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Introduction
Several agreements have been achieved in RAN1#109 e-meeting [1] as follows. We discuss candidate technical solutions for SBFD.
	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 symbols is defined as symbols 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 guardband 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.


Agreement
[bookmark: _Hlk103807408]For discussion of gNB-gNB and UE-UE co-channel inter-subband CLI modelling in system level simulation, RAN1 understands at least the following two aspects need to be considered:
· Aspect 1: The unwanted emissions due to Tx non-linearity at the transmitter of the aggressor from the allocated RBs to the non-allocated RBs in the same carrier.
· Aspect 2: The receiver selectivity at the victim to receive the desired signal in the allocated RBs in the presence of the unwanted signals at the non-allocated RBs. (e.g. receiver blocking at the victim, overload of the receiver dynamic range, etc)
The following questions should be asked to RAN4: 
· Whether it is feasible to consider the above two aspects for gNB-gNB and UE-UE co-channel inter-subband CLI modelling in system level simulation? Are there any other aspects should also be taken into account?
· For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of gNB-gNB link, where the DL frequency unit m and UL frequency unit n are in the same carrier and non-overlapping in frequency, and assuming the aggressor gNB transmits on the DL frequency unit m and the victim gNB receives on the UL frequency unit n, 
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 1 (defined above) at the gNB transmitter?
· How to model the interference from DL frequency unit m to UL frequency unit n due to Aspect 2 (defined above) at the gNB receiver?
· How to model the above interferences for the following two cases:
· inter-site gNB-gNB co-channel inter-subband CLI
· co-site inter-sector co-channel inter-subband CLI
· For a specific pair of DL frequency unit m (e.g., subband/RB m) and UL frequency unit n (e.g., subband/RB n) of UE-UE link, where the DL frequency unit m and UL frequency unit n are in the same carrier and non-overlapping in frequency, and assuming the aggressor UE transmits on the UL frequency unit n and the victim UE receives on the DL frequency unit m, 
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 1 (defined above) at the UE transmitter?
· How to model the interference from UL frequency unit n to DL frequency unit m due to Aspect 2 at the UE receiver?
FFS: Usage of the above model provided by RAN4 in the evaluation





