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Introduction
[bookmark: P3]In this contribution, we provide our views on subband non-overlapping full duplex.
Discussion
[bookmark: Proposal1]Subband indication
In RAN1 #110b-e meeting, we made following agreements about frequency location of subbands.
	Agreement
For semi-static configuration of subband frequency locations for SBFD operation, at least explicit indication of frequency location of UL subband is required.
· FFS: Whether frequency location of other subbands types is explicitly indicated or implicitly determined.



From above agreements, an SBFD aware UE receives explicit indication of the location where UL subband is configured. The indication of the location for other subbands than UL subband, however, still remains as FFS. The other subbands types can include DL subband and guardband. The guardband is required for the self-interference cancellation at the gNB side although the minimum number of PRBs for the guardband is needed by RAN4’s guidance. The resources for the SBFD operation within the active BWP consist of UL/DL subband and the guardband. In other words, once one explicit indication of either the DL subband or the guardband is conducted, the rest of other subband can be naturally derived. The important point is which one (DL subband or guardband) is explicitly indicated. The signal for the indication should include the information for both bandwidth and location. As an example, for {D, U, D} subband composition, the gNB should indicate two sets of bandwidth and location for DL subbands. On the other hand, the guardband indication does not require the location information as it is always neighbored by the UL subband. As a conclusion, from the perspective of signaling overhead, it is beneficial to explicitly indicate the guardband, and implicitly derive the DL subband.
Proposal 1: The frequency location of DL subband(s) are implicitly derived, and the guardband(s) are explicitly indicated for the SBFD operation. 
Dynamic SBFD
In RAN1 #112 meeting, following agreement about dynamic SBFD was made.
	Agreement
For dynamic SBFD,
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) are allowed or not in a symbol configured as DL in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· For SBFD-aware UEs, further study whether DL receptions outside semi-statically configured DL subband(s) and UL transmissions outside semi-statically configured UL subband are allowed or not in the symbol configured as flexible in TDD-UL-DL-ConfigCommon based on the following options:
· Option 1 (semi-static): DL receptions outside semi-statically configured DL subband(s) are not allowed and UL transmissions outside semi-statically configured UL subband are not allowed
· Option 2: DL receptions outside semi-statically configured DL subband(s) are allowed 
· UL transmissions outside the semi-statically configured UL subbands are not allowed
· Option 3: DL receptions outside semi-statically configured DL subband(s) are allowed
· UL transmissions outside the semi-statically configured UL subbands are allowed
Dynamic SBFD should be compared with dynamic TDD and/or semi-static SBFD in terms of performance, implementation complexity, switching latency.
For each option, additional conditions may apply to determine whether the option is applicable.



 In the discussion, it is debated that whether or not the SBFD symbols can be enabled/disabled so that the symbol is turned into DL-only or UL-only symbol. We had better approach to this issue from the viewpoint of backward compatibility and cross link interference (CLI). Firstly, the UL subband is configured on the DL and/or Flexible symbols. Those symbols are also shared with the legacy UEs. For the legacy UE, it may need somewhat flexibility to cope with the load balance, especially for DL heavy case. As we already have an agreement that the SBFD is semi-statically configured on DL/Flexible symbol, once it is configured in the cell, it is hard to change its configuration unless the RRC reestablishment is performed. It is critical for the legacy UE and corresponding gNB scheduling to adjust the load balancing. Therefore, we propose that the DL reception outside the DL subband on DL subband on DL/flexible symbol and the UL transmission outside the UL subband on the flexible symbol are allowed.
Proposal 2: The DL reception outside the DL subband on DL/flexible symbol and the UL transmission outside the UL subband on the flexible symbol are allowed.
Subband resource configuration
Cell-common vs. UE-specific
As we already had an agreement that both time and frequency location should be known to SBFD aware UE, the time resource indication for UL subbands should be defined together with frequency resource. Since UL subbands are configured on DL/Flexible symbols, the procedure should take into account the transmission direction from/to UE. For Cell-common resource configuration, the transmission direction collision can occur between the SBFD aware UE and the legacy UE, however, this is inevitable issue in SBFD system design, and the scheduler should strive to avoid the collision. On the other hand, for UE-specific resource configuration, the scheduler should consider more collisions between the SBFD aware UEs in addition to the consideration between the legacy UE and the SBFD aware UE. Assuming that the resource configuration can be performed by both cell common and UE specific. For example, the resources for UE1 and UE2 are configured by the cell common and the resource for UE3 is configured by UE-specific, and the slot and UL subband configuration are illustrated as shown in Fig.1.
[image: ]
Figure 1. Cell-common vs. UE-specific
In the second slot of Fig.1 (a) or the first slot of Fig.1 (b), there are mixed slot format with UL subband and DL slots. As an example of Fig.1 (a), once the UE3 starts DL reception on second slot, then UE1 and UE2 cannot use the UL subband on the slot. Similar things happen in the first slot of Fig.1 (b). In this case, the resource efficiency is significantly degraded. Based on this fact, we propose that the resource configuration for UL subband should be based on cell common to reduce CLI among UEs.
Proposal 3: The resource configuration for UL subband should be based on cell common to reduce CLI among UEs.
Time domain resource granularity of SBFD symbol
In RAN1 #112 meeting, following agreement was made for the granularity of the time resource for the UL subband.
	Agreement
Study whether or not a slot can consist of both SBFD and non-SBFD symbols including
· Benefits
· Use cases
· Scheduling flexibility
· Implementation complexity 
· Compatibility with legacy TDD DL/UL configuration


