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In 3GPP TSG RAN1 # 109-e meeting, regarding the SBFD operation the following agreements were reached to consensus [1]. 
	Agreement
Study whether/how to inform the UE of the time and/or frequency location of subbands that gNB would use for SBFD operation.
Agreement
Study the impact/potential enhancements of resource allocation in symbols with subbands that gNB would use for SBFD operation.
Agreement
At least study SBFD operation within a TDD carrier.
Conclusion
For discussion purpose only, SBFD symbol is defined as symbol with subbands that gNB would use for SBFD operation. 
Conclusion
For discussion purpose, for SBFD operation within a TDD carrier, a SBFD subband consists of 1 RB or a set of consecutive RBs for the same transmission direction.
Agreement
The time and frequency location of subbands within a TDD carrier are not fixed in the specification.
· Subject to any RAN4 guidance on minimum or maximum subband and guard band size and subband location within TDD carrier. 
· Note that whether the time and/or frequency location of subbands are informed to UE is separately discussed.



[bookmark: _GoBack]In this contribution, we provide our views on the remaining issues of SBFD operation, i.e. the basic features and requirement of SBFD operation, the configuration and indication of sub-bands to the UE that gNB would use for SBFD operation, and the interference management in SBFD operation.  
Features and Requirements of SBFD operation 
According to 3GPP RAN1 #109-e meeting, it was an agreed that a sub-band can be a set of consecutive RBs for the same transmission direction i.e. UL or DL direction in a resource grid of a conventional TDD band. However, the detail features and requirements of sub-bands i.e. the granularity, the bandwidth, and the numbers of sub-bands within a TDD band, have not decided yet. Below we provide our views on the basic requirements and features of sub-bands. 
Granularity of sub-bands 
Granularity is a key feature of a sub-band, which can further clarify the frequency resources assigned to a sub-band. In 3GPP RAN1#109-e meeting, several companies provide diverse views on the definition of  the granularity of a sub-band, e.g. RB based granularity, RE based granularity, or BWP based granularity. In our view, the most feasible option to consider for a granularity of a sub-band is resource block (an RB). Since the number of RB is a configurable parameter according to the SCS of different numerology. Thus, RB based granularity may allow gNB to adjust the bandwidth of a sub-band according to the DL or UL traffic requirements.  
Proposal 1: Support RB based granularity for a sub-band. 
Bandwidth and numbers of sub-bands 
The bandwidth of a sub-band may depends on several physical resources of NR specification, such as the channel bandwidth of a TDD band for each sub carrier spacing (SCS) in which the sub-bands are located, the number of sub-bands in a TDD band, the bandwidth of Guard bands between the sub-bands, and the number of guard bands. Taking all the aforementioned parameters into account, it may be more feasible to consider a configurable bandwidth for a sub-band which can be calculated according to the following equation. 
            
Where 
 is the NR TDD band channels Bandwidth in which sub-bands are configured, as define in [TS 38.104 clause 5.3.5 Table [5.3.5-1]] for each SCS in FR1 and FR2
 is the numbers of Guard bands 
 represent the bandwidth of Guard bands defined for sub-bands
 is the total number of sub-bands in a conventional TDD bands 
Regarding the number of sub-bands in a TDD band, a configurable numbers of sub-bands with a defined minimum and maximum number’s range in a TDD band can be consider. For minimum number of sub-bands within a TDD band, it is a matter of common understanding that, at-least 2 sub-bands are necessary to consider, = one of these sub-band in DL, UL or flexible slots/symbols can be used in opposite transmission direction. For maximum number of a sub-band within a TDD band, a maximum limit of sub-band’s number may requires further study.  
Proposal 2: Consider a configurable bandwidth of DL and UL sub-bands. 
Proposal 3: Consider a defined minimum and maximum range of numbers of sub-bands within a TDD band. 
Allocation of time/frequency resources to DL/UL sub-bands 
Regarding the frequency resources allocations to the DL/UL sub-bands, there are two possible options. Option 1, is to assume that the inner part of the carriers of a TDD can be allocated for an opposite direction sub-band. For instance, the frequency location of an UL sub-band in DL slots/symbols may located in the inner part of carriers or the inner RBs between the two DL sub-bands, as shown in Figure 1. Option 1, have the advantage to avoid the CLI from the adjacent gNBs, which are using the same TDD bands in different direction. However, option 1 requires at least three sub-bands and two guard bands in order to allocate the inner sub-band for UL direction in DL slots. Furthermore, option 1 may also increase the gNB self-interference as explained in section 4.1.
Option 2, is to assume that the frequency location of an UL sub-bands in DL slots/symbols are located in the edge RBs or the outer carrier of a TDD band, as shown in Figure 2a and 2b. In option 2, it is also possible to consider only two sub-bands in a TDD band as shown in Figure 3a and 3b. Option 2 have the advantage over option 1, in terms of gNB flexibility to define a flexible numbers of sub-bands, e.g. either two sub-bands or three sub-bands. In addition, in option 2, only one guard band is required to separate the UL sub-band from the DL sub-bands, and thus it can efficiently utilize the frequency resources. Furthermore, option 2, may also reduce the gNB self-interference as explained in section 4.1. 