Potential enhancements for physical layer procedures
1.1. PDSCH scheduling procedure
Figure 1 shows examples of dynamic scheduling of a PDSCH. Figure 1A shows an example of single subband PDSCH scheduling where the PDCCH and the PDSCH are transmitted in Subband#0 of SBFD region. Here, Legacy DL region is a region only with DL resource, SBFD region is a region where SBFD is applicable, and Legacy UL region is a region only with UL resource. From the UE perspective, the PDSCH suffers from intra-cell UE-UE co-channel inter-subband CLI where the CLI is originated from Tx UE and Rx UE. 
The CLI originated from the Tx UE should be mitigated by the Tx UE itself. In current specification, the Tx UE is required to comply with the in-band emission requirements. Whether more stringent in-band emission requirements are required or not should be further discussed.
The CLI originated from the Rx side should be mitigated by the Rx UE itself. In current specification, the UE should monitor whole bandwidth in the carrier. Thus, the Rx UE also receives unwanted signal in the subband#1. If the unwanted signal is strong (in case the Tx UE is nearby the Rx UE), the strong CLI comes due to Rx side device non-linearity (e.g., for LNA). RAN1 should discuss potential enhancements to reduce the CLI originated from the Rx UE. For example, the potential enhancements are to relax UE’s requirement on DL monitoring. For example, in Figure 1A, one solution could be for the Rx UE to monitor only Subband#0 in SBFD region. For example, in SBFD region, the UE doesn’t monitor CORESET#1 in subband#2 and only monitors CORESET#0 in subband#0. 
Further, intra-cell UE-UE co-channel inter-subband CLI could be mitigated by gNB scheduling. For scheduling-based solution, CLI measurement and reporting mechanism is required for gNB’s decision.
Although we should further discuss how to mitigate the CLI from both sides, as a baseline, single subband PDSCH scheduling should be supported for SBFD. Further, potential enhancements should be discussed.
Proposal 1: Single subband PDSCH scheduling should be supported for SBFD. How to mitigate intra-cell UE-UE co-channel inter-subband CLI could be discussed at least with the following aspects:
· Whether more stringent in-band emission requirements are required for Tx UE
· Potential enhancements to reduce the CLI originated from the Rx UE
· CLI measurement and reporting mechanism
Figure 1B shows an example of multi-subband PDSCH scheduling where the PDCCH is transmitted in Subband#0 of SBFD region and the PDSCH is transmitted in Subband#0 and #2 of SBFD region, which is beneficial for frequency diversity and downlink capacity. Same as the example in Figure 1A, from the UE perspective, the PDSCH suffers from intra-cell UE-UE co-channel inter-subband CLI where the CLI is originated from Tx UE and Rx UE. One difference from the case of single-subband PDSCH scheduling is on the Rx UE that it needs to monitor both subband#0 and #2.
There are two possible enhancement direction for the Rx UE:
1) The UE only monitors subband#0 and subband#2
2) The UE monitors wideband carrier including Subband#0, 1, and 2
In (1), the UE is required to implement additional feature in terms of NR UE. That is, the UE needs to monitor discontinuous frequency resource like non-continuous CA. In this case, inter subband CLI could be mitigated whereas the implementation cost would be increased.
In (2), the UE monitoring procedure is the same as legacy NR. On the other hand, inter-subband CLI issue remains.
Therefore, supporting of multi-subband PDSCH scheduling should be carefully considered. The proposal is as follows:
Proposal 2: Study further how to support enhancements on Rx UE for multi-subband PDSCH scheduling. At least the following possibilities can be considered further:
1) The UE only monitors subband#0 and subband#2 (like non-continuous CA)
2) The UE monitors wideband carrier including Subband#0, 1, and 2 (Legacy UE behavior)
	
 
	
 

	Figure 1A: Single subband PDSCH scheduling
	Figure 1B: Multi-subband PDSCH scheduling



Figure 2 shows another example of dynamic scheduling of a PDSCH in SBFD region where PDCCH is transmitted in the subband#0 of SBFD region and PDSCH is transmitted in the subband#2 of SBFD region (Cross-subband PDSCH scheduling). Same as the example in Figure 1, from the UE perspective, the PDSCH suffers from intra-cell UE-UE co-channel inter-subband CLI where the CLI is originated from Tx UE and Rx UE. 
Cross-subband PDSCH scheduling requires similar capability like multiple-subband PDSCH scheduling. Therefore, supporting of cross-subband PDSCH scheduling should be carefully considered. The proposal is as follows:
Proposal 3: Study further how to support enhancements on Rx UE for cross-subband PDSCH scheduling. At least the following possibilities can be considered further:
1) The UE only monitors subband#0 and subband#2 (like non-continuous CA)
2) The UE monitors wideband carrier including Subband#0, 1, and 2

	


