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Introduction
[bookmark: P3]In this contribution, we provide our views on subband non-overlapping full duplex.
Discussion
[bookmark: Proposal1]SBFD operation on RRC_CONNECTED
In previous RAN1#110 meeting, following agreement was made [1].
	Agreement
Study the following alternatives with Alt 4 prioritized, for SBFD operation at least for RRC_CONNECTED state.
· SBFD operation Alt 1:
· Time and frequency locations of subbands for SBFD operation are not known to UEs. 
· UE behaviors follow existing specifications without introducing new UE behaviors for SBFD operation at gNB side.
· SBFD operation Alt 2:
· Time and frequency locations of subbands for SBFD operation are not known to UEs. 
· UE behaviors for non-SBFD aware UEs follow existing specifications.
· From RAN1 perspective, new UE behaviors can be introduced for SBFD aware UEs
· SBFD operation Alt 3:
· Only time location of subbands for SBFD operation is 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 location of subbands for SBFD operation 
· 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.
UE capability discussion is held in work item phase.


From the specification impact perspective, Alt 1 is the most preferable operation method since legacy operation can cover the SBFD operation in some case. In order to operate SBFD with Alt.1, the gNB needs (1) not to configure slot format via TDD-UL-DL-ConfigCommon so that the slot format can be set by only scheduling DCI, or (2) to configure slots as Flexible through TDD-UL-DL-ConfigCommon. In this case, the SBFD operation can be performed only on the Flexible slots due to no specification impact, and furthermore, the larger number of flexible slots should be configured to fully obtain the advantage of SBFD. However, as raised in the previous meetings, the interoperability issue may occur in the legacy UEs when the SBFD operation is performed on Flexible slots. Same things will happen in other alternatives when the slot is set as Flexible for SBFD.
Observation 1:
· It is observed that the interoperability issue may occur in the legacy UEs when the SBFD operation is performed on Flexible slots.
Based on above Observation, firstly it is better for RAN1 to have a common understanding the legacy UE behaviour on Flexible slots which is forward-compatible with the SBFD aware UE. 
Proposal 1:
· It is better for RAN1 to have a common understanding the legacy UE behaviour on Flexible slots which is forward-compatible with the SBFD aware UE. 
RACH occasion on UL subband
In previous meeting, the RACH occasion on UL subband was discussed so that the coverage of PRACH can be enhanced. Allocating the RACH occasion onto the UL subband has a merit to enhance the PRACH coverage, while it will significantly decrease resource usage efficiency and system performance. Precisely, gNB cannot expect the timing when a UE transmits the PRACH in CBRA. That is, the resources for RACH occasion on UL subband should be reserved. The reserved resources make other channels to have less resources to transmit, accordingly overall resource efficiency and overall system performance get decreased. In addition, since gNB cannot predict PRACH timing of UEs, it is difficult to avoid UE-UE inter-subband CLI between UEs close to each other by scheduling at gNB side, which may cause degradation of DL performance. Furthermore, since the UL subband is overlapped with opposite transmission direction from legacy gNBs, it is expected the severe interference on transmission/reception. In other words, this interference can increase the RACH failure more frequent than that of the legacy UE. As per current specification, the UE will ramp/increase the transmission power of PRACH when the RACH failure occurs, and again the CLI is getting worse due to the power ramping of the PRACH. Consequently, the overall system performance will decrease.
Observation 2:
· Due to the CLI from PRACH transmission procedure on UL subband, the overall system performance will get decreased.
Based on our Observation, we think there is no strong motivation in RACH occasion on UL subband. On the other hand, the PRACH coverage enhancement will be discussed in the SID of further NR coverage enhancement agenda (NR_cov_enh2). Therefore, in order to avoid duplicated discussion, we think that it might be a good alternative to wait for the discussion results of the PRACH coverage enhancement in the NR coverage enhancement agenda.
Proposal 2:
· PRACH coverage enhancement is better to be discussed in further NR coverage enhancement agenda (NR_cov_enh2)

Link direction of UL subband
In previous RAN1#110 meeting, there was a discussion about link direction on SBFD symbol, and the agreement was made with four options as follow:
	Agreement
For SBFD operation Alt 4, for an SBFD aware UE configured with an UL subband in an SBFD symbol, study the following options:
· Option 1: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband or to be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 2: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband and may be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 3: The SBFD aware UE does not expect to be scheduled with DL reception within the UL subband and may be scheduled with UL transmission outside the UL subband in the SBFD symbol
· Option 4: The SBFD aware UE may be scheduled with UL transmission outside the UL subband or DL reception within the UL subband in the SBFD symbol