Figure 1 UL sub-band in the inner RBs of the DL slots/symbols



Figure 2a UL sub-bands in the upper edge RBs                 Figure 2b UL sub-bands in the lower edge RBs                                          



Figure 3a Two sub-bands with one UL sub-band          Figure 3b Two sub-bands with one UL sub-band                                           

Observation 1: Allocation of frequency resources to a sub-band in the inner RBs or inner carrier of a TDD band may;
· Reduces the interference from the adjacent gNB but it may increase the gNB self-interference 
· Requires at least three sub-bands within a TDD band
· Requires two guard bands to separate the opposite direction sub-bands.  

Observation 2: Allocation of frequency resources to a sub-band in the outer RBs or outer carrier of a TDD band may;
· Increase the interference from the adjacent gNB but reduces the gNB self-interference 
· Defines flexible numbers of sub-bands e.g. either two sub-bands or three sub-bands 
· Requires only one guard band. 

Proposal 4: It is up to the gNB implementation whether to select the inner carriers or outer carriers of a TDD band for an opposite direction sub-bands in DL, UL or flexible slots. 
In RAN1#109-e meeting email discussion, an issue related to the DL sub-bands in UL slots were discussed. In our view, there are several scenarios where the DL dominant traffic is existed such as the industrial actuators where the traffic is mainly DL dominant control related functions. For that reason, it may also be useful for SBFD operation to support and further study the DL sub-bands in UL or flexible slot/symbols. 
Proposal 5: Support the following:
· UL sub-bands in DL or Flexible slots/symbols
· DL sub-bands in UL or Flexible slots/symbols.

Configuration and indication of sub-bands to the UE 
In SBFD operation, an issue regarding the indication of time frequency location of sub-bands to the UE that gNB would use for SBFD operation is still under discussion. In 3GPP RAN1#109-e meeting the two general methods such as the semi static configuration through TDD-UL-DL-ConfigCommon and TDD-UL-DL-ConfigDedicated, and dynamic indication through SFI of the current specification were proposed by several companies. In section 3.1 and section 3.2, we explain our views on reusing the existing conventional TDD configuration for SBFD configuration. 
Semi static Configuration 
Re-using the semi-static configuration of the current specification may requires an explicit indication of the time frequency resources of an opposite direction’s sub-bands in TDD-UL-DL-ConfigCommon or TDD-UL-DL-ConfigDedicated. In other words, the IE for UL sub-band in DL or flexible slots/symbols may needs to include an explicit configuration of, the DL slots/symbols where the frequency resources of the UL sub-bands can be allocated, the number and starting of UL RBs such as startingofUplinkRBs, NRofUplinkRBs, and the RBs of the guard bands. 
Similarly, the IE for DL sub-band in UL slots may needs to include an explicit configuration of, the UL slots/symbols where the frequency resources of DL sub-bands can be allocated in UL slots, the number and starting of DL RBs  such as startingofDownlinkRBs, NRofDownlinkRBs , and the RBs of the guard bands. 
Observation 3: Re-using the existing configuration of conventional TDD for SBFD configuration may requires; 
· To include an explicit configuration of NRofUplinkRBs, startingofUplinkRBs and RBs of guard bands for UL sub-band in DL or flexible slots/symbols. 
· To include an explicit configuration of NRofDownlinkRBs, startingofDownlinkRBs and RBs of guard bands for DL sub-band in UL or flexible slots/symbols. 