	Figure 2: Cross-subband PDSCH scheduling



Frequency domain resource assignment
The gNB should map a PDSCH such that its time-frequency resource doesn’t overlap with subband#1 in SBFD region. Potential issues are discussed with the following:
· RBG-based resource assignment
· RIV-based resource assignment with non-interleaved VRB-to-PRB mapping
· RIV-based resource assignment with interleaved VRB-to-PRB mapping
RBG-based resource assignment
Figure 3 shows an example of RBG-based resource assignment. 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 7, 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 15 to 23.
It is clear that the gNB shouldn’t allocate RBGs not overlapping with DL portion (e.g., RBG#2) for PDSCH scheduling in SBFD region. The issue is how to handle RBGs overlapping with DL portion only partially (e.g., RBG#3). We can consider several options as follows:
1) Disabling RBGs overlapping with DL portion only partially
2) Puncture resource blocks outside of the DL portion when the UE is allocated a PDSCH with RBGs overlapping with DL portion only partially
3) Rate match resource blocks outside of the DL portion with existing rate matching resource configuration when the UE is allocated a PDSCH with RBGs overlapping with DL portion only partially
Option 1 has no specification impact. However, the gNB cannot utilize resource blocks in RBGs overlapping with DL portion only partially. 
Option 2 and Option 3 outperforms Option 1 in terms of resource utilization since the gNB can utilize resource blocks in RBGs overlapping with DL portion only partially. Option 2 is expected to have specification impact. For example, for Option 2, the specification should define the size and location of subbands and gaps. On the other hand, Option 3 can be realized without specification impact by using rate matching resource configuration.
Proposal 4: For RBG-based resource assignment, discuss how to handle RBGs overlapping with DL portion only partially at least with the following options:
1) Disabling RBGs overlapping with DL portion only partially
2) Puncture resource blocks outside of the DL portion when the UE is allocated a PDSCH with RBGs overlapping with DL portion only partially
3) Rate match resource blocks outside of the DL portion with existing rate matching resource configuration when the UE is allocated a PDSCH with RBGs overlapping with DL portion only partially


Figure 3: Example of RBG-based resource assignment
RIV-based resource assignment with non-interleaved VRB-to-PRB mapping
Figure 4 shows an example of RIV-based resource assignment with non-interleaved VRB-to-PRB mapping. RIV-based resource assignment allocates continuous VRBs for a PDSCH (e.g., VRB with index 5 to 21). Further, non-interleaved VRB-to-PRB mapping maps VRB with index X to PRB with index X (except for a special case of PDCCH monitored in CSS). Therefore, the frequency domain resource assignment needs to indicate continuous virtual resource blocks including UL portion for multiple-subband PDSCH scheduling. We can consider how to handle UL portion at least with the following options:
1) Puncture resource blocks outside of the DL portion
2) Rate match resource blocks outside of the DL portion with existing rate matching resource configuration
3) [bookmark: _Hlk109891220]Enhance VRB-to-PRB mapping scheme such that VRBs outside of the DL portion are mapped to PRBs inside of the DL portion
Compared to Option 1, Option 2 has no specification impact for non-fallback DCI formats. However, Option 2 is not suitable for a fallback DCI format. Because the fallback DCI format doesn’t support either dynamic indication of the rate matching resource or dynamic disabling of the rate matching resource. Therefore, Option 2 makes the fallback DCI format useless in the legacy DL region since it always avoids scheduling a PDSCH in the configured rate matching resource even if the PDSCH is scheduled in legacy DL region.


Figure 4: Example of RIV-based resource assignment with non-interleaved VRB-to-PRB mapping
Figure 5 is an example of enhanced non-interleaved VRB-to-PRB mapping. One possible way to enhance VRB-to-PRB mapping is indexing PRBs excluding PRBs outside of the DL portion in ascending order as can be seen in Figure 5. In Figure 5, VRBs with index 5 to 12 (including VRBs 8 to 12 which are placed outside of the DL region) are assigned. On the other hand, assigned PRBs are in the DL region since all PRBs with index are in the DL portion. Compared to Option 1 and 2, Option 3 can obtain coding rate close to the target coding rate. Thus, MCS allocation criteria at the gNB side needs no change. 
Based on the above discussion, we propose the following:
Proposal 5: For RIV-based resource assignment with non-interleaved VRB-to-PRB mapping, discuss how to handle resource blocks outside of the DL portion at least with the following options:
1) Puncture resource blocks outside of the DL portion
2) Enhance VRB-to-PRB mapping scheme such that VRBs outside of the DL portion are mapped to PRBs inside of the DL portion