We think that the key issue from above agreement is how strong CLI occurs. Figure 1 shows the configured slot format for legacy UE and each option. Assume that second, third and fourth (green-colored) slots are originally configured as Flexible. By overlapping the illustration of Legacy UE and Option, we can see that the SBFD operation with Option 1 occurs the smallest interference since the slot format is aligned among the SBFD aware UEs. The interference in Option 2 might be allowable as the slot format for SBFD aware UEs is DL, and it is aligned with that of the legacy UE under the most probable scenario that the Flexible slot is configured to DL for the legacy UEs. On the other hand, we need to carefully approach to Option 3 and Option 4. The third slot in Legacy UE and Option 3/4 is opposite direction, and thus it is expected that severe CLI occurs outside UL subband (Resource A region in Fig.1.).
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Figure 1. Slot format for each option.
From our observation above, we propose that the link direction of UL subband should be based on Option 1 and Option 2.
Proposal 3:
· The link direction of UL subband should be based on Option 1 and Option 2 from previous agreement.
· Option 1: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband or to be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 2: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband and may be scheduled with DL reception within the UL subband in the SBFD symbol
In above agreement, it is needed to clarify the bandwidth of UL transmission / DL reception on the subband. In RAN1#110 meeting, we have other agreement as following.
	Agreement
For semi-static configuration of subband location, consider same subband frequency resources across different SBFD symbols as baseline.


As shown in Allocation (1) of Fig.2, the SBFD symbols are configured on second, third and fourth slots.
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Figure 2. subband allocation
Assuming that gNB wants to configure a part of DL subband as UL transmission (saying third slot in Allocation (2) of Fig.2) as defined in Option 3 and Option 4 (i.e., The SBFD aware UE may be scheduled with UL transmission outside the UL subband), or a part of UL subband as DL reception (saying third slot in Allocation (3) of Fig.2) as defined in Option 2 and Option 4(i.e., may be scheduled with DL reception within the UL subband in the SBFD symbol). In our understanding, f the link direction of a part of subband cannot be flipped as shown in Allocation (2) or Allocation (3) in Fig.2 because the operation conflicts the above agreement with “same subband frequency resources across different SBFD symbols”. Therefore, we propose that the clarification is needed for the SBFD aware UE operation with UL transmission outside the UL subband and DL reception in the UL subband.
Proposal 4:
· The clarification is needed for the SBFD aware UE operation with UL transmission outside the UL subband and DL transmission in the UL subband.
One alternative solution related Proposal 4 is that, the slot for UL transmission outside UL subband or DL reception within UL subband should be set as UL only or DL only, respectively, so that the slot can be treated as legacy slot format. Since it is common understanding that the UL subband is set from the Flexible slot, it makes sense to set the UL/DL only based on existing specification. 
Proposal 5:
· The slot for UL transmission outside UL subband or DL reception within UL subband should be set as UL only or DL only, respectively.

Conclusion
In this contribution, we provide our views on the study of subband non-overlapping full duplex as below
Observation 1:
· It is observed that the interoperability issue may occur in the legacy UEs when the SBFD operation is performed on Flexible slots.
Proposal 1:
· It is better for RAN1 to have a common understanding the legacy UE behaviour on Flexible slots which is forward-compatible with the SBFD aware UE. 
Observation 2:
· Due to the CLI from PRACH transmission procedure on UL subband, the overall system performance will get decreased.
Proposal 2:
· PRACH coverage enhancement is better to be discussed in further NR coverage enhancement agenda (NR_cov_enh2)
Proposal 3:
· The link direction of UL subband should be based on Option 1 and Option 2 from previous agreement.
· Option 1: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband or to be scheduled with DL reception within the UL subband in the SBFD symbol
· Option 2: The SBFD aware UE does not expect to be scheduled with UL transmission outside the UL subband and may be scheduled with DL reception within the UL subband in the SBFD symbol
Proposal 4:
· The clarification is needed for the SBFD aware UE operation with UL transmission outside the UL subband and DL transmission in the UL subband.
Proposal 5:
· The slot for UL transmission outside UL subband or DL reception within UL subband should be set as UL only or DL only, respectively.
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