shows an UL SB at one side of the carrier. Consider a scenario where BWP 1 in Fig. 1 is provided as a DL BWP to a UE. In the SBFD symbols, the UE needs to be aware of the UL SB and guard to avoid DL reception in those time and frequency resources. Similarly, BWP 2 can be another DL BWP to a UE. In case of BWP 1, the full UL SB and 2 guard bands are contained within it. In case of BWP 2, a part of the UL SB and only one guard band is contained within it. Again, BWP 3 in Fig. 2, contains  a part of the UL SB and only one guard band.
Observation 1:  UL subband can fully/partially overlap with  BWP of UEs.
In all these cases, it is enough to provide the time and frequency domain location of the full UL SB to the UE. The frequency domain location can be provided as a combination of the starting subcarrier of the UL SB and the bandwidth in terms of subcarriers/RBs/RBGs. The information can be provided as cell specific signal as well. 
Proposal 1: The frequency domain location of the full UL SB is provided to the SBFD aware UE where the frequency domain location is a combination of the starting subcarrier of the UL SB and the bandwidth in terms of subcarriers/RBs/RBGs.
Apart from that, it is seen from the above figures that the guard band is always in conjuction with the UL SB in time domain. Thus, providing explicit time domain information for the guard band when explicit time domain information is already provided for the UL SB is redundant. 
Observation 2: Always guard band is in conjuction with the UL SB in time domain
Proposal 2: The time location is not explicitly provided for guard bands.
Similarly, in frequency domain, the guard bands are supposed to start where the UL SBs end. Further, in practical scenarios, the bandwidth of the guard band will be less as compared to the bandwidth of the DL SBs. Therefore, signaling the BW of guard band to the UE is efficient compared to signaling the bandwidth of the DL SB. Using the information about UL SB and guard band, the UE implicitly derive the bandwidth of the DL SB. Thus, the signalling overhead required to signal the guard bands will be less as compared to signalling of DL SBs. Based on this, the following observation and proposal is made. 
Observation 3: Frequency location of the guard band(s) is aligned with the end(s) of the UL SB and is not explicitly signalled to the UE.
Proposal 3: Signalling the bandwidth of the guard band(s) is supported.
Proposal 4:  UE implicitly deriving the location and bandwidth of DL SBs, using information of UL SB and guard band, is supported.
3. BWP and TDD Config related enhancements
	Currently in NR, the gNB assigns BWPs to UEs in a UE specific way. Multiple BWPs are assigned to a UE in RRC out of which one BWP remains active for a UE at a given instant of time. The gNB can signal the UE to dynamically switch from one BWP to another BWP from the multiple BWPs assigned to the UE in RRC. If the BWP is switched, the UE follows the same TDD configuration that has been provided to it in RRC. However, for efficient SBFD operation, the gNB might need to dynamically change the TDD configuration at the UE along with the BWP switching. E.g., UE1 has active BWP1 when the gNB is operating in non-SBFD mode. Now, the gNB wants to operate in SBFD mode and for that purpose, it needs to switch the active BWP of UE1 to BWP2 with a new TDD configuration to accommodate other UEs with different TDD configurations within the same band. This new TDD configuration allows the gNB to efficiently operate SBFD in the network. Currently in NR, to do this, the gNB has to provide a new TDD configuration using RRC which is semi-static in nature. Instead, the gNB can  provide multiple BWPs to the UE each associated with a different TDD configuration. Whenever, the UE switches the active BWP, the UE uses the TDD configuration associated with the new active BWP. An example is shown in Fig. 3. In Fig. 3a, the DL/UL BWP pair is associated with the configuration DUUUUU while in Fig. 3b,  the DL/UL BWP pair is associated with the configuration DDDDDU. The gNB has the flexibility to choose between the 2 configurations based on traffic requirements. Based on the above justification, the following is proposed.
[image: ]Fig. 3  Different BWP pairs associated with different TDD configurations for the same UE

Proposal 5:  gNB configuring separate TDD configuration for each BWP pair of the UE is supported.
Further, UE supports TDD configurations and slot formats starting with DL slots/symbols, which again restricts the SBFD operation to certain symbols or certain slot formats. E.g., as shown in Fig. 4,  UE 1 has UL BWP in slot 1 while UE 2 has DL BWP in the same slot. In such a case, it will be beneficial to provide UE 1 with a TDD configuration starting with UL. Instead of slots, the granularity in time can be symbols/groups of slots/frames as well. To allow such flexibility of scheduling and efficient utilization of available bandwidth for SBFD, TDD configurations and SFI formats starting with UL slots/symbols can be introduced.
[image: ]Fig. 4  Illustration to show need for TDD configuration starting with UL

Observation 4: To allow such flexibility of scheduling and efficient utilization of available bandwidth for SBFD, TDD configurations and SFI formats starting with UL slots/symbols can be introduced.

Proposal 6: TDD configurations starting with UL slots/symbols are supported.

4. Resource allocation
The following agreement was made in RAN1#110bis-e [3]. 
Agreement
For SBFD operation at least for RRC_CONNECTED state, it is agreed that SBFD operation Alt 4 is the baseline.
· SBFD operation Alt 4:
· Both time and frequency locations of subbands for SBFD operation are known to SBFD aware UEs. 
· UE behaviors for non-SBFD aware UEs follow existing specifications.
· From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs based on the time and frequency locations of subbands for SBFD operation.
	

The following agreement was made in RAN1#111 [4].
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.
Based on the above agreements, the following paragraphs discuss the new UE behaviours that needs to be introduced for SBFD aware UEs for different signals/channels.

