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[bookmark: _Ref134976538]Introduction
[bookmark: _Hlk510705081]RAN has agreed a new Rel-18 Study Item on Evolution of NR Duplex Operation with the following objectives [1]:
	The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).
Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion.


In this contribution, we discuss open issues related to subband non-overlapping full duplex (SBFD). The feasibility and performance of SBFD are discussed in Sections 2.1 and 2.2, respectively. Section 2.3 includes system design considerations and our view on the enhancements required to enable optimized SBFD operation, also based on the discussions and agreements from previous RAN1 meetings (see also Annex). Finally, our proposal and observations are summarized in Section 3.  
Discussion
SBFD feasibility
Self-interference is one of the most challenging interference types introduced with SBFD. Solutions to handle gNB self-interference with full duplex are e.g. physical isolation, analog/RF cancellation, and active digital cancellation. Note that active digital cancellation is typically used to suppress self-interference on overlapping frequency resources. Though non-linear digital cancellation techniques may be applied to attenuate self-interference from non-overlapping frequency resources, their complexity can be quite high as compared to the additional interference-suppression gain they can provide, especially for high number of TxRU in FR1. Therefore, next we focus on physical Tx-Rx isolation and analog/RF cancellation as primary techniques to combat gNB self-interference with SBFD.   
Figure 1 shows a simplified example of legacy gNB RF architecture, and possible enhancements to achieve the required self-interference suppression needed for SBFD. With legacy RF architecture (1), the power is limited by circulator isolation and antenna matching. Additional RF cancellation is needed to suppress in-band emissions and relax receiver linearity requirements. However, RF cancellation solutions (2) are currently not commercially viable due to their high cost and complexity. Also, the extra noise from additional RF components may further degrade the uplink performance, even when SBFD is not being used. On top of that, the complexity and cost of RF cancellation solutions do not scale nicely with the number of TRXs. For all these reasons, SBFD operation using shared antenna for Tx and Rx does not appear to be feasible and Tx-Rx isolation from separate DL and UL antenna panels (3) is to be assumed as the baseline for practical implementation of SBFD at the gNB. Even in this case though, scattering/clutter near the antenna can still be a problem in real deployments. Also, use of separate DL and UL antenna panels have significant impacts on the antenna size with inevitable consequences for the gNB volume, weight and power consumption. In other words, for the same antenna size/gNB volume, at least a 3dB array loss may be experienced as compared to the baseline of using the full available array for Tx or Rx. Moreover, the Tx-Rx reciprocity may be somewhat compromised, which can impact the ability to optimize throughput using advanced massive MIMO techniques. More detailed discussions on the feasibility and on the severity of the impacts of SBFD can be found in [2], including numerical examples and qualitative evaluations of the suitability of gNB RF architectures for SBFD operation.
[bookmark: _Ref134976469]SBFD cannot be operated without changes to the RF architecture and as such SBFD needs new physical implementations and cannot be software upgraded to existing and deployed base stations.
The above observation has been also reflected in the agreements from RAN4 #104-e meeting (Agreement: if found feasible, SBFD operation requires new/enhanced implementation for gNB capable of SBFD and cannot be software upgraded to existing BS), which confirms the significant impact on implementation effort and base station cost required for introducing support of SBFD functionality. 
(1) Legacy
(2) RF cancel path
(3) Dual antennas

[bookmark: _Ref111141541]Figure 1 Example of legacy and enhanced gNB RF architecture for better support of SBFD 
SBFD performance
Simulation results for co-channel FR1 Urban Macro (UMa) and FR1 and FR2 Indoor Office scenarios have been presented in detail in our companion contribution R1- 2305396 [2]. The key simulation assumptions and observations are included below:
FR1 UMa
For FR1 UMa, the simulations consider the agreements up to RAN WG1 #112-bis-e meeting. Deployment Case 1 is considered where one single operator is simulated and all the cells belonging to the operator use SBFD operation with the same SBFD subband configuration. For the comparison between TDD, we considered a DDDSU frame configuration, and for SBFD, a XXXXX with X denoting a SBFD with ~20% UL RBs; corresponding to ‘Alt 4’ agreed by RAN1 where the goal is to have the same UL/DL resource ratio between Legacy TDD and SBFD. With respect to gNB antenna configurations, an antenna array of (M, N, P, Mg, Ng) = (8, 8, 2, 1, 1) is assumed for TDD, while for SBFD we considered Option 2 (twice area than TDD with same TxRUs) and Option 3 (same area than TDD with half TxRUs).
Regarding the isolation, the following settings for ratio of self-interference (RSI) and inter-sector interference are assumed:
· Setting 1 - Optimistic: 149 dB RSI and 135.5 dB for inter-sector interference ratio. 
· Setting 2 - Realistic: 149 dB RSI and 117.5 dB for inter-sector interference ratio. 
· Note that 149 dB RSI may still not be a feasible assumption; however, here the focus is to understand the impact of the inter-sector isolation while the value of RSI is designed to achieve 1 dB receiver desensitization and will not have a major effect on the final performance. 

The results are shown in Figure 2 below, which shows the average UL UPT for 5th, 50th and 95th percentile for the UMa FR1 scenario with the settings described above. Focusing first on the SBFD results, Figure 2 highlights the effect of the SBFD BS antenna configuration and SBFD isolation assumptions. First, it is noted that using the same antenna size (purple and green bars) are, as expected, providing worse results than doubling the antenna elements (red and yellow bars). Out of the latter option, the setting with optimistic inter-sector isolation reports higher UL throughput since it mitigates the co-channel inter-sector interference to a larger extend. In fact, 117.5 dB of inter-sector isolation is not enough isolation and brings the gNB receiver into blocking when the piece-wise noise figure model is applied.
On the comparison with static TDD, the first observation is that none of the SBFD configurations results in better performance than static TDD. Moreover, it is noted that SBFD is more vulnerable to the effect of the load as compared to static TDD due to the presence of the cross-link interference components. One could expect SBFD to provide gains on the 5th percentile of the throughput at low loads. However, our simulations show that the difference in UL SINR between static TDD and SBFD is too high to result in performance gains. In [2], it is observed that both the inter-sector interference and the inter-gNB interference are the most dominant interference components of SBFD total interference. The frequent downlink transmissions on the neighbour sectors and base stations hinders the UL reception.
[image: ]
[bookmark: _Ref134970918][bookmark: _Ref134970913]Figure 2: Average UL UPT for static TDD and different configurations of SBFD for FR1 UMa cluster scenario
[bookmark: _Ref134976478]The presence of co-channel inter-sector and co-channel inter-gNB inter-subband CLI impacts the SBFD performance and hinders any gain on the UL UPT with respect to static TDD.
Figure 3 shows the average DL UPT for 5th, 50th and 95th percentile for the UMa FR1 scenario with the settings described above. A large performance degradation is observed at the 5th and 50th percentiles of the DL throughput. The reason is the UE receiver blocking due to the UE-to-UE inter-subband interference. Specifically, considering one or more UL UEs and DL UEs are placed close to each other in the same building/cluster with large coupling loss towards the serving cell, the UL UE(s) would generally transmit over a few RBs (e.g. 4 RBs) with full 23 dBm transmit power in order to meet a certain power-spectral density target in the base station receiver. The resulting UE in-band emission (IBE) of the UE is very high which causes blockage in the nearby DL UE(s) (especially if the DL signal is relatively weak due to the large coupling loss towards the serving cell).
[image: ]
[bookmark: _Ref134971918]Figure 3: Average DL UPT for static TDD and different configurations of SBFD for FR1 UMa cluster scenario
With clustered UE distribution in UMa Scenario, there is significant degradation of UE DL throughput due to UE-UE CLI even at low load. This mainly occurs when one or more coverage limited UEs transmit over a few, e.g. 4, RBs with full 23 dBm UL transmit power which generates large amount of UL leakage interference to other UEs receiving in DL.

FR1 Indoor Office
For the FR1 Indoor Office scenario, the performance considering different payload sizes was investigated in our companion contribution[2], the main results and discussion are summarized below: 
Considering a large payload size (125 kB in the UL and 500 kB in the DL), SBFD shows slightly worse UL user perceived throughput (UPT), reporting an average of just above 1% performance degradation as compared to static TDD. The main reason for this degradation is the fact that the FTP3 payloads can actually be transmitted faster (i.e. with lower latency) with TDD than with SBFD. For instance, for a relatively high MCS, in the case of TDD UL, on average at least 3 ‘full’ UL slots are needed to transmit the 0.125 Mbytes payload to the base station, while 18 ‘partial’ SBFD slots are needed in the case of SBFD. In TDD, in the best case, the 3 UL slots may come as UDDDSUDDDSU (over 11 slots in total) while in SBFD at least 7 additional slots are needed. It is worth noting that we have not seen any significant effect of self-interference. In fact, we observe minor changes in the SBFD UL performance even if we relax the RSI assumption from 120 dB down to 100 dB. For downlink, the performance difference between TDD and SBFD is also minimal. The effect of the intra-cell and inter-cell inter-subband UE-UE CLI does not play a big role in the SBFD performance in this scenario. The dominant component of the downlink interference is the legacy DL interference generated at neighbour gNBs. This is expected as the UE Tx power is kept relatively low.
 For FR1 Indoor Office scenario with 0.125 Mbytes FTP3 payload size and assuming similar ratio of DL resources for SBFD and TDD (XXXXX vs DDDSU), SBFD results in a UL throughput degradation of around 1% compared to static TDD. The reason is that with TDD there are more resource blocks available simultaneously for the same link direction (either UL or DL) which allows to upload the 0.125 Mbytes payloads faster than in SBFD. It is noted that in this scenario, no UL performance degradation due to self-interference is observed even with relaxed assumption of RSI=100 dB. The reason of this is that the required receiver sensitivity in this local-area scenario is much lower than in wide-area deployments due to higher received power from the UEs.
For a scenario with small payload size (1 kB in the UL and 4 kB in the DL), contrary to the large payload results, SBFD gives an overall improvement of UL throughput compared to TDD of at least 120%. The reason for this is that the transmission of the entire 1 kB payload can fit a single slot for both SBFD and TDD. The main difference is the UL resource availability and the impact on the queuing delay. In SBFD, an UL packet is transmitted almost immediately in the case of SBFD, while there is generally some waiting time in the case of TDD UL (an average of 2 slots to get the next UL scheduling opportunity). This problem becomes even larger for the high load cases in which packets are queued for more than 1 full radio frame before they get served in TDD. The benefits on the UL throughput are also visible in the average UL packet delay as shown in Figure 11 of [2]. 
For FR1 Indoor Office scenario with small 1 kB FTP3 payload size and assuming similar ratio of DL resources for SBFD and TDD (XXXXX vs DDDSU), SBFD provides significant UL throughput and UL latency improvement as compared to static TDD. As compared to the case with large 125 kB payload, here the transmission of the entire 1 kB payload can generally fit a single radio slot, thus it is transmitted almost immediately in the case of SBFD, while there is generally some waiting time in the case of TDD.
 For Indoor Office, SBFD performance shall be compared with dynamic TDD or more UL-centric TDD radio frames rather than “DDDSU” static TDD. It is expected that such alternatives can provide similar gains as SBFD.