 Dynamic Indication of sub-bands 
SFI of the current specification, which is carried by DCI format 2_0, is used for indication of DL or UL slots in conventional TDD. In order to make the current SFI capable for the indication of the time frequency resources of sub-bands to the UE, several new fields may needs to be included in the SFI. For instance, the SFI for indication of the UL sub-bands in DL slots may include the indication of the following fields. 
· Indication of the starting of UL RBs in DL slots 
· Indication of the number of UL RBs in DL slots 
· Indication of the RBs of Guard Band
Similarly, the SFI for the DL sub-bands in UL slots may include the indication of following fields.
· Indication of the starting of DL RBs in UL slots 
· Indication of the number of DL RBs in UL slots 
· Indication of the RBs of Guard Band
Observation 4: In order to make the current specification SFI suitable for sub-bands indication, the following fields may need to includes in the current SFI indication;
· Indication of the starting of RBs of the opposite transmission sub-band
· Indication of the number of RBs of the opposite transmission sub-band
· Indication of the RBs of Guard Band

Static Configuration and dynamic indication and activation de-activation of sub-bands
Re-using the existing conventional TDD configuration for SBFD operation may increase the higher layer signaling, and the gNB complexity in handling of collision between SSB and UL sub-bands transmission or PRACH occasion and DL sub-band transmission at the same time slots/symbols. In order to solve these issues, an alternative method of SBFD configuration to inform one or more UEs about the time and/or frequency location of sub-bands can be defined. In this method, the network/gNB could use higher layer RRC static configuration to configure the time/frequency location and bandwidths of a pool or a number of sub-bands to all SBFD UEs in a cell, and the network/gNB would further use phsycial layer signaling i.e. DCI or MAC layer signaling i.e. MAC CE to indicate the DL/UL sub-bands, and activate/de-activate the DL/UL sub-bands to the one or more UEs in a cell. This configuraion and indcation method may simplify the higher layer configuration for SBFD operation, reduce the higher layer signaling overhead, and make the SBFD operation more flexible especially in handling the collision of SSB and UL sub-band tranmission at the same time slots/symbols. 
Observation 5: Re-using the existing conventional TDD configuration for SBFD operation may encounter the following issues 
· Increas the higher layer singlaings 
· Increase the gNB complexity in handling of collisin btween SSB and UL sub-band tranmission
Observation 6: Static configuration and dynamic indication and activation/de-activation of DL/UL sub-bands to the UE may 
· Reduce the higher layer signlaing 
· Increase the flexibility of gNB to handle the collision of SSB and UL sub-band trasnmission 
· 
Proposal 6: study an alternative method of SBFD configuration, where RRC static configuration can be used to configure a pool of sub-bands to all the SBFD capable UEs in a cell and DCI or MAC CE can be used to indicate and activate/de-activate the DL/UL sub-bands to one or more UEs in a cell. 
Interference management in SBFD operation
gNB self-Interference 
For gNB self-interference handling, several solutions proposed in 3GPP RAN1#109-e meeting such as, Tx/Rx isolation, spatial domain isolation, and advance receiver. Although, most of these solutions are useful but they may increase the hardware cost. In our view, together with the hardware enhancement based solutions, several other cost effective solutions based on the sub-band carrier or RBs configuration can be studied, in order to reduce the effect of gNB self-interference. For instance, when an UL sub-band in DL slots configured in such a way that the UL sub-band located in the inner RBs of a TDD band as shown in Figure 4. It will create double fold gNB self-interference; the interference of the upper RBs of DL sub-band to the inner RBs of the UL sub-band (self-interference 1), and the interference of the lower RBs of DL sub-band to the inner RBs of the UL sub-band (self-interference 2) as shown in the Figure 4. 