Figure 5: Example of enhanced non-interleaved VRB-to-PRB mapping
RIV-based resource assignment with interleaved VRB-to-PRB mapping
Figure 6 shows an example of RIV-based resource assignment with interleaved VRB-to-PRB mapping. In this case, VRB bundle#X (V-bundle#X) is comprised of VRB with index L*X to index L*X+L-1. Likewise, PRB bundle#X (P-bundle#X) is comprised of PRB with index L*X to index L*X+L-1. Here, L is the configured bundle size for interleaved VRB-to-PRB mapping.
For interleaved VRB-to-PRB mapping, it is difficult to assign PRBs avoiding the outside of the DL portion only by the gNB implementation. Therefore, how to handle assigned PRBs outside of the DL portion needs to be considered. We can consider following options:
1) Puncture resource blocks outside of the DL portion
2) Rate match resource blocks outside of the DL portion with existing rate matching resource configuration
3) Enhance VRB-to-PRB mapping scheme such that VRB bundles outside of the DL portion are mapped to PRB bundles inside of the DL portion
Option 2 is useless for fallback DCI format with the same reason above. Therefore, Option 2 should not be considered for interleaved VRB-to-PRB mapping.
Interleaved VRB-to-PRB mapping is RB-bundle basis. Therefore, Option 3 should also be RB-bundle basis as in Figure 7, where PRB bundles confined within DL portion are indexed in ascending order. On the other hand, it makes resource blocks in RB-bundles which overlaps DL portion only partially unavailable.
With the discussion above, we propose the following:
Proposal 6: For RIV-based resource assignment with interleaved VRB-to-PRB mapping, discuss how to handle resource blocks outside of the DL portion at least with the following options:
1) Puncture resource blocks outside of the DL portion
2) Enhance VRB-to-PRB mapping scheme such that VRB bundles outside of the DL portion are mapped to PRB bundles inside of the DL portion


Figure 6: Example of RIV-based resource assignment with interleaved VRB-to-PRB mapping


Figure 7: Enhanced VRB-to-PRB mapping for non-interleaved VRB-to-PRB mapping
1.2. UCI multiplexing procedure
Figure 8 shows example procedures of HARQ-ACK/CSI multiplexing on PUCCH. In those figures, the PUCCH for HARQ-ACK (for dynamically scheduled PDSCH) overlaps with PUCCH for CSI (periodic CSI or semi-persistent CSI on PUCCH). Thus, new PUCCH resource after UCI multiplexing is generated and those UCIs are multiplexed. In Figure 8A, no issue occurs since the new PUCCH resource is also confined within the UL portion. On the other hand, in Figure 8B, the new PUCCH resource cannot be transmitted since it is outside of the UL portion.
The error case as in Figure 8B happens when a set of PUCCH resource configurations are shared in SBFD region and legacy UL region. We can consider at least two options to handle the error case:
1) The gNB ensures that the new PUCCH resource is confined within the UL portion
2) Configure separate PUCCH resources for SBFD region and legacy UL region
For Option 1, PUCCH resource flexibility would be reduced while the specification impact is not expected. Option 2 requires specification impact. However, PUCCH resource flexibility would be maintained. Therefore, at this stage, we can consider both two options:
Proposal 7: UCI multiplexing procedure can be further studied at least with the following options:
1) The gNB ensures that the new PUCCH resource is confined within the UL portion
2) Configure separate PUCCH resources for SBFD region and legacy UL region
	
 
	
 

	Figure 8A: UCI multiplexing procedure case 1
	Figure 8B: UCI multiplexing procedure case 2