FR2 Indoor Office
For the FR2-1 Indoor Office scenario, different payload sizes were considered and discussed in [2], Here, we focus on the discussion of the scenario with small payload size (1 kB in the UL and 4 kB in the DL). 

Similar as for the FR1 InH scenario, the SBFD benefits are highly visible in UL for the small payload size. Both the UL UPT and the UL packet latency are improved. The reason for this is a combination of the following: good link budget that results in high SINR, sufficient self-interference isolation, 100% availability of UL resources at any SBFD slot and UL packets mostly fitting into 1 radio slot.

In downlink, as shown in Figure 15, we noted that SBFD provides very similar performance DL UPT and DL packet latency for low and medium loads. The reason is that, in most of the cases, 1 slot is enough to transmit the 4 kB DL packet. The benefit of SBFD comes from the 100% availability of DL resource at any slot. At high loads, degradation is visible for SBFD due to the presence of inter-subband UE-to-UE CLI, whose power is higher than observed legacy DL interference. This is especially noticeable for those UEs with lowest SINR, and it is shown in the 5%-ile DL UPT.

For the small payload size, SBFD shows significant gains in both the UL UPT and the UL packet latency in the Indoor office FR2-1 scenario. The reason for this is a combination of the following: good link budget that results in high SINR, sufficient self-interference isolation, 100% availability of UL resources at any SBFD slot, and UL packets mostly fitting into 1 radio slot.
For the small payload size, SBFD shows no gain or even degradation in performance in terms of DL UPT and latency in the Indoor office FR2-1 scenario. This is especially noticeable at high loads where the co-channel inter-subband UE-to-UE CLI plays an important role
System design considerations & SBFD enhancements
SBFD configuration 
Semi-static and dynamic SBFD configuration
One issue that was discussed in the past meetings was dynamic SBFD, in which the semi-statically configured UL subband in a symbol or slot that is configured as DL or flexible in TDD-UL-DL-ConfigCommon can be dynamically disabled. The following was agreed in RAN1 #112:
	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 RAN1 #112bis[3], the following options were discussed, but not agreed: 
	Proposal 1-8f
Proposed Agreement:
Study at least the following options for dynamic SBFD.
· Option 1: Dynamic SBFD is achieved by scheduling DCI which is used to indicate whether the RBs in flexible subband where RBs in flexible subband can be dynamically are used for UL transmission and or DL transmission. 
· FFS definition of flexible subband, e.g. flexible subband is defined as 1 RB or a set of consecutive flexible RBs, which can be used for UL transmission, DL transmission, and guard band 
· FFS benefit of introducing flexible subband in addition to UL/DL subbands
· Option 2: Dynamic SBFD is achieved by scheduling DCI which is used to determine whether DL receptions outside semi-statically configured DL subband and/or UL transmission outside semi-statically configured UL subband are allowed.
· Option 3: Dynamic SBFD is achieved by non-scheduling DCI which indicates whether a symbol is SBFD symbol or not.
Note: whether or not dynamic SBFD is beneficial from a performance perspective is a separate discussion



In our view, dynamically disabling the UL subband should be possible. As shown in the first part of this document, SBFD operation degrades the DL throughput, due to the partial allocation of DL resources to UL. If dynamic SBFD configuration in time is not possible, there is a risk that the network won’t be able to adapt to varying traffic and load conditions. It should be noted that disabling semi-statically configured UL subband in symbols configured as DL or Flexible in TDD-UL-DL-ConfigCommon corresponds to falling back to (dynamic) TDD, which is shown by several companies to provide, in specific circumstances, similar or even better performanceas compared to SBFD 
SBFD operation in symbols configured as DL improves the UL performance at the cost of DL performance. Dynamic adaptation of the frame structure based on traffic changing, for example, by converting SBFD symbols to DL-only, or allowing DL receptions outside the DL subband is beneficial, since it allows adaptation to the current traffic conditions by dynamically falling back to (dynamic) TDD. 
Support dynamic indication of SBFD subbands in time-domain.
Regarding the three options discussed in RAN1 #112bis-e, in our view it is important that the network ensures that all the SBFD UEs understand whether the UL subband is active in each symbol or not to avoid collisions between UL and DL transmissions, as well as creating interference in different directions. 
We do not see any benefit of Option 1. In our view, flexible symbols are already supported by the specification, and there is no gain in creating a flexible subband. We assume that it is not possible to configure a DL subband in an UL symbol, so assuming that the flexible subband could be configured in the middle of the band, in a DFD configuration for example, this symbol could only be used as SBFD (DUD), or DL-only, and this is already achievable by the two other options.
In Option 2, the symbol is not converted to a non-SBFD symbol, but the dynamic behavior is implemented by the scheduling DCI, for example, by allocating DL within the UL subband and guardbands. In our view, only the UEs that are dynamically scheduled in that symbol would be aware of the change, while other UEs with e.g. a persistent allocation (for UL transmission, or periodic DL receptions, such as CSI-RS) might not be aware of it, potentially causing collisions with dynamically scheduled transmissions. Another problem with Option 2 is that solutions based on rate matching around the UL subband and guardband(s) are being discussed for both type 1 and type 0 RA. For type 0 RA, partial use of an RBG overlapping with the DL subband boundary is being considered, while for type 1 RA, one of the options is that the UE is scheduled with a contiguous set of resources and applies rate matching around the UL subband and guardband(s), if any. In case Option 2 is agreed, there should be mechanisms for the UE to understand when resources overlapping with the DL or UL subbands in a SBFD symbols are to be rate matched, and when they are not. One solution, in Type 0 allocation for example, could be to allocate at least one RBG completely overlapping with the subband in the opposite direction (for example, a DL RBG completely within the UL subband). This way, scheduling outside the DL or UL subband could be implicitly indicated to the UE with the FDRA. For type 1 allocation, the implicit indication could be based on the start or end of the allocation (for example, a DL allocation that starts or ends within the UL subband), or the UE can judge whether the allocation in terms of number of allocated RBs and start RBs would fit the DL subband resources. 
In Option 3, in which the SBFD symbol is converted to a DL-only or UL-only symbol, in our view, there could be a lower layer signalling such as SFI or enhanced SFI, to support communicating to all the SBFD UEs that this symbol is converted to a DL-only/UL-only. The benefit of this alternative is that it ensures that the interference is controlled and that the right resources are used at a given time, i.e., collisions are avoided. In that case, this symbol may not be characterized as a SBFD symbol anymore, since there would not be different DL subband(s), UL subband and guardband(s) defined. This means, whatever is decided in terms of allowing or not-allowing DL/UL transmissions outside of DL/UL subbands in SBFD symbols configured as DL or Flexible in TDD-UL-DL-ConfigCommon, it does not apply to symbols that are dynamically converted to DL-only or UL-only symbols. 
If the SBFD symbol is dynamically converted to a DL-only or UL-only symbol, it is not characterized by DL/UL subbands and guardband(s). 
[bookmark: _Ref134624679]For a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, support converting the SBFD symbol to DL-only symbol. 
For a SBFD symbol configured as flexible in TDD-UL-DL-ConfigCommon, support converting the SBFD symbol to DL-only or UL-only. 