Figure 4 gNB Self Interference
Observation 7: The UL sub-bands in DL or flexible slots/symbols in the inner carriers or inner RBs of a TDD band may create double fold gNB self-interference. 
This double fold gNB self-interference can be reduce by configuring the edge carriers or outer RBs for an opposite direction sub-band. For instance, the configuration of UL sub-band in DL slots in the lower RBs or upper RBs may reduce the double fold gNB self-interference to one fold gNB self-interference (self-interference 1) as shown in the Figure 5a and 5b. Furthermore, decreasing the number of sub-bands within a TDD band may also help in reducing the effect of gNB self-interference. 




Figure 5a Sub-bands configuration in upper RBs                   Figure 5b Sub-bands configuration in Lower RBs         
            
Observation 8: The UL sub-bands in DL or flexible slots/symbols in the edge RBs may reduce the gNB self-interference. 
Observation 9: Less number of sub-bands within a TDD band may reduce the gNB self-interference.
Co-channel Intra sub-bands interference management
gNB to gNB co-channel intra sub-band interference may exists when the neighbor’s gNBs configured with different sub-bands parameters as explained below: 
1. Allocating different bandwidth of UL to UL and DL to DL sub-bands between the neighbor gNBs as shown in Figure 6a. In this case, the same set of RBs of DL sub-band at gNB1 may create intra sub-band interference to the same set of RBs of the UL sub-band at gNB2. 
2. Allocating dissimilar sub-bands to UL and DL transmission between the neighbor gNBs as shown in Figure 6b. In this case, the DL sub-band#2 at gNB1 and DL sub-band#1 at gNB2 may create intra sub-band interference to the UL sub-band#2 at gNB2 and UL sub-band#1 at gNB1 respectively. 
3. Allocation of dissimilar quantity of sub-bands to UL and DL transmission between neighbor gNBs as shown in Figure 7a. In this case, the DL sub-band#2 at gNB1 may create intra sub-band interference to the UL sub-band#2 at gNB2. 
4. Configuration of different numbers of sub-bands between neighbor gNBs as shown in Figure 7b.In this case, a similar set of RBs of DL sub-band#2 at gNB1 may create intra sub-band interference to the similar set of RBs of UL sub-band#1 at gNB2. 



Figure 6a different bandwidth scenario                                            Figure 6b dissimilar sub-bands scenario 




Figure 7a different sub-bands allocation scenario            Figure 7b different sub-bands number scenario
In the same way, the aforementioned scenarios may also create UE to UE co-channel intra sub-band interference. 
In our view, the gNB to gNB and UE to UE co-channel intra sub-band interference can be avoided. For this purpose, the neighbor gNBs may need to exchange SBFD assistance information among each other, such as the bandwidth of sub-band, the number of configured sub-bands, the allocation of sub-band to UL/DL transmission etc. Based on the information exchange, the neighbor gNBs can adopt the following solutions points to avoid the intra sub-band interference.
1. Keep the same bandwidth of UL to UL and DL to DL sub-bands among the neighbor gNBs
2. Assign alike sub-bands to UL and DL transmission among the neighbor gNBs 
3. Allocate similar quantity of sub-bands to DL and UL transmission among the neighbor gNBs 
4. Configure similar numbers of sub-bands among the neighbor gNBs 

Observation 10: The following scenarios may create gNB to gNB and UE to UE co-channel intra sub-band interference;
1. Allocating different bandwidth to the UL to UL and DL to DL sub-bands among neighbor gNBs 
2. Allocation of dissimilar sub-bands to UL and DL transmission between neighbor gNBs
3. Allocation of dissimilar quantity of sub-bands to UL and DL transmission between neighbor
4. Configuration of different numbers of sub-bands between neighbor gNBs

Proposal 7: To avoid the intra sub-band interference in SBFD operation the neighbor’s gNB shall:
· Keep the same bandwidth of UL to UL and DL to DL sub-bands among the neighbor gNBs
· Assign alike sub-bands to UL and DL transmission among the neighbor gNBs 
· Allocate similar quantity of sub-bands to DL and UL transmission among the neighbor gNBs 
· Configure similar numbers of sub-bands among the neighbor gNBs 









Conclusion
In this contribution we discussed the basic features and requirement of SBFD operation, the configuration and indication of sub-bands to the UE that gNB would use for SBFD operation, and the interference management in SBFD operation, and made the following observations and proposals.
Observation 1: Allocation of frequency resources to a sub-band in the inner RBs or inner carrier of a TDD band may;
· Reduces the interference from the adjacent gNB but it may increase the gNB self-interference 
· Requires at least three sub-bands within a TDD band
· Requires two guard bands to separate the opposite direction sub-bands.  