In this section, we discuss the details of the time domain resource granularity of symbol and slot for SBFD symbol.
Benefits
The slot level configuration for the SBFD symbol has a merit that the time resource management can be comparatively easily conducted since only slot information is required to configure the SBFD symbols. On the other hand, the symbol level configuration has kind of complicated configuration like a slot format configuration (TDD UL/DL configuration) as defined in the current specification as it requires both slot and symbol information, moreover the gNB should consider the cross link interference in a symbol level. Consequently, the implementation complexity will slightly increase. As a tradeoff, the symbol level configuration can be achieved flexible resource usage due to its fine granularity. This, flexibility can be significantly helpful for TDD system which makes efficiently use of the limited time domain resources.
Another important thing to be care is that the enough RF turnaround time should be guaranteed in the SBFD operation. Since the guard period consists of several symbols from the current specification, it is simply configured for the symbol level configuration that the guard period can be explicitly or implicitly configured wherever it is required. However, for the slot level configuration, we need to carefully investigate the guard period configuration method. Figure 2 shows three candidates of the guard period configuration methods for the slot level configuration.
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Figure 2. Guard period configuration for the slot level granularity
Firstly, as shown in Fig.2 (a), the guard period can be configured at the symbols in the end of previous slot. In this case, the UL subband can make use of whole symbols in a slot. On the other hand, the guard period can be configured within the slot where the UL subband is configured with explicit indication in Fig.2 (b) and implicit derivation (e.g., gNB does not schedule / UE does not expect to schedule on the symbols) in Fig.2 (c). Based on this fact, we can conclude that it had better having somewhat flexibility at least to set the guard period for the slot level granularity if the guard period is configured within the slot where the UL subband is configured.
For both methods, the scheduler should carefully configure the SBFD symbols not to occur the densely configured with non-contiguous SBFD symbols (i.e., frequent change between UL subband and other symbols) since it causes wasting the time domain resources due to the fact that every UL subband essentially requires the guard period.
Compatibility with legacy TDD DL/UL configuration
As defined in the current specification, the legacy TDD DL/UL configuration can configure the time resources in symbol level. Also, according to the previous agreements that the UL subband can be configured on DL and flexible symbols, we need to consider the mixed format in a slot (i.e., special slot). Generally, the flexible symbols in the special slot can be used as a guard period for RF turnaround time or a data transmission for UL or DL. In this case, the symbol level configuration can avoid the guard period or configure the UL subband depending on the usage of the flexible symbols. However, the slot level configuration cannot cover both cases. From this fact, the symbol level configuration is beneficial from the viewpoint of the legacy TDD DL/UL configuration.
Based on above analysis, we propose to capture the following analysis in the TR
· The symbol level configuration of SBFD symbol is beneficial for the compatible with legacy TDD DL/UL configuration while the implementation complexity gets slightly higher.
· The slot level configuration of SBFD symbol is beneficial for less complexity of the implementation but it requires more investigation for the backward compatibility with legacy TDD UL/DL configuration.
· For the slot level configuration, it may need some flexibility to configure the guard period if the guard period is configured on the slot where the UL subband is configured.
· For both methods, the scheduler should carefully configure the SBFD symbols not to occur the densely configured with non-contiguous SBFD symbols to avoid resource wasting due to guard period.
Proposal 4: Capture the following analysis in the TR for the time domain resource granularity of SBFD symbol:
· The symbol level configuration of SBFD symbol is beneficial for the compatible with legacy TDD DL/UL configuration while the implementation complexity gets slightly higher.
· The slot level configuration of SBFD symbol is beneficial for less complexity of the implementation but it requires more investigation for the backward compatibility with legacy TDD UL/DL configuration.
· For the slot level configuration, it may need some flexibility to configure the guard period if the guard period is configured on the slot where the UL subband is configured.
· For both methods, the scheduler should carefully configure the SBFD symbols not to occur the densely configured with non-contiguous SBFD symbols to avoid resource wasting due to guard period.
Random access on UL subband
In previous meeting, the random access 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 1: Due to the CLI from PRACH transmission procedure on UL subband, the overall system performance will decrease.
Also, as raised several companies at previous meeting, the priority of SBFD topic is RRC connected mode. Based on our Observation, we think there is no strong motivation in the random access on UL subband. As an alternative solution, 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 5: PRACH coverage enhancement is better to be discussed in further NR coverage enhancement agenda (NR_cov_enh2)
Conclusion
In this contribution, we provide our views on the study of subband non-overlapping full duplex as below
Proposal 1: The frequency location of DL subband(s) are implicitly derived, and the guardband(s) are explicitly indicated for the SBFD operation. 
Proposal 2: The DL reception outside the DL subband on DL/flexible symbol and the UL transmission outside the UL subband on the flexible symbol are allowed.
Proposal 3: The resource configuration for UL subband should be based on cell common to reduce CLI among UEs.
Proposal 4: Capture the following analysis in the TR for the time domain resource granularity of SBFD symbol:
· The symbol level configuration of SBFD symbol is beneficial for the compatible with legacy TDD DL/UL configuration while the implementation complexity gets slightly higher.
· The slot level configuration of SBFD symbol is beneficial for less complexity of the implementation but it requires more investigation for the backward compatibility with legacy TDD UL/DL configuration.
· For the slot level configuration, it may need some flexibility to configure the guard period if the guard period is configured on the slot where the UL subband is configured.
· For both methods, the scheduler should carefully configure the SBFD symbols not to occur the densely configured with non-contiguous SBFD symbols to avoid resource wasting due to guard period.
Observation 1: Due to the CLI from PRACH transmission procedure on UL subband, the overall system performance will decrease.
Proposal 5: PRACH coverage enhancement is better to be discussed in further NR coverage enhancement agenda (NR_cov_enh2)
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