Based on the above proposals, the frame structure signaling framework may need to be enhanced to support dynamic subband location in time domain, e.g. by providing a mechanism for dynamic adjustment of the sub-band configuration in line with traffic demands and using lower-layer signaling. For example, it could be possible to signal the frequency domain location of the UL subband via higher layer signaling, while the time domain location of the UL subband is provided with a combination of higher layer and lower layer signaling, the latter possibly being SFI or enhanced SFI. However, before RAN1 can further progress on the signaling framework, it must first reach consensus on the support for dynamic subband location in time (and/or frequency) domain.
[bookmark: _Ref134624625]For a SBFD aware UE in a symbol semi-statically configured as DL or Flexible in tdd-UL-DL-ConfigurationCommon, study mechanisms enabling dynamic configuration of the SBFD UL subband in the symbol. 
Additionally, in previous meetings, there had been agreements on the UE behavior within DL subbands and UL subbands for SBFD operation in symbols configured as DL or flexible in TDD-UL-DL-ConfigCommon.In RAN1 #111, the following has been agreed for a UE configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon:
		Agreement
	For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
	· UL transmissions within UL subband are allowed in the symbol
	· UL transmissions outside UL subband are not allowed in the symbol
	· Frequency locations of DL subband(s) are known to the SBFD aware UE
	· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
	· DL receptions within DL subband(s) are allowed in the symbol
Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol



Considering our Proposal 2: above, in which we discuss that the symbol can be converted to a DL-only symbol, we propose to update the agreement above as: 
For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· The symbol can be converted to a DL-only symbol
Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol
For a UE semi-statically configured with UL subband in a SBFD symbol configured as flexible, in RAN1 #112-bis-e the agreement was updated as: 
	Agreement:
· Endorse the text proposal in R1-2303639 with the following update.
6.1.1.3	SBFD operation in symbols configured as flexible in TDD-UL-DL-ConfigCommon
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the following optionsalternatives are studied for SBFD aware UEs,
OptionAlt 1: 
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
· FFS: Whether DL receptions outside DL subband(s) are allowed or not in the symbol
OptionAlt 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
DL receptions within DL subband(s) are allowed in the symbol



The first alternative is similar to the agreement reached for SBFD operation in symbols configured as DL. UL transmissions are allowed only within the UL subband, and the DL subband(s) frequency locations are known to the SBFD aware UE. There is still an FFS on whether DL receptions outside DL subband(s) are allowed or not in the symbol. With Alt 1, SBFD UEs cannot transmit in UL outside of the UL subband in symbols configured as Flexible in TDD-UL-DL-ConfigCommon, which limits the gNB flexibility as compared to legacy UEs. The second option, on the other hand, increases the SBFD operation flexibility by allowing all RBs outside of the UL subband to also be used for UL. The behavior in SBFD symbols outside the UL subband in Option 2 is similar to the behavior in legacy Flexible symbols, though it is not clear what “from gNB’s perspective” means in the agreement. It if means that RBs outside the UL subband can be used for UL by the gNB but not by SBFD aware UEs, then there is in practice no difference between Alt 1 and Alt 2. If RBs outside the UL subband can be used for UL by SBFD aware UEs, then there is no need to specify “from gNB’s perspective” in the agreement. Note that symbols configured as flexible in TDD-UL-DL-ConfigCommon can be used for DL or UL since Rel-15, and in this perspective, we think this should still be possible for SBFD operation in flexible symbols. 
Symbols configured as flexible in TDD-UL-DL-ConfigCommon can be used for DL or UL since Rel-15.
Considering the options discussed in RAN1 #112-bis for SBFD operation in symbols configured as Flexible in TDD-UL-DL-ConfigCommon, we think it should be possible to convert the symbol to a DL-only or a UL-only symbol not to introduce unnecessary scheduling restrictions for SBFD-aware UEs as compared to legacy UEs . Therefore, our preferred alternative is Alternative 1 with the following update: 
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon:
•	UL transmissions within UL subband are allowed in the symbol
•	UL transmissions outside UL subband are not allowed in the symbol
•	Frequency locations of DL subband(s) are known to the SBFD aware UE
•	DL receptions within DL subband(s) are allowed in the symbol
· The symbol can be converted to a DL-only symbol or UL-only symbol

Enhancements to the current frame structure signalling
Next, we discuss the required enhancements to the current frame structure signaling. First, the signaling should guarantee backwards compatibility for legacy UEs, considering that the legacy UE may not be able to operate if the broadcast TDD configuration tdd-UL-DL-ConfigurationCommon included flexible symbols. To ensure legacy UE operation, the legacy time domain TDD UL/DL pattern e.g. DDDSU can be indicated by the gNB via tdd-UL-DL-ConfigurationCommon. For SBFD aware UEs, the gNB shall indicate the frequency and time location of the UL subband via either SIB or using dedicated RRC configuration. 
As the configuration of the UL subband is cell specific, and as we support initial access in SBFD symbols (Section 2.3.3),  we think that signaling the frequency and time location of the UL subband via SIB should be assumed as baseline. Therefore, signaling via dedicated RRC can be considered as an additional (not alternative) option
Signaling of the frequency and time location of the UL subband via SIB is assumed as baseline. Signaling via dedicated RRC can be considered as an additional (not alternative) option. 
When configuring the UL subband, the gNB indicates a set of UL resources (time and frequency domain) that converts a set of DL or flexible symbols in tdd-UL-DL-ConfigurationCommon in SBFD symbols by including a set of resource elements (REs, PRBs, etc.) that can be used for UL transmission, i.e. it creates a SBFD UL subband on DL (and flexible) symbols within the carrier/BWP. There are different options how this could be achieved, e.g.: 
· a RE/symbol square consisting of two [symbol, PRB] tuples indicating respectively the starting and ending point (in both time and frequency domain) of the UL subband. 
· a starting PRB and a starting symbol, together with a number of PRBs in frequency domain, and a number of symbols in time domain
· the frequency/time square can be indicated in a similar way the PUSCH resource allocation is provided; a Resource Indicator Value (RIV) provides jointly a starting PRB and a number of PRBs within the active BWP or within the common RB (CRB) grid, and a corresponding Start and Length Indicator Value (SLIV) indicates the subband configuration in time domain
· a starting symbol and a frequency offset relative to the frequency allocated to CORESET0, and a number of PRBs in frequency domain and number of symbols in time domain. The frequency offset can be negative or positive relative to CORESET0. 
In the last RAN1 meeting, it has been agreed that for the purpose of this study, the understanding is that for semi-static configuration of subband frequency location, the frequency location of DL or UL subband is with reference to the common resource block (CRB) grid. This alternative allows the configuration of the UL/DL subbands in any part of the BWP, i.e., it allows for a large configurable range. However, in our view, not all PRBs are suitable for the configuration of UL subbands, such as the frequencies used for the allocation of the SSB or the CORESET0 (if allowed in SBFD symbols) and shouldn’t be considered for the allocation of the UL subband. This is the situation illustrated in Figure 4 below, in which SSBs are sent in the lower DL subband. Therefore, using the CRB as a reference for the UL subband could cause waste in the number of indicated bit resources compared to using a different reference, such as the PRBs used for the transmission of SSB or CORESET0, and an offset to configure the UL subband.
Not all PRBs are suitable for the configuration of the UL subband, for example, those configured for SSB or CORESET0 transmission (if allowed in SBFD symbols). Using the frequency allocated to the transmission of the SSB or CORESET0 as reference, and an offset for the configuration of the UL subband, can reduce the configurable range and number of bits used to indicate the UL subband to the UE. 
[image: ]
[bookmark: _Ref135037267][bookmark: _Ref135037262]Figure 4: SSB configuration in DL subband of SBFD symbol.

 The frequency allocated to SSB or CORESET0 is used as reference for the configuration of the UL subband. 
SBFD operation in SSB symbols
In RAN1#112bis-e it was agreed to study different options for SBFD operation in SSB symbols:
	Agreement
Study the following options for SBFD operation in SSB symbols.
· Option 1: UL subband cannot be configured in an SSB symbol
· FFS handling of misaligned periodicities between SSB and semi-static SBFD subband time location configuration
· Option 2: An UL subband can be configured in an SSB symbol
· FFS whether/when and/or under which conditions an SBFD-aware UE transmits in the UL subband or may receive SSB in the symbol.