1.3. Consideration on initial access related signals
In AI 9.3.1, the following agreement has been made at RAN1#109-e meeting [1]. 
	Agreement
For performance evaluation and comparison between baseline legacy TDD operation and SBFD operation under SBFD Deployment Case 1 (Non-coexistence case with single SBFD subband configuration), consider the following alternatives:
· Alt 2 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
· Alt 4 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#3 (XXXXX), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
· Alt 1 (No SBFD DL subband in the slots/symbols that correspond to UL slots/symbols in legacy TDD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDDSU}, where S=[12D:2G:0U]
· SBFD: Frame structure#1 (DXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
· Alt 3 (strive for the same UL/DL resource ratio between Legacy TDD and SBFD): 
· Legacy TDD: Static TDD UL/DL configuration with {DDSUU}, where S=[12D:2G:0U]
· SBFD: Frame structure#2 (XXXXU), where X denotes a SBFD slot. In time domain, SBFD UL subband spans all the symbols in a SBFD slot. In frequency domain, SBFD UL subband is about [20%] of the channel bandwidth.
FFS: whether dynamic TDD can optionally be used for legacy TDD for comparison.





As agreed, in most of the Alts, there are no legacy DL region, and in Alt 4, there are no UL region. This agreement suggests that all signals and channels including those for initial access may be placed on SBFD region.
Proposal 8: RAN1 should further study potential placement of physical channels related to initial access in SBFD region.
SS/PBCH blocks
SS/PBCH blocks are spread over 5 ms half frame if all candidate SS/PBCH blocks are transmitted in operation. Therefore, we support to discuss potential SS/PBCH block placement in SBFD region since  it is difficult to confine SS/PBCH blocks in legacy DL region if the gNB wants to operate with multiple cell-specific DL beams.
On the other hand, SS/PBCH blocks are shared by all UEs camping on the serving cell. Therefore, impact on legacy UEs or UEs without SBFD capability should be carefully studied for SS/PBCH block placement in SBFD region. 
Proposal 9: Impact on legacy UEs or UEs without SBFD capability should be carefully studied for SS/PBCH block placement in SBFD region.
PRACH
In our view, PRACH capacity is not the issue to be discussed in the SI. For PRACH, RAN1 may further study potential benefit to place PRACH in SBFD region.
Msg3
One of the key aspects to be considered in the SI is uplink coverage, and latency. Therefore, msg3 repetition in SBFD region should be further studied.
Proposal 10: Support for msg3 repetition in SBFD region should be further studied. 
Configuration details
1.4. TDD configuration
TDD configuration is used to manage semi-statically configured signals/channels (e.g., PRACH, PDCCH, PUCCH for SR, PUCCH for periodic CSI, periodic CSI-RS, periodic SRS, type-1 configured scheduling), semi-persistent signals/channels (e.g., type-2 configured grant, semi-persistent CSI reporting), and repeated transmission (e.g., PDSCH/PDCCH/PUSCH/PUCCH repetition). 
It is clear that two different management of configured/semi-persistent/repeated transmissions/receptions are required for SBFD region. That is, for legacy UEs, the SBFD region should be configured as “DL”. Otherwise, the legacy UEs mistakenly transmits the configured/semi-persistent/repeated transmissions/receptions in SBFD region. 
Therefore, new TDD configuration should be supported for SBFD.
Proposal 11: New TDD configuration should be supported for SBFD.
1.5. Subband configuration
The UE should be aware of subband configuration to manage configured/semi-persistent/repeated transmissions/receptions. If not supported, the UE cannot understand in which frequency resource the new TDD configuration should be applied. Therefore, we propose the following:
Proposal 12: Subband configuration should be supported.
Conclusion
In this contribution, we have the following proposals:
Proposal 1: Single subband PDSCH scheduling should be supported for SBFD. How to mitigate intra-cell UE-UE co-channel inter-subband CLI could be discussed at least with the following aspects:
· Whether more stringent in-band emission requirements are required for Tx UE
· Potential enhancements to reduce the CLI originated from the Rx UE
· CLI measurement and reporting mechanism
Proposal 2: Study further how to support enhancements on Rx UE for multi-subband PDSCH scheduling. At least the following possibilities can be considered further:
1) The UE only monitors subband#0 and subband#2 (like non-continuous CA)
2) The UE monitors wideband carrier including Subband#0, 1, and 2 (Legacy UE behavior)
Proposal 3: Study further how to support enhancements on Rx UE for cross-subband PDSCH scheduling. At least the following possibilities can be considered further:
1) The UE only monitors subband#0 and subband#2 (like non-continuous CA)
2) The UE monitors wideband carrier including Subband#0, 1, and 2
Proposal 4: For RBG-based resource assignment, discuss how to handle RBGs overlapping with DL portion only partially at least with the following options:
1) Disabling RBGs overlapping with DL portion only partially
2) Puncture resource blocks outside of the DL portion when the UE is allocated a PDSCH with RBGs overlapping with DL portion only partially
3) Rate match resource blocks outside of the DL portion with existing rate matching resource configuration when the UE is allocated a PDSCH with RBGs overlapping with DL portion only partially
Proposal 5: For RIV-based resource assignment with non-interleaved VRB-to-PRB mapping, discuss how to handle resource blocks outside of the DL portion at least with the following options:
1) Puncture resource blocks outside of the DL portion
2) Enhance VRB-to-PRB mapping scheme such that VRBs outside of the DL portion are mapped to PRBs inside of the DL portion
Proposal 6: For RIV-based resource assignment with interleaved VRB-to-PRB mapping, discuss how to handle resource blocks outside of the DL portion at least with the following options:
1) Puncture resource blocks outside of the DL portion
2) Enhance VRB-to-PRB mapping scheme such that VRB bundles outside of the DL portion are mapped to PRB bundles inside of the DL portion
Proposal 7: UCI multiplexing procedure can be further studied at least with the following options:
1) The gNB ensures that the new PUCCH resource is confined within the UL portion
2) Configure separate PUCCH resources for SBFD region and legacy UL region
Proposal 8: RAN1 should further study potential placement of physical channels related to initial access in SBFD region.
Proposal 9: Impact on legacy UEs or UEs without SBFD capability should be carefully studied for SS/PBCH block placement in SBFD region.
Proposal 10: Support for msg3 repetition in SBFD region should be further studied. 
Proposal 11: New TDD configuration should be supported for SBFD.
Proposal 12: Subband configuration should be supported.
References
[1]	RAN1 chairman’s note at RAN1#109 e-meeting, May 2022
1

