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1 [bookmark: _Ref129681862][bookmark: _Ref124589705]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 the last meeting RAN1#109-e. This contribution discusses the potential areas of study related to non-overlapping subband full duplex (SBFD). 
2 Implementation of SBFD
	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 different sub-bands within the same carrier. In this contribution, we focus on only SBFD operation within a TDD carrier according to the agreement in RAN1#109-e [2].
Agreement
At least study SBFD operation within a TDD carrier.
In RAN1#109-e [2], the following agreement was made related to implementation of SBFD in the network.
Agreement
Study whether/how to inform the UE of the time and/or frequency location of subbands that gNB would use for SBFD operation.
This section discusses the various enhancements related to implementation of SBFD in the network.
Sub-band related enhancement
[image: ]Fig. 1  SBFD  with 1 UL SB between DL SBs
	A scenario for SBFD is illustrated in Fig. 1, where an UL SB defined between DL SBs. BWP 1 is configured to a UE for DL operation. Whenever, gNB is operating in SBFD, the UE is expected to receive DL only in the DL SB within the BWP1, whereas in normal operation of gNB the entire BWP1 is available at UE for DL operation. If the gNB informs the UE about the frequency location of the UL SB and the time instant in which SBFD is active, then the UE can use this information to adjust the size of BWP1 to receive DL. This will be particularly useful in cases of scheduled periodic DL signals like CSI-RS or SPS. 
Observation 1: Providing frequency location of sub-band and time instants of SBFD operation to UE will be helpful in scenarios of scheduled periodic signals. 
Proposal 1: Signaling of frequency location of sub-band and time instants of SBFD operation from gNB to UE is supported.
BWP related enhancement
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. Based on the above justification, the following is proposed.

Proposal 2:  gNB configuring separate TDD configuration for the BWPs of the UE is supported.

TDD configuration related enhancement
In NR, a common TDD configuration is given for all the UEs in a cell, and it configures a set of slots of the UEs as either DL/UL. In Fig. 2 the UE1, UE2 and UE3 are provided with common DL configuration for few slots in the beginning of the frame and common UL configuration for slots in the end of the frame. Therefore, a gNB cannot configure a UE as DL, another one as UL and perform SBFD operation in the set of slots configured using common TDD configuration. The dedicated TDD configuration provides UE specific configuration, but it overrides only the slots/symbols configured as F by the common TDD configuration. Hence, gNB can perform SBFD only in the slots/symbols configured as F by common TDD configuration. E.g., in Fig. 2, the SBFD operation  is limited to the middle portion of the frame which are configured by dedicated TDD and SFI. To overcome this limitation, introduce provision for dedicated TDD configuration/SFI overriding common TDD configuration. This will provide more flexibility to the gNB and allow SBFD operation in slot/symbol configured as DL/UL/F by the common TDD configuration. 
Observation 2:  SBFD operation at gNB is limited to the slots/symbols configured as flexible by the TDD common configuration. 
Proposal 3: Provision to override common TDD configuration by dedicated TDD configuration/SFI in certain scenarios is supported.

[image: ]
Fig. 2 An illustration of SBFD operation by a BS scheduling 3 UEs

[image: ]
Fig. 3  SBFD in different non-overlapping sub-bands
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., a dynamic SBFD scenario is illustrated in Fig. 3. The gNB receives UL in sub-band 1 in slot 1 and performs DL in sub-band 2 in the same time resources. 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.

Proposal 4: TDD configurations starting with UL slots/symbols are supported.
3 Potential enhancements to resource allocation
The following agreement was made in RAN1#109-e [2].
Agreement
Study the impact/potential enhancements of resource allocation in symbols with subbands that gNB would use for SBFD operation.
A UE in DL is expected to receive periodic CSI-RS. The CSI-RS is a wide band signal that is expected to be received in the whole BWP to enable wideband channel estimation. With reference to Fig. 1, the UE in DL may be configured with periodic CSI-RS reception in whole BWP1. A gNB performing SBFD in that case leads to conflict between CSI-RS and UL SB. In such a case, rate matching can be done in the UL SB to accommodate the CSI-RS as shown in Fig. 4. This will ensure that the CSI-RS resource remains unmodified, thereby enabling wide band channel estimation.  

[image: ]Fig. 4 DL and UL in orthogonal frequency resources but same time resources in terms of individual REs
Proposal 5: Support rate matching in UL sub-band to support wideband DL RS. 
	SBFD at a gNB has different use cases like reducing latency of data traffic exchange, UL coverage enhancement etc., which will have an impact on various channels. Certain enhancements will be needed in the data, control channels or RS for efficient implementation of the SBFD scheme E.g., UL coverage can be enhanced by repetition of data signals, control signals or reference signals (RS). 
Observation 3: Different use cases of SBFD will have impacts on the different channels.
Proposal 6: Study enhancements to data channel, control channel and RS to support different use cases of SBFD.
4 Impact on reciprocity
Implementing SBFD at the gNB results in inter sub-band interference between UL and DL sub-bands. The amount of interference depends upon the transmit power at the gNB, the guard between the sub-bands, etc. Further, the gNB might be capable of suppressing a certain amount of the interference by activating dedicated circuitry or techniques like beamforming. Another way to reduce the interference is to have separate panels for DL and UL operations at the gNB. The physical separation between the panel will ensure a minimum level of interference. The major bottleneck of this implementation will be its effect on reciprocity. In NR, many procedures assume reciprocity between DL and UL channels. E.g., the UE uses pathloss measured on DL RS for performing power control in UL. Thus, there is a need to study the impacts of using different panels at the gNB for DL and UL on reciprocity assumption of channels. 
Observation 4: Using different panels at the gNB for DL and UL operation reduces interference but impacts reciprocity assumption between UL and DL channels.
Proposal 7: Study the impacts of using different panels at the gNB for DL and UL operations on reciprocity assumption of channels.
5 Conclusion
The following observations and proposals are made in this contribution,
Observation 1: Providing frequency location of sub-band and time instants of SBFD operation to UE will be helpful in scenarios of scheduled periodic signals. 
Proposal 1: Signaling of frequency location of sub-band and time instants of SBFD operation from gNB to UE is supported.
Proposal 2:  gNB configuring separate TDD configuration for the BWPs of the UE is supported.
Observation 2:  SBFD operation at gNB is limited to the slots/symbols configured as flexible by the TDD common configuration. 
Proposal 3: Provision to override common TDD configuration by dedicated TDD configuration/SFI in certain scenarios is supported.
Proposal 4: TDD configurations starting with UL slots/symbols are supported.
Proposal 5: Support rate matching in UL sub-band to support wideband DL RS. 
Observation 3: Different use cases of SBFD will have impacts on the different channels.
Proposal 6: Study enhancements to data channel, control channel and RS to support different use cases of SBFD.
Observation 4: Using different panels at the gNB for DL and UL operation reduces interference but impacts reciprocity assumption between UL and DL channels.
Proposal 7: Study the impacts of using different panels at the gNB for DL and UL operations on reciprocity assumption of channels.
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