[bookmark: _Hlk133926705]In our view, there are some drawbacks of allowing SBFD operation in SSB symbols as in Option 2. SSBs are used for serving cell and neighbor cells measurements by both SBFD aware UEs and legacy UEs. SSBs are broadcast signals periodically transmitted, which can increase the self-interference at the gNB if the UL subband is configured, and UEs are scheduled to transmit in this subband.
In case SBFD symbols overlap with SSB symbols, the potential UL transmissions by aggressor UEs in the UL subband could degrade the SSB based measurements performed by victim UEs (legacy or SBFD aware) in the DL subband due to UE-to-UE inter-subband CLI. Additionally, it is worth mentioning that SSBs can be used by the UE for automatic gain control (AGC). If the UE is subject to CLI while it is measuring SSBs, it can impact its AGC performance. To avoid degradation, in our view, it is important to protect not only the SSB symbols from UE-UE CLI, but also the symbols that are preceding the SSB symbols.  There are currently scheduling restrictions for UL transmissions during SSB symbols to be measured. TS 38.133 (for example, in clause 9.2.5.3) states that the UE is not expected to transmit on: SSB symbols to be measured, 1 data symbol before each consecutive SSB symbol to be measured and 1 data symbol after each consecutive SSB symbol to be measured. 
In RAN1 #112 and RAN1 #112bis-e, there were proposals to allow the configuration of UL subband in an SSB symbol and to define UE behaviors if the scheduling overlaps with SSB symbols, such as not allowing UL transmissions within the UL subband. If the purpose of configuring SBFD symbols overlapping with SSB symbols is to, anyway, allow only DL receptions in these symbols, we wonder what the benefit of allowing the configuration of SBFD in SSB symbols at all. 
Another aspect that should be studied according to the agreement above is the handling of misaligned periodicities between SSB and semi-static SBFD subband time location. In RAN#112bis-e, companies mentioned that the SBFD subband time locations could be indicated by using the same periodicity as the TDD configuration defined within the TDD-UL-DL-ConfigCommon, which can be as short as 0.625ms for 120 kHz SCS. The SSB periodicity, however, is much longer, for example 20 ms. One option to handle the misaligned periodicities would be to allow the SBFD configuration with the same periodicity as TDD configuration, but to override this configuration by determining that the UL subband is invalid in certain symbols, such as SSB symbols and the symbols preceding or succeeding the SSB symbols. These symbols are treated as DL-only.In our view, not allowing SBFD operation in SSB symbols will not restrict the implementation of SBFD, given that the SSB period can be quite long, and that the transmissions are usually aligned between the neighbor cells. 
UL subband cannot be configured in SSB symbols and in symbols preceding SSB symbols.
Besides SSB symbols, SBFD operation may impact the detection of other common signals such as Type 0 PDCCH CSS, TRS, etc. Therefore, RAN1 should agree that it is at least possible to operate without SBFD UL subband in some symbols (e.g. SSB symbols), i.e. it is possible to operate SBFD with DL-only symbols.
SBFD operation with the possibility to configure the SBFD UL subband only in a subset of the legacy DL (or flexible) symbols is agreed as the baseline.
RB-set based and BWP based schemes
Also related to SBFD configuration, two main options have been discussed in the last meetings for the configuration of the time and frequency location of the UL/DL subbands to SBFD aware UEs: RB-set based and BWP based schemes.
· RB-set based: the gNB explicitly configures the time and frequency resource set within a carrier. The UE may observe DL and UL resources in a same symbol within a BWP. 
· BWP based: This scheme relies on the Rel-15 NR BWP framework to ensure that the UE active UL and DL BWP is always aligned with the UL and/or DL subband within a slot or symbol so that the UE can only observe one direction (either UL or DL) per symbol within a BWP.
The RB-set based scheme does not require specific enhancements to the Rel-15 BWP framework. The frequency resources reserved for DL (or UL) can be modified from symbol to symbol and/or from slot to slot. There is no need for the UE to adapt its DL and/or UL BWP to the time-varying frequency resources. Essentially, the UE’s active BWP may include PRBs that are used by the serving cell for the opposite link direction (e.g., UL BWP may include PRBs where the gNB is transmitting in DL, and vice versa, DL BWP may include PRBs where the gNB is receiving in UL). 
With the BWP based scheme, the cell/carrier can be seen as being divided into multiple subbands, each subband having its own TDD frame structure. The UE can be configured with one or more BWP pairs, each BWP pair overlapping with (or at least contained within) one of the subbands. This scheme also works with UEs supporting single configured DL and UL BWP pair with aligned center frequencies, which is the baseline assumption from RAN1 #110bis-e meeting. We think this option as the basic BWP based scheme. The basic BWP based scheme is schematically illustrated in Figure 5.
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[bookmark: _Ref113434263][bookmark: _Ref134975746]Figure 5 Baseline BWP based scheme
With the basic BWP-based scheme, a UE can work properly without new UE behavior to e.g. resolve the collision between UL/DL signal in SBFD symbols. Also, adaptation of (semi-statically) allocated resources based on the slot/symbol type is not needed, as the UE can be configured with different set of resources (PUCCH, CG-PUSCH, SS, CORESET, CSI-RS, etc.) per BWP, and can rely on BWP switching or BWP reconfiguration for determining which set resources should be used in a specific slot/symbol. 
The main drawbacks of the basic BWP based scheme are the reduced UE bandwidth, which can result in a significant reduction of the available peak data rate in both UL and DL, and the potential increase in signaling overhead, as the cell may need to provide at least one SSB per subband to ensure proper UE operation. 
 The basic BWP based scheme is rather straightforward but has severe UE peak rate and signaling overhead issue.
Some companies have also proposed a BWP based scheme where the UE can (more or less) dynamically adapt its active DL and UL BWP to the portion of the cell spectrum which is allocated for DL transmission and UL reception, respectively, in each slot/symbol. We refer to this option as advanced BWP based scheme (Figure 6). First, such advanced BWP based scheme requires more than one configured DL and UL BWP pair with unaligned center frequencies in cases with asymmetric UL-DL frequency partitioning such as D-U and U-D frequency domain configurations. This is not in line with the baseline assumptions agreed in RAN1 #110bis-e meeting. Besides that, one of the main challenges of such advanced BWP based scheme is that it requires very fast BWP switching delay. In practice, the UE shall be able to switch BWP nearly instantaneously from one symbol/slot to the next symbol/slot, e.g. in the transition from a SBFD slot to a TDD slot, and vice versa.  
 For the advanced BWP based scheme, there should be no additional gap due to BWP switch in the transition from SBFD slots to TDD slots, and vice versa.
Note that, based on current specifications, the BWP switch delay (in FR1) is between 0.75 ms and 3 ms, depending on the SCS and the UE capability. Within the BWP switch delay, the UE: (1) is not required to transmit UL signals or receive DL signals on the serving cell, and (2) may be allowed to cause interruptions of up to X slots on other active cells (X is between 0.5 ms and 1 ms depending on the SCS). More details can be found in TS 38.133, sections 8.6.2 and 8.2.2.2.5. 
Note that one of the main advantages of matching the UE DL/UL BWP to the portion of the cell spectrum allocated for DL transmission/UL reception in each slot/symbol is that the UE may adjust its digital filter bandwidth to the active BWP, with consequent benefits in terms of reduced inter-subband UE-2-UE cross link interference. In case the UE has this capability, it may also be assumed the UE can adapt its digital filter bandwidth to match the UL/DL subband with the RB-set based scheme, if the UE is aware of the UL/DL frequency partitioning in SBFD symbols. Therefore, the ability to better suppress inter-subband UE-2-UE CLI is more related to the UE capability of dynamically and rapidly adapting its digital filter bandwidth to the time varying UL/DL subband, and not much to whether the RB-set based or the advanced BWP based scheme is assumed. 
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[bookmark: _Ref113434569]Figure 6 Advanced BWP based scheme
In terms of digital filter bandwidth adaptation at the UE, there is substantially no difference between the RB-set based and the advanced BWP based approach. 
It should also be noted that in current NR specifications the in-band emission requirements are not depending on the BWP configuration. Many legacy devices do not adapt their digital filter’s bandwidth to the active BWP. Unless new in-band requirements are specified for SBFD aware UEs, we do not think that better UL transmission and DL reception filtering is in practice an advantage of any of the proposed schemes, though it may be easier to implement for the basic BWP based scheme.  
Unless new in-band emission requirements are specified, better UL transmission and DL reception filtering should not be considered as an advantage of any of the proposed schemes.
In Table 1 below we summarize the pros/cons and specification impacts of the different options. 
[bookmark: _Ref112676041]Table 1 Pros and cons of RB-set based and BWP based SBFD schemes
	
	RB-set based
	Basic BWP based
	Advanced BWP based

	Peak data rate
	High
	Low
(Limited by subband size)
	High

	Signaling overhead
	Low
	High
(at least one SSB per subband)
	Low

	Spec modifications for UL/DL Collision Handling in SBFD slots/symbols
	Yes 
(One slot/symbol can have both UL and DL resources)
	No 
(Only UL/DL resources in a slot/symbol)
	Yes 
(One slot/symbol can have both UL and DL resources)

	Spec modifications for adaptation of (semi-statically) allocated resources to available UL/DL resources in SBFD slots/symbols
	Yes
(May only be needed in case of dynamic indication of subband location in time domain)
	No
	No

	Spec modifications to BWP framework
	No
	Minor
(Specify how to determine the TDD frame structure per BWP pair, BWP consisting of two non-adjacent RB sets, etc.)
	Yes
(E.g. support semi-static BWP switching, configuration of BWP pair with unaligned center frequencies for UL and DL BWP, BWP consisting of two non-adjacent RB sets, new BWP switch requirements, etc.)

	Support dynamic indication of subband location in time domain (with or w/o adaptation of UE digital filter BW to UL/DL subband, depending on UE capability)
	Yes

	Yes
	No
(Depend on the feasibility of optimized BWP switching delay with dynamic indication of subband location in time domain)

	Adaptation of UE digital filter BW to UL/DL subband
	Possible 
(May depend on UE capability and may only be possible for semi-static SBFD configuration in frequency and time domain) 
	Possible 
	Possible
(May depend on UE capability and may only be possible for semi-static SBFD configuration in frequency and time domain)


Based on the above analysis and on the summary in Table 1, we conclude that:
· The basic BWP based scheme is the most straightforward from standard specification perspective but may have significant limitations in terms of UE peak data rate and signaling overhead (one SSB per subband). The basic BWP based scheme does not require support of DL and UL BWP pair with unaligned center frequencies, though some enhancements to BWP framework may be needed to e.g. configure a (DL) BWP consisting of at least two non-adjacent RB sets (e.g. for D-U-D SBFD configuration).
· Both the advanced BWP based and the RB-set based schemes have some standardization impact. Both schemes require specification of new UE behavior for handling UL/DL collision in SBFD slots. The advanced BWP-based scheme also requires enhancements/modifications to the Rel-15 BWP framework to enable e.g.: (1) semi-static BWP switching between two BWP pairs; (2) configuration of a BWP pair with unaligned center frequencies for UL and DL BWP (needed to support “non-symmetric” SBFD configurations, i.e. D-U and U-D); (3) configuration of a (DL) BWP consisting of at least two non-adjacent RB sets. The BWP-based scheme may also require specification of new BWP switching (delay and gaps) requirements.
· The RB-set based scheme may require additional standardization work to determine the validity of semi-statically allocated resources (and/or their adaptation to the available UL/DL frequency resources) in SBFD slots/symbols, at least if dynamic indication of subband location in time domain is supported.
· All options may support reduced UE-2-UE inter-subband CLI depending on the UE capability to adapt its digital filter BW to the UL/DL subband or BWP. 
Based on the observations and summary above, we propose: 
 Assume RB-set based scheme as the baseline. With the RB-set based scheme, a UE’s active BWP may include PRBs that are used by the serving cell for the opposite link direction. 
It should be noted that even assuming RB-set based SBFD configuration, it should still be possible to configure a UE with a BWP confined within a set of PRBs where the UE may only see one link direction per symbol within the BWP. In other words, operation according to the basic BWP based scheme is not precluded by RB set based signaling.  
[bookmark: _Hlk134976029]Operation according to the basic BWP based scheme is not precluded by RB-set based signaling.