image2.emf
Frequency

Time

DL

UL

Subband#0

Subband#1

Subband#2

Legacy DL 

region

SBFD region

Legacy UL 

region

CORESET#1

CORESET#0

PDCCH

PDSCH

PDSCH


Microsoft_Visio_Drawing1.vsdx
Frequency
Time
DL
UL
Subband#0
Subband#1
Subband#2
Legacy DL region
SBFD region
Legacy UL region

CORESET#1

CORESET#0
PDCCH
PDSCH
PDSCH



image3.emf
Frequency

Time

DL

UL

Subband#0

Subband#1

Subband#2

Legacy DL 

region

SBFD region

Legacy UL 

region

CORESET#1

CORESET#0

PDCCH

PDSCH


Microsoft_Visio_Drawing2.vsdx
Frequency
Time
DL
UL
Subband#0
Subband#1
Subband#2
Legacy DL region
SBFD region
Legacy UL region

CORESET#1

CORESET#0
PDCCH
PDSCH



image4.emf
PRB index

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

DL UL DL

RBG#0 RBG#1 RBG#2 RBG#3 RBG#4 RBG#5


Microsoft_Visio_Drawing3.vsdx
PRB index
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
DL
UL
DL
RBG#0
RBG#1
RBG#2
RBG#3
RBG#4
RBG#5



image5.emf
VRB index

PRB index

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 10 11 12 13 14 15 16 17 18 19 20 21 22 23 10 11 12 13 14 15 16 17 18 19 20 21 22 23