Observation 2: Allocation of frequency resources to a sub-band in the outer RBs or outer carrier of a TDD band may;
· Increase the interference from the adjacent gNB but reduces the gNB self-interference 
· Defines flexible numbers of sub-bands e.g. either two sub-bands or three sub-bands 
· Requires only one guard band. 
Observation 3: Re-using the existing configuration of conventional TDD for SBFD configuration may requires; 
· To include an explicit configuration of NRofUplinkRBs, startingofUplinkRBs and RBs of guard bands for UL sub-band in DL or flexible slots/symbols. 
· To include an explicit configuration of NRofDownlinkRBs, startingofDownlinkRBs and RBs of guard bands for DL sub-band in UL or flexible slots/symbols. 

Observation 4: In order to make the current specification SFI suitable for sub-bands indication, the following fields may need to includes in the current SFI indication;
· Indication of the starting of RBs of the opposite transmission sub-band
· Indication of the number of RBs of the opposite transmission sub-band
· Indication of the RBs of Guard Band
Observation 5: Re-using the existing conventional TDD configuration for SBFD operation may encounter the following issues 
· Increas the higher layer singlaings 
· Increase the gNB complexity in handling of collisin btween SSB and UL sub-band tranmission
Observation 6: Static configuration and dynamic indication and activation/de-activation of DL/UL sub-bands to the UE may 
· Reduce the higher layer signlaing 
· Increase the flexibility of gNB to handle the collision of SSB and UL sub-band trasnmission 

Observation 7: The UL sub-bands in DL or flexible slots/symbols in the inner carriers or inner RBs of a TDD band may create double fold gNB self-interference. 
Observation 8: The UL sub-bands in DL or flexible slots/symbols in the edge RBs may reduce the gNB self-interference. 
Observation 9: Less number of sub-bands within a TDD band may reduce the gNB self-interference.
Observation 10: The following scenarios may create gNB to gNB and UE to UE co-channel intra sub-band interference;
1. Allocating different bandwidth to the UL to UL and DL to DL sub-bands among neighbor gNBs 
2. Allocation of dissimilar sub-bands to UL and DL transmission between neighbor gNBs
3. Allocation of dissimilar quantity of sub-bands to UL and DL transmission between neighbor
4. Configuration of different numbers of sub-bands between neighbor gNBs


Proposal 1: Support RB based granularity for a sub-band. 
Proposal 2: Consider a configurable bandwidth of DL and UL sub-bands. 
Proposal 3: Consider a defined minimum and maximum range of numbers of sub-bands within a TDD band. 
Proposal 4: It is up to the gNB implementation whether to select the inner carriers or outer carriers of a TDD band for an opposite direction sub-bands in DL, UL or flexible slots. 
Proposal 5: Support the following:
· UL sub-bands in DL or Flexible slots/symbols
· DL sub-bands in UL or Flexible slots/symbols.

Proposal 6: study an alternative method of SBFD configuration, where RRC static configuration can be used to configure a pool of sub-bands to all the SBFD capable UEs in a cell and DCI or MAC CE can be used to indicate and activate/de-activate the DL/UL sub-bands to one or more UEs in a cell. 
Proposal 7: To avoid the intra sub-band interference in SBFD operation the neighbor’s gNB shall:
· Keep the same bandwidth of UL to UL and DL to DL sub-bands among the neighbor gNBs
· Assign alike sub-bands to UL and DL transmission among the neighbor gNBs 
· Allocate similar quantity of sub-bands to DL and UL transmission among the neighbor gNBs 
· Configure similar numbers of sub-bands among the neighbor gNBs 
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