Initial Access
Support of initial access in UL subband has been discussed in RAN1 since the beginning of the SI. No agreement has been reached so far, despite most of the companies are in favor of studying potential benefits and enhancements for initial access in UL subband. 
One example in which both legacy and SBFD UEs are configured with the same PRACH configuration index is shown in Figure 7, in which an initial access timeline is shown, in 4-step RACH for an SBFD UE (timeline in blue) and a legacy UE (timeline in orange). In this example, we show a DL heavy frame configuration. We assume that both UEs are ready to transmit PRACH by subframe 0 in the first frame. For simplicity in the figure, all processing delays are equal to 3 slots. RACH occasions are available in subframes 1,3,5,7,9. In this example, 30 kHz SCS is assumed. We assume PRACH configuration index 108, in which one PRACH slot is available in the subframe. 
· Msg 1 is sent in the first available RO. The first available RO for the SBFD UE occurs in subframe 1 while the first available RO for the legacy UE occurs in subframe 9. 
· Msg 2: is sent in the first available PDCCH, 
· Msg3: is sent in the first UL opportunity after Msg 2.
· Msg4: is sent in the first DL opportunity, after Msg 3.

	[image: ]



[bookmark: _Ref130807211]Figure 7 – Example of initial access delay for SBFD and Legacy UEs.
In this example, the total delay from slot 0 until msg4 is sent is 8 ms for the SBFD UE and 17 ms to the legacy UE. Though this figure oversimplifies the initial access delay, here we can see the aspects that impact it: 
· PRACH configuration index, which determines the subframes that contain a RACH occasion (RO)
· The frame format, which determines which PRACH occasions are valid and in which slots it is possible to send the different messages related to PRACH. 

For most PRACH configurations there is no difference between the valid ROs for a SBFD UE and for a legacy UE, because they are concentrated in subframes that are available to both (for example, 4 and 9). If we consider only the PRACH configurations with more than 4 subframes available in each frame, and repeat this exercise considering different PRACH configurations, processing times at the UE and gNB SSB periodicity and randomize the starting point in which both the SBFD UE and legacy UE are ready to send PRACH (starting point can be any slot from slot 0 to slot 40 – 2 full frames), we obtain the following results:
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	Figure 8 – (a) Example of initial access delay, SBFD UEs and Legacy UEs (b) initial access delay difference between SBFD UEs and Legacy UEs


In 50% of the cases, a delay reduction of 3 slots is achieved when comparing a DXXXU configuration and DDDSU configuration. In 90th percentile, a delay reduction of 10 slots is observed. When considering retransmissions, this reduction can be even more accentuated. 
As shown in the example above, Enabling PRACH transmission in SBFD symbols can reduce initial access delay. Moreover, PRACH coverage can also be enhanced as compared to only allowing PRACH transmissions in UL slots, e.g. by enabling long PRACH transmissions spanning over more than one UL slot. Additionally, when using the SBFD symbols for sending PRACH, it can be assumed that not all SBFD UEs will be competing for PRACH occasions with legacy UEs, which leads to less collisions, and less power used for retransmissions.
Enabling initial access in SBFD symbols can increase the PRACH capacity, PRACH coverage, as well as reduce initial access delay.
As in the example above, ROs could be configured using existing RACH configuration during legacy DL slots (i.e. slots configured as DL in tdd-UL-DL-ConfigurationCommon). Legacy UEs may consider the ROs colliding with DL symbols as invalid, while SBFD aware UEs may consider the ROs colliding with DL symbols as valid. Signaling the subband UL location in frequency and time domain to IDLE mode UEs (e.g. in SIB1) may facilitate the UE in determining the validity of ROs configured during SBFD symbols. On the other hand, having a single RACH configuration for legacy UL and SBFD symbols may create backward compatibility issue (legacy UEs do not expect ROs to be configured on symbols signaled as DL in tdd-UL-DL-ConfigurationCommon) and reduce the resource allocation flexibility.   
A better approach would be to have different RACH configuration parameters for legacy UL and SBFD symbols/slots. This can be done, for example, by means of signaling a new SBFD RACH configuration via SIB1 message to be used by SBFD aware UEs to perform random access in SBFD slots/symbols. The UE may implicitly assume that the new SBFD RACH configuration applies to ROs colliding with SBFD symbols, or an explicit indication on the valid ROs can be included in the new SBFD RACH configuration. Details are FFS. 
To handle cross link interference in SBFD symbols, the network could configure different criteria to consider a RO as invalid in SBFD slots unless certain conditions are met (by means of configuration of maximum transmit power, minimum coupling loss, priority rules, etc.). This can be done by defining new corresponding parameter(s) in the new SBFD RACH configuration. 
Study support of initial access on SBFD symbols by e.g. introducing a new SBFD RACH configuration enabling at least Msg1/MsgA transmissions during SBFD symbols. 
Besides Msg1 and MsgA, other initial access transmissions (e.g. Msg2/3/4, MsgB, etc.) should also be possible in SBFD symbols. While initial access DL transmissions in SBFD symbols are in principle possible based on legacy UE behavior, some enhancements may be required to enable other initial access UL transmissions, as well to optimize the resource efficiency of initial access DL transmissions in SBFD symbols. For example, some of the resource allocation enhancements discussed for RRC connected mode in Section 2.3.4 may also be applicable during initial access procedure. 
Study requirements for supporting initial access transmissions other than Msg1/MsgA in SBFD symbols. 
Impact and potential enhancements for transmissions and receptions
We think that support of SBFD introduces two main challenges from frequency domain resource allocation perspective:
During SBFD slots/symbols and in case the UL subband is located at the middle part of the carrier, there may be inefficiencies in the currently supported FDRA to support allocation of frequency resources in two non-adjacent DL subbands. This may require enhancements. 
The frequency domain resources for DL/UL transmission in SBFD slots/symbols may be different as compared to non-SBFD symbols. For transmission whose FDRA is applicable in more than one slot (e.g. semi-statically configured resource allocations, multi-slot transmissions potentially including repetitions and/or frequency hopping, etc.), enhancements may be required to ensure that the allocated frequency resources do not overlap with a subband which is configured for the opposite link direction during SBFD slots/symbols. 
Enhancements addressing each of the above-described problems are discussed in sections 2.3.3.1 and 2.3.3.2, respectively.  
[bookmark: _Ref118205572]Frequency domain resource allocation



PDSCH
NR supports two types of Frequency Domain Resource Allocation (FDRA): 
· Type 0 FDRA assumes RBG (Resource Block Group) based resource allocation. The BWP is divided into RBGs and the UE can be allocated one or multiple (contiguous or non-contiguous) RBGs. The first and the last RBG in a BWP may be with size less than the nominal RBG size P, while other RBG in the BWP will be with size P. The nominal RBG size P can be up to 16 PRBs, depending on the BWP size. The RBG size P is given by Table 5.1.2.2.1-1 in TS 38.214, copied below: 
Nominal RBG size P
	Bandwidth Part Size
	Configuration 1
	Configuration 2

	1 – 36
	2
	4

	37 – 72
	4
	8

	73 – 144
	8
	16

	145 – 275
	16
	16



· Type 1 FDRA, the UE is allocated over a set of contiguous non-interleaved or interleaved virtual RBs within the UE BWP. A type 1 RA field consists of a RIV (Resource Indication Value) indicating the starting virtual RB (RBstart) and the number of contiguous RBs allocated to UE (LRBs).
PDSCH type 0 RA enhancements: 
In RAN1 #112bis-e, the following was agreed on the FDRA: 
	Agreement
For SBFD-aware UEs, Option 1 with update is agreed for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands for better resource utilization. 
For an RBG that overlaps the subband boundary,
· Option 1 (with update): 
· The Part of the DL RBG inside the DL subband can be used
· The Part of the UL RBG inside the UL subband can be used




For the part outside the respective DL or UL subband, in our view the conclusion depends on what is the agreed behavior for dynamic SBFD. For example, if it is agreed that the dynamic behavior is specified by allowing DL receptions outside of the DL subband, then it would make sense to study whether part of the DL RBG outside the DL subband can be used (at least in Dynamic SBFD). This could for example be achieved by the gNB by scheduling a RBG completely outside the DL subband. However, our preference is that the symbol is converted to a DL-only symbol, and in this case, the symbol wouldn’t be characterized by DL and UL subbands. Therefore, we propose: 
For SBFD-aware UEs, for an RBG that overlaps the subband boundary: 
•	The UE assumes that the part of the UL RBG outside the UL subband cannot be used for transmissions 
PDSCH type 1 RA enhancements: 
Clearly, FDRA Type 1 cannot be used for frequency resource allocation in two non-contiguous DL subbands. Therefore, it also suffers from resource fragmentation in a DUD configuration. Study of RA type 1 enhancements were not agreed in the last meetings, though different enhancements were discussed among companies[3]:
1) Non-continuous PRB to CRB mapping 
2) Enhanced rate matching: Rate matching around UL subband or puncturing the PRB/symbols within the UL subband: in this option, for non-interleaved RA, when there is an overlap of the allocated PDSCH with the active UL subband, the UE would perform rate match around an active UL subband.
3) Mirror image FDRA, where the DL grant indicates a 1st set of RBs and a 2nd set of RBs is determined by reflecting the 1st set of RBs across the middle of the BWP. 