4.1 CSI-RS related enhancement
CSI-RS is a wide band signal and the UE is expected to receive CSI-RS over the entire BWP. Therefore, SBFD operation and UL SB will have an impact on CSI-RS. The following agreement was made in RAN1#110bis-e [3] wrt CSI-RS.
Agreement
Study impact and potential enhancements of CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subbands.
With reference to Fig. 1, the UE in DL may be configured with periodic CSI-RS reception in BWP1. However, as shown in Fig. 1, the UL SB and guard in between makes the DL subbands non-contiguous. In such a case, the UE in DL which has been configured to receive CSI-RS can receive it in the following  ways; 
a. The CSI-RS is only restricted to the DL subbands. E.g.,  separate CSI-RS resources are allocated to the 2 DL subbands. This is shown in Fig. 5.
b. Contiguous CSI-RS resource where the whole symbol is converted into a DL symbol in which CSI-RS is transmitted.
c. Non-contiguous CSI-RS resource- In this case, the CSI-RS resource is contiguous but the sequence filling is skipped in the guard band and UL SB. 
There advantages of the case (b) is that:
i. No changes are required to the specification wrt CSI-RS.
ii. The CSI-RS remains wideband. The quality of channel estimated might be affected if 2 separate CSI-RS resources are allocated to the 2 DL subbands depending on the size of the  DL subbands in frequency domain. 
iii. The CSI can be estimated over the whole BWP (BWP 1 in this case) which can be later used fully as DL. 
[image: ]
Fig. 5 Separate CSI-RS resources in non-contiguous DL subbands
Similarly, option c., has the advantage of UL SB remaining unaffected by the CSI-RS. However, the CSI-RS sequence filling needs to be modified. 
Based on the above discussion, the following proposal is made. 
Proposal 7:  Following options are supported for performing  CSI-RS reception in SBFD  symbols
 Alt 1: Whole symbol is  converted to DL symbol and  CSI-RS reception is  performed
 Alt 2: CSI-RS reception is  skipped in UL SB and guard  band

4.2 SPS and CG related enhancements
Currently in NR, only one frequency domain resource assignment (FDRA) is provided for a particular grant free transmission ID. Once activated, the UE transmits PUSCH with the given resource assignment. However, in SBFD, the UL frequency resources might change dynamically due to changes in SB sizes/location. This can be managed in 2 ways:
a. Different FDRAs for different slot types (SBFD and non-SBFD slots).
b. Provision to change the FDRA of the PUSCH transmission already configured. 
Similar changes will be applicable for SPS PDSCH.

Observation 5: In SBFD, the availability of frequency resources changes dynamically due to changes in SB size/location.

Proposal 8: Study FDRA related enhancement for SPS PDSCH and CG PUSCH.

4.3 Repetition of signals/channels
One of the major use cases of SBFD is to enhance UL coverage by boosting UL SNR. The boosting in SNR is done by repetition of UL signals/channels like PUCCH, SRS etc. 

Proposal 9: Study enhancements related to repetition of UL signals/channels  for coverage enhancement. 
5. SBFD operation in SSB symbols
The following agreement was made in the previous meeting.
Agreement
Study whether SBFD operation in SSB symbols is supported or not.
SBFD operation in SSB symbols will have an impact on initial access, especially for legacy UEs. An idle UE performing SSB measurements will experience UE-to-UE inter subband CLI. Further any impact on SSB due to SBFD operation cannot be informed to the legacy UEs, leading to unnecessary monitoring. E.g., UL transmission in the UL SB happens in an SSB symbol with a certain SSB ID. A legacy UE will still try to perform SSB measurements in that symbol which is unnecessary. Thus, the following proposal is made. 
Proposal 10: SBFD operation is not allowed in SSB symbols. 

6. Conclusion
The following observations and proposals are made in this contribution,
Observation 1:  UL subband can  fully/partially overlap with  BWP of UEs.
Proposal 1: The frequency domain location of the full UL SB is provided to the SBFD aware UE where the frequency domain location is a combination of the starting subcarrier of the UL SB and the bandwidth in terms of subcarriers/RBs/RBGs.
Observation 2: Always guard band is in conjuction with the UL SB in time domain
Proposal 2: The time location is not explicitly provided for guard bands.
Observation 3: Frequency location of the guard band(s) is aligned with the end(s) of the UL SB and is not explicitly signalled to the UE.
Proposal 3: Signalling the bandwidth of the guard band(s) is supported.
Proposal 4:  UE implicitly deriving the location and bandwidth of DL SBs, using information of UL SB and guard band, is supported.
Proposal 5:  gNB configuring separate TDD configuration for each BWP pair of the UE is supported.
Observation 4: To allow such flexibility of scheduling and efficient utilization of available bandwidth for SBFD, TDD configurations and SFI formats starting with UL slots/symbols can be introduced.

Proposal 6: TDD configurations starting with UL slots/symbols are supported.

Proposal 7:  Following options are supported for performing  CSI-RS reception in SBFD  symbols
 Alt 1: Whole symbol is  converted to DL symbol and  CSI-RS reception is  performed
 Alt 2: CSI-RS reception is  skipped in UL SB and guard  band

Observation 5: In SBFD, the availability of frequency resources changes dynamically due to changes in SB size/location.

Proposal 8: Study FDRA related enhancement for SPS PDSCH and CG PUSCH.

Proposal 9: Study enhancements related to repetition of UL signals/channels  for coverage enhancement. 

Proposal 10: SBFD operation is not allowed in SSB symbols. 
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