DL UL DL


Microsoft_Visio_Drawing4.vsdx
VRB index
PRB index
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
10
11
12
13
14
15
16
17
18
19
20
21
22
23
10
11
12
13
14
15
16
17
18
19
20
21
22
23
DL
UL
DL



image6.emf
VRB index

PRB index

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

DL UL DL


Microsoft_Visio_Drawing5.vsdx
VRB index
PRB index
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
0
1
2
3
4
5
6
7


0
1
2
3
4
5
6
7






8
9
10
11
12
13
14
15






DL
UL
DL



image7.emf
VRB index

PRB index

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 10 11 12 13 14 15 16 17 18 19 20 21 22 23 10 11 12 13 14 15 16 17 18 19 20 21 22 23

DL UL DL

V-bundle#0 V-bundle#1 V-bundle#2 V-bundle#3 V-bundle#4 V-bundle#5

P-bundle#0 P-bundle#1 P-bundle#2 P-bundle#3 P-bundle#4 P-bundle#5


Microsoft_Visio_Drawing6.vsdx
VRB index
PRB index
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
10
11
12
13
14
15
16
17
18
19
20
21
22
23
10
11
12
13
14
15
16
17
18
19
20
21
22
23
DL
UL
DL
V-bundle#0
V-bundle#1
V-bundle#2
V-bundle#3
V-bundle#4
V-bundle#5
P-bundle#0
P-bundle#1
P-bundle#2
P-bundle#3
P-bundle#4
P-bundle#5



image8.emf
VRB index

PRB index

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 10 11 12 13 14 15 16 17 18 19 20 21 22 23 10 11 12 13 14 15 16 17 18 19 20 21 22 23

DL UL DL

V-bundle#0 V-bundle#1 V-bundle#2 V-bundle#3 V-bundle#4 V-bundle#5

P-bundle#0 P-bundle#1 P-bundle#2 P-bundle#3


Microsoft_Visio_Drawing7.vsdx
VRB index
PRB index
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5
6
7
10
11
12
13
14
15
16
17
18
19
20
21
22
23
10
11
12
13
14
15
16
17
18
19
20
21
22
23
DL
UL
DL
V-bundle#0
V-bundle#1
V-bundle#2
V-bundle#3
V-bundle#4
V-bundle#5
P-bundle#0
P-bundle#1
P-bundle#2
P-bundle#3



image9.emf
Frequency

Time

DL

UL

Subband#0

Subband#1

Subband#2

Legacy DL 

region

SBFD region

Legacy UL 

region

PUCCH 

for CSI

PUCCH for 

HARQ-ACK

PUCCH after 

UCI mux.


Microsoft_Visio_Drawing8.vsdx
Frequency
Time
DL
UL
Subband#0
Subband#1
Subband#2
Legacy DL region
SBFD region
Legacy UL region
PUCCH for CSI
PUCCH for HARQ-ACK
PUCCH after UCI mux.



image10.emf
Frequency

Time

DL

UL

Subband#0

Subband#1

Subband#2

Legacy DL 

region

SBFD region

Legacy UL 

region

PUCCH 

for CSI

PUCCH for 

HARQ-ACK

PUCCH after 

UCI mux.


Microsoft_Visio_Drawing9.vsdx
Frequency
Time
DL
UL
Subband#0
Subband#1
Subband#2
Legacy DL region
SBFD region
Legacy UL region
PUCCH for CSI
PUCCH for HARQ-ACK
PUCCH after UCI mux.



image1.emf
Frequency

Time

DL

UL

Subband#0

Subband#1

Subband#2

Legacy DL 

region

SBFD region

Legacy UL 

region

CORESET#1

CORESET#0

PDCCH

PDSCH


Microsoft_Visio_Drawing.vsdx
Frequency
Time
DL
UL
Subband#0
Subband#1
Subband#2
Legacy DL region
SBFD region
Legacy UL region

CORESET#1

CORESET#0
PDCCH
PDSCH