In our view, it should be possible to allocate resources in both DL sub bands in a DUD configuration, with only 1 RIV and this can in principle be achieved by all options above. 
Another option to support non-contiguous allocation in SBFD symbols is to change the starting point of the FDRA in SBFD symbols/slots. Currently, the starting is the first RB within the BWP. If the first RB in the upper DL subband is used as starting point at the UE, as in the figure below, and the PRB index is wrap around until an end PRB (for example, the last RB in the DL BWP), existing RIV can be used to signal non-contiguous allocation to SBFD aware UEs. This reference can also be used for Type 0 FDRA in SBFD slots/symbols to limit the number of RBGs overlapping with DL subband boundary. 
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Figure 9 – New FDRA starting point 
Consider changing the reference point of the FDRA to e.g. the first RB in the upper DL subband and wrap around the PRB index until an end-PRB.

CSI-RS and CSI reporting

CSI-RS has similar frequency resource fragmentation problem as described for PDSCH in the previous section, especially in a DUD configuration. There are two alternatives being discussed for the CSI-RS resource allocation: contiguous or non-contiguous. Enhancements are needed to support non-contiguous allocation. Contiguous allocation is already supported in the specification, but in case of a DUD SBFD configuration would require that two different resources are configured, one in each sub-band.
In the RAN1 #112, two options have been agreed, and in in RAN1 #112bis the discussion continued with further agreements and conclusions: 
	RAN1 #112
Agreement:
Study the frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs considering the following options:
· Option 1: Two contiguous CSI-RS resources that are linked
· Option 2: One CSI-RS resource
· Option 2-1: Non-contiguous CSI-RS resource allocation
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) 

RAN1 #112bis-e
Conclusion
For the options agreed to study in RAN1#112 for frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, the following observations are agreed.
· For all the options, there is no impact on CSI-RS sequence generation.
· Option 1 requires additional signalling to link two CSI-RS resources in two DL subbands. 
· Option 2-1 requires new RRC structure to configure non-contiguous RBs for one CSI-RS resource, which may require additional signalling overhead. 
· Option 2-2 can reuse the existing signalling design for CSI-RS resource configuration. Option 2-2 can be used to resolve the potential unaligned boundaries between CSI-RS resource configuration and SBFD subbands
· Further discussion is required on the UE complexity due to:
· UE capability of maximum number of configured CSI-RS resources
· Processing non-contiguous CSI-RS

Agreement
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity is such that CSI-RS instances occur in both SBFD and non-SBFD symbols:
· Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
· Option 1-1: One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only;
· Option 1-2: Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
· Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
· Option 2-1: One CSI-ReportConfig is associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively. Separate CSI measurements are derived based on the first and second CSI-RSs respectively.
· Option 2-2: One CSI-ReportConfig is associated with one CSI-RS. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances.
· FFS impact on UE CSI processing and reporting timeline
Note: Whether the CSI-RS resource can be used for SBFD and non-SBFD symbols may depend on, e.g., gNB implementation of same/different antenna configuration in both symbols. 
Option 1-1 can be supported according to existing specification by gNB configuration of appropriate periodicities to ensure that the CSI-RS associated with each CSI-ReportConfig is confined to either SBFD symbols or non-SBFD symbols only. But it may restrict the gNB configuration flexibility and enhancements can be considered by additional indication or rules to determine the CSI-RS is valid within one symbol type and is invalid in the other symbol type.
Option 2-2 can be supported according to existing specification to configure measurement restriction so that UE would not average CSI measurements across SBFD and non-SBFD symbols.

Agreement
· For semi-static SBFD, for a CSI-RS resource which overlaps with SBFD subband boundaries, only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE.
· For semi-static SBFD, for a CSI reporting subband which overlaps with SBFD subband boundaries, CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s).




When analyzing the different options agreed in RAN1 #112, it is important to consider different aspects such as whether the existing specification supports the concept and the signaling overhead. This has been captured in the conclusions agreed in the last meeting.

Our view is that configuring a contiguous CSI-RS resource over the entire bandwidth is possible. Rate matching around UL subband and guardband can be assumed, as also proposed for Type 1 FDRA. Essentially, CSI-RS resources are configured over the entire bandwidth, but the UE can assume CSI-RS is not transmitted on REs that are overlapping with UL subband and guardband in a SBFD slots/symbols, and report the CSI-RS based on the REs in the DL subband. In our view, this understanding is captured in Option 2-2. 
For CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subband, CSI-RS resources are configured over the entire bandwidth, with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s).
Additionally, in the last RAN1 meeting different options were discussed regarding the CSI report. These options depend on the agreement on how the CSI-RS resources are configured. In our view, if it is agreed that the CSI-RS resources can be configured across non-contiguous DL subbands, and derived by excluding frequency resources outside DL subbands, it should be possible to agree that the periodic/ semi-persistent CSI-RS can be configured in such way that CSI-RS instances can occur in both SBFD and non-SBFD symbols.
However, we note that the interference conditions are different in both types of symbols, since SBFD symbols are subject to UE-to-UE CLI. Therefore, in our view, the UE should not average CSI measurements across SBFD and non-SBFD symbols. Our preferred option is that the UE is configured with two CSI-ReportConfig, both associated with the same CSI-RS, but one report is derived based on CSI-RS instances in SBFD symbols, and the other based on CSI-RS instances in DL symbols. This Option is covered by Option 1-2.
For CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity is such that CSI-RS instances occur in both SBFD and non-SBFD symbols, two CSI-ReportConfig are configured. Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
Additionally, as the interference for PDSCH may include UE-to- UE CLI from aggressor UE, it will be interesting how to include this UE-to- UE CLI from exact aggressor UE in the interference measurement for CSI process in SBFD cases.
[bookmark: _Ref118205577]Transmissions across SBFD and non-SBFD symbols 
In this section we discuss, among others, whether a slot can consist of both SBFD and non-SBFD symbols, whether the transmissions and receptions can be configured across symbols/ slots of different types, and how to configure these resources.
Whether a slot can consist of both SBFD and non-SBFD symbols
In RAN1#112, it was agreed to study whether a slot can consist of both SBFD and non-SBFD symbols. In RAN1 #112bis-e, the following has been concluded:
	Conclusion
The following RAN1 observation is made:
One motivation for allowing that a slot can consist of both SBFD and non-SBFD symbols is for compatibility with symbol-level TDD UL/DL configuration.
Frequent switching between SBFD and non-SBFD symbols may increase the implementation complexity and interruptions of transmissions/receptions during transition. 
· Further study whether limitation(s) on the maximum number of switching points between SBFD and non-SBFD symbols within a slot, a TDD UL/DL pattern period, and/or semi-static SBFD configuration period (if different from TDD UL/DL pattern period) are needed
· Further study scenarios a guard period between SBFD and non-SBFD symbols is required/not required and the length of the guard period if required
Note: Whether or not a physical channel/signal occasion is mapped to both SBFD and non-SBFD symbols within a slot is a separate discussion.



Today, NR TDD allows for three types of slots: DL, UL and special slots. Special slots can consist of DL symbols, UL symbols and guard symbols, which are used to allow for the Rx-Tx switching at the UE. 
NR specification allows for symbols of different types in special slots. A transition from DL to UL requires a slot to consist of different symbol types, at least in the special slots, if the configuration is kept compatible with legacy TDD DL/UL configuration.
In order to be compatible with a symbol-level TDD DL/UL configuration, there should be a possibility of allowing the same mechanism to be available for the transition from SBFD to UL-only slots. In this case, in special slots, there could be some symbols that are SBFD and others that are UL-only. This backward compatibility is important given that DL/UL transmissions in legacy subbands only (i.e., the subbands that use legacy TDD pattern) should follow legacy behaviour. Another benefit of allowing symbols of different types in the same slot, is the support of DL only symbols, for example, for sending SSBs and CSI-RS. As mentioned earlier, our preference is that SBFD is configured only in a subset of the DL symbols in a slot, not all of them. In that case, it is important to support CSI-RS transmission over the entire channel bandwidth in DL-only symbols, even if the slot also contains SBFD slots later. In a mixed DL slot, the first part of the slot could accommodate PDCCH, for example. Allowing for more scheduling flexibility in the SBFD portion of the slot.
A slot can consist of both SBFD and non-SBFD symbols.
Regarding the aspects listed for further study in the previous RAN1 meeting, first we discuss whether a guard period between SBFD and non-SBFD symbols is required. In TDD, a transition from DL to UL needs a guard time to account for propagation delay and avoid interference within a cell and ensure coexistence a mong cells. Therefore, this guard time is needed at least for the transition from DL to UL in legacy subbands (i.e., the subbands that use legacy TDD pattern). Similar guard time may be needed for transition from full DL symbol to SBFD symbol in SBFD subband (i.e., the subband that is used for introducing UL subband in DL symbols for SBFD operation). A guard time for transition from SBFD symbol to UL symbol may or may not be needed in SBFD subband. Indeed, if the UE is scheduled to receive DL transmission in SBFD symbols and transmit UL transmission in the subsequent non-SBFD symbols then the guard time is needed. In contrast, if only UL transmissions are scheduled in SBFD and non-SBFD symbols then the guard time may not be needed.
A guard period between non-SBFD and SBFD symbols may be needed for switching from DL to UL transmissions, when the transmissions belong to different symbol types.
In NR, the slot configuration is given by a pattern of S slots arranged in a sequence of DL slots and DL symbols followed by UL slots and UL symbols. The configuration is given in periods of 0.625 ms to 10 ms, depending on the SCS. Optionally, the UE can be configured with a second pattern. The point is that within the configuration period, the number of transitions between DL and UL slots are limited. As explained above, the transition between SBFD and non-SBFD symbols may require a guard period, therefore, in order to avoid using too many resources as guard-periods, it may be beneficial to limit the number of transitions between one symbol type and the other within a slot. It seems to be a natural consequence considering maximum one transition per slot, in view of having one transition from non-SBFD to SBFD in the first SBFD/mixed slot and one transition from SBFD to non-SBFD in the last SBFD/mixed slot. 

Whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE
In RAN1#112bis, it has been agreed to study whether the transmission / reception occasion of a physical channel can be mapped to SBFD and non-SBFD symbols within a slot for a UE:
	Agreement
[bookmark: _Hlk134446963]Study whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE, and whether a UE can transmit/receive in the occasion mapped to SBFD symbols and non-SBFD symbols including:
· Use-case(s) including the locations and number of switching points of the SBFD and non-SBFD symbols in the slot.
· Potential benefits if any
· Phase continuity
· Potential interruption of transmissions/receptions during transition
· Required guard time if any
· Potential impact on performance
· Impact on link adaptation, channel estimation, and other procedures
· UL transmission timing if any
· Implementation complexity
· Applicability for SBFD aware UE and non-SBFD aware UEs
· NOTE: There are more than one scenario where a transmission overlaps SBFD and non-SBFD symbols and some may or may not face the aspects listed above
· NOTE: This study doesn’t mean RAN1 agreement on a slot consisting of SBFD and non-SBFD symbols. 



Use cases:
The first part of the study is to identify use cases in which a transmission can be mapped across SBFD and non-SBFD symbols within a slot. We refer to the mapping as cross-symbol-types mapping and refer to the slot as mixed slot hereinafter. One obvious use case is to allow a full-slot scheduling for UL transmission in the mixed slot. Given that all symbols in the mixed slot in the UL subband are UL symbols, full-slot scheduling should be allowed, following legacy behaviours, without scheduling restriction. Similarly, this should also allow full-slot scheduling for DL transmission in DL subbands in the mixed slot. 
The obvious use cases for allowing a transmission to be mapped across SBFD and non-SBFD symbols in a slot are to allow full-slot scheduling of UL or DL transmission in the slot, without scheduling restriction.
Potential benefits:
The benefit for allowing a transmission/ reception occasion to be mapped across SBFD and non-SBFD symbols within a slot is that it avoids either scheduling restriction at the scheduler or specific handling rules at the UE. On the other hand, a common scenario would be that the mixed slot is (legacy) special slot, within which the number of SBFD symbols will be higher than number of non-SBFD symbols. Therefore, if cross-symbol-types mapping is not allowed, the scheduler would mostly schedule transmission only on SBFD symbols in the slot. However, performance of a transmission on SBFD symbols only may be worse than performance of a transmission with cross-symbol-types mapping. Indeed, given that interference is lower in non-SBFD symbol compared to its counterpart, interleaved encoded bits are spread across symbol types and may result in better performance. Another benefit could be that, in case of UCI multiplexing on PUSCH, the UCI may be multiplexed on the non-SBFD symbols with lower interference. However, it’s worth noting that this is not the only way of protecting UCI from CLI, e.g., an approach of avoiding mapping control bits in the PRBs that that close to DL subbands may help isolating at least inter-subband CLI as well, although it’s less ideal.   
Several benefits of allowing a transmission to be mapped across SBFD and non-SBFD symbols in a slot could be observed, namely avoiding either scheduling restriction at the scheduler or specific handling rules at the UEs or offering better performance for data (or control bits, if any) thanks to interleaving the encoded bits across symbol types given that lower interference is expected in non-SBFD symbols.

Potential interruption/required guard time
From discussions in RAN1#112 and RAN112bis-e, our understanding on the potential interruption or required guard time is due to concerns on implementation, namely a transition time for potentially switching panels, tuning filter and adjusting timing and/or sampling rate when moving from one symbol type to another. In our view, these are potential implementation issues, which may or may not exist depending on UE implementation/capability. However, if a long guard time is introduced in the end, then allowing cross-symbol-types mapping may not be very beneficial anymore. Indeed, considering again the mixed slot as legacy special slot with 10D:2G:2U symbol split. If the 2 gap symbols are used for guard time then the benefit is clearly worse compared to the case when guard time is not introduced. This not only because less symbols are used for data transmission, but also because the number of low CLI symbols is reduced from 4 to 2 in this example.
 If a long guard time is introduced to account for implementation limitation, the benefit of allowing a transmission to be mapped across SBFD and non-SBFD symbols in a slot would be less significant. 
Issues with not allowing a transmission to be mapped across SBFD and non-SBFD symbols in a slot:
If a transmission is not allowed to be mapped across SBFD and non-SBFD symbols in a slot, then UE behaviour for TDRA determination for the transmission/repetition that spans across SBFD and non-SBFD symbols within a slot should be defined. This is relevant for the case of semi-static scheduling or, even more relevant, for the case of PUSCH/PDSCH transmission with repetitions given that the repetitions follows the same time domain resource allocation as allocated for the first repetition. For example, let’s take the case of Rel-17 PUSCH repetitions, in which all repetitions follow the allocation of the 1st one (allocated with full 14 symbols in the slot), and thus only slots with 14 UL symbols are counted as available as illustrated in  Figure 10 below. Assuming that repetitions can be mapped in slots of different types, there could still be the case in which one of these repetitions fall within a mixed slot, which consists of SBFD and non-SBFD symbols as the 5th repetition in the figure below:
[image: ]
[bookmark: _Ref134798443]Figure 10 - Example of PUSCH repetition with L = 14
In this case, several options should be considered (for the 5th repetition) to define UE behaviour if a transmission is not allowed to span across symbol types, namely, whether the mixed slot is not considered as available for the repetition, therefore it is not counted for the repetition or whether the UE considers only part of the resources as available for the repetition (for example the UL part of the slot, or the SBFD part of the slot), or the UE considers only the longest part of the slot for that repetition (either the UL part or the SBFD part, depending on the number of symbols in each).
If a transmission is not allowed to be mapped across SBFD and non-SBFD symbols in a slot, RAN1 should further discuss UE behavior for TDRA determination for the transmission occasion that spans across symbol types in the slot, especially for semi-static PUSCH/PDSCH and PUSCH/PDSCH with repetitions.
UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots

 In RAN1#112 and RAN1 #112bis-e the following has been agreed:
	RAN1 #112
Agreement
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols)
· Study the following options for SBFD-aware UEs:
· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols include the following:
· PDSCH/PUSCH/PUCCH repetitions
· SPS PDSCH/CG PUSCH
· TBoMS
· Multi-PUSCH/PDSCH scheduled by a single DCI
· Periodic/semi-persistent SRS/CSI-RS/PUCCH
· PDCCH


RAN1 #112bis-e

Agreement
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), if the transmissions/receptions can be in SBFD symbols and non-SBFD symbols with different available resources, study at least the following frequency resource allocation options for PDSCH, CSI-RS, PUSCH, PUCCH, SRS for SBFD-aware UE:
· Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 
· Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots
· Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 
· Option 1-3: single FDRA configuration/indication and RB offset(s)
· Option 2: Perform rate matching or puncturing on the RBs outside DL/UL subbands for DL/UL channels/signals. 
· Option 3: A DL/UL channel/signal overlapping with RBs outside DL/UL subbands in a SBFD slot is dropped or postponed.
Note: Different options can be studied for different signals/channels.

Conclusion
For the two options agreed in RAN1#112 for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), the following observations are agreed.
· Option 1 can be achieved by gNB configuration or scheduling to ensure that all transmission/reception occasions are confined to either SBFD symbols or non-SBFD symbols. Alternatively, Option 1 can be achieved by additional indication or rules to determine the transmission/reception occasions are valid within one symbol type and are invalid within the other symbol type.
· The frequency resources, power control and beam/spatial relation for all the transmission/reception occasions can be the same for Option 1 but may be different for Option 2. If different, it may require additional specification efforts.
· Option 1 may or may not increase the transmission/reception latency if the transmission/reception in the other symbol type is postponed and may degrade the performance if the transmission/reception in the other symbol type is dropped. Option 2 may or may not reduce the transmission/reception latency and improve coverage.

· 



We first address the agreement from RAN1#112 related to whether UL transmissions or DL receptions are restricted to SBFD symbols or non-SBFD symbols only. In our view, there are advantages of not restricting transmissions/receptions to slots of the same type. SBFD symbols are subject to different interference conditions than non-SBFD symbols, and non-SBFD symbols are already used by legacy UEs. By allowing UL transmissions / DL receptions in slot of different types, the gNB has more flexibility to balance scheduling considering the interference conditions and the rate of resources used by legacy / SBFD UEs. 
Therefore, we propose:
For SBFD aware UEs, for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots, the transmissions/receptions can be in SBFD symbols and non-SBFD symbols
Regarding the options agreed to be studied in the last meeting, in general, Option 1 (and the sub-options) provide more scheduling flexibility for the gNB to allocate the resources across symbols of different types. This may come at the cost of increased complexity and signaling overhead, but depending on signal/channel and how the configuration is done, this overhead is not critical. Option 2, in which rate matching or puncturing on the RBs outside the DL/UL subband is applied, in our view, reduces the scheduling flexibility at the gNB, since in SBFD symbols the availability of the resources will differ from non-SBFD symbols, and the symbols will suffer from different SINR conditions. While this approach is suitable for some signals, for example CSI-RS, it might not be suitable for other channels such as DL SPS. Finally, in option 3 there will be an unnecessary performance impact, since the transmissions/receptions will be dropped or postponed. In our view, option 3 is not preferred in any scenario.
In the next sections we discuss the alternatives for different signals/channels.
CG-PUSCH and DL SPS
A configured grant (CG)-PUSCH configuration can grant the UE with periodic resources for UL PUSCH transmissions. Two types of CG-PUSCH configurations are specified in NR: Type-1 CG and Type-2 CG. For both Type-1 and Type-2 CG, the CG-PUSCH allocation periodicity is configured via RRC. The resource allocation parameters (MCS, FD resource allocation, TD resource allocation) are provided via an ‘activation DCI’ for Type-2 CG, and via RRC signaling for Type-1 CG. In case of Type-2 CG, the resource allocation parameters apply for each of the subsequent periodic UL PUSCH transmissions following the ‘activation DCI’. The radio parameters can be adjusted by the gNB at any time by re-issuing a new DCI (a.k.a. ‘reactivation DCI’).
With SBFD, there is the problem of i) different resource availability in UL-only slots vs. SBFD slots with, as well as ii) potentially different SINR conditions in UL-only vs. SBFD due to the presence of new SBFD interference types, e.g. self-interference and inter-subband interference. To address this problem, one option is to introduce SBFD-specific CG-PUSCH configurations where, for each CG occasion, one or another set of radio parameters (FD resource allocation, TD resource allocation, MCS, etc.) is used depending on the corresponding slot format (e.g. UL-only or SBFD). This can be achieved by having e.g. two or more independently configured CG configurations (ConfiguredGrantConfig), where each of them is associated to one slot type.
Considering the different options agreed to be discussed in RAN1 #112bis-e,  this is covered by Option 1-1 in the agreement in RAN1#112bis-e.
A similar approach may also be applied for DL SPS PDSCH.
For CG-PUSCH and DL SPS, introduce SBFD-specific configurations where one set of radio parameters is used depending on the corresponding slot format. 
SRS/PUCCH/PUSCH in SBFD and non-SBFD symbols in different slots
For SRS/PUCCH/ PUSCH we also believe that Option 1 is more suitable. Option 1 increases the flexibility of the configuration, but can result in a more complex design and overhead (especially in Option 1-1, and to a lesser extent in Option 1-3). In Option 2, only one configuration is provided, and it is avoided to increase the DCI overhead, but the scheduling flexibility is reduced. Option 3 is not preferred, because it will result in performance degradation. 
We would be OK with either Option 1-1, in which separate FDRA configurations/ indications are given, or with option 1-3, in which a single FDRA configuration/indication and RB offsets are provided. This offset can be either configured by the network, or can be inferred by the UE based on, for example, the ratio between the bandwidth of the UL or DL subbands, and the bandwidth of the entire UL BWP. Option 1-3 increases the signaling overhead, but less than the first option, but without compromising the scheduling flexibility.
For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, introduce separate configurations (as in Option 1-1), or related configurations(as in Option 1-3). 

PDSCH/PUSCH when the transmissions last more than one slot
While considering transmissions lasting for more than one slot, e.g. repetition or slot aggregation, the same transmission may be scheduled or granted to be transmitted on both SBFD slot and non-SBFD slot. How the PDSCH/PUSCH is mapped on different type of slots based on the same DCI or grant, should be studied. There are several scenarios such that a transmission may span across the two slot types, especially for UL transmission enhancement. Indeed, any transmission in SBFD slots may suffer from performance degradation due to CLI, which impacts strongly its coverage in these slots. 
This issue is more relevant for UL than DL given the limited transmit power at UE side. Existing techniques for UL coverage enhancements can be applied for improving coverage of the transmissions in SBFD slot, namely PUSCH/PUCCH repetitions, TB processing over multiple slots (TBoMS) etc. This may lead to the case when some PUSCH/PUCCH repetitions are on SBFD slots and some other PUSCH/PUCCH repetitions are on non-SBFD slots, or a single TBoMS can span across SBFD and non-SBFD slots. Given that the potential performance degradation may happen only on SBFD slot and that non-SBFD slots offer wider bandwidth which can be leveraged to improve throughput, RAN1 can further study techniques to adapt the repetitions/TBoMS feature to better exploit/balance the different characteristic of SBFD and non-SBFD slots. One straightforward approach is to consider different number of RBs for the repetitions (or the slots of a TBoMS) in SBFD slots compared to the repetitions (or the slots of the TBoMS) in non-SBFD slots. Another straightforward approach would be to combine both repetitions and TBoMS, for example applying TBoMS for the repetitions of a PUSCH in SBFD slots, while the usual single-slot repetition is used for the repetitions of the PUSCH in non-SBFD slots. Other approaches, e.g., using different density of DMRS symbols or different waveforms for the transmissions on different slot types, should also be considered to complete the study. 
It's worth also mentioning that, using different number of RBs for UL transmissions in SBFD slots (e.g., a smaller number of RBs) compared to that in non-SBFD slots has benefit in increasing energy per resource element (EPRE) to cope with CLI, however this benefit is only materialized when UE keeps the same transmit power for the transmissions in SBFD and non-SBFD slots. In other words, with a same transmit power, the transmission in SBFD slots with smaller number of RBs will have higher EPRE and cope better with CLI. However, in case the CLI is not critical (and it’s up to gNB measurement), different transmit powers could also be applied for the transmissions in SBFD and non-SBFD slots for power saving. 
For Scheduled/configured TBoMS across SBFD symbols and non-SBFD symbols, with or without repetition: 
· consider different number of RBs for the repetitions (or the slots of a TBoMS) in SBFD slots compared to the repetitions (or the slots of the TBoMS) in non-SBFD slots 
· combine both repetitions and TBoMS, for example applying TBoMS for the repetitions of a PUSCH in SBFD slots, while the usual single-slot repetition is used for the repetitions of the PUSCH in non-SBFD slots
· Use of different density of DMRS symbols in SBFD and non-SBFD symbols
· Use of different waveforms for the transmissions on different slots
PDCCH
The control resource set (CORESET) and the Search Space (SS) configurations identify a set of physical frequency and time resources and a set of parameters that is used to carry PDCCH/DCI. The NR CORESET region can be localized to a specific region in frequency domain, which is not necessarily spread across the whole channel bandwidth, though it must be confined within the UE BWP. The CORESET configuration is quite flexible and uses a bitmap of 6 RBs per bit to indicate which PRBs are part of the CORESET. 
[bookmark: _Hlk94874485]With SBFD operation at the gNB, the portion of the cell bandwidth that is available for DL transmissions may dynamically change from slot/symbol to slot/symbol. While PDSCH transmissions can typically be contained in the corresponding DL subband by scheduling the UE in the corresponding frequency resources, adapting semi-statically allocated resources such as PDCCH/CORESET configuration may be more challenging. If, at any time during a SBFD symbol, the PDCCH CORESET overlaps with the UL subband, then it may occur that some PDCCH candidates are partially or fully on the UL subband, and they may therefore not be used. This has obviously negative impacts on the UE power consumption and on the effective use of PDCCH resources, which may indirectly result in a capacity loss.  
To avoid this, some options exist with current specifications. 
· PDCCH is only transmitted in DL-only symbols. This implicitly limits the availability of SBFD symbols, thus impacting the expected UL gain. 
· Configuration of multiple non-overlapping SSs with different PDCCH CORESET configurations (each one associated to a different slot type). This approach has the clear disadvantage of not supporting dynamic subband location in time domain.
· To overcome this limitation, the network could configure multiple overlapping SSs with different CORESET configurations. As multiple CORESET configurations are available in one slot/symbol, the gNB can decide on which one to use depending on whether the slot/symbol is DL or SBFD. The downside of this approach is that the UE PDCCH blind decode budget may be hit as the UE has to run through two (or more) CORESET hypotheses when doing the blind search. If the UE blind decode budget is exceeded, this may imply that the gNB cannot use some of the CORESET configurations in the corresponding slot (SS with lower configuration index have higher priority), which brings us back to the original problem. 
· Always confine the CORESET in the DL subband. This approach has the disadvantage of unnecessarily limiting the PDCCH capacity (due to limited PDCCH bandwidth) in DL-only slots/symbols.
· SSGS functionality specified in R16 for NR-U (and R17 UE power savings) could be reused. However, a field in DCI needs to be reserved to indicate on which resources the UE shall perform PDCCH monitoring. Also, there is a delay associated with the signaling. Therefore, SSGS functionality seems not optimized for very frequent SS group switching that may be needed with SBFD.   
Options available with current standard specifications to provide different CORESET configurations in different slots/symbols all present limitations in terms of either limited flexibility or excessive signaling overhead. 
In RAN1 #112bis-e meeting, there was agreement on options to be considered to provide efficient definition of CORESET/SS and PDCCH monitoring.
	Agreement
For the case that: 
1. The monitoring periodicity of a search space is such that different monitoring occasions in different slots occur in SBFD and non-SBFD symbols, respectively, and,
1. The associated CORESET overlaps the boundary of a DL subband in SBFD symbols
Consider whether/how the above could be supported considering both existing tools in specifications on CORESET and search space configuration as well as at least the following options for potential enhancement for SBFD-aware UE:
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
· Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
Note: Whether these enhancements are applicable to only USS or also CSS




Considering there may be different available resource for PDCCH in SBFD symbol and non-SBFD symbol, we propose that RAN1 studies solutions enabling dynamic adaptation of PDCCH resources based on the occurrence of SBFD symbols and the corresponding DL-UL frequency domain partitioning. Thus it can be assumed that the UE knows different available resource for PDCCH in different slot type. For example, the UE could be provided with multiple PDCCH CORESET configurations per Search Space (SS), e.g. one CORESET configuration associated with DL-only slots/symbols, and one CORESET configuration associated with SBFD slots/symbols, in our view this is covered by Option 1 in the agreement from RAN1 #112bis-e meeting. The UE determines the CORESET to be used based on the slot/symbol type (signaled by the gNB), where the CORESET for SBFD symbol can be fully on DL subband. Alternatively, the UE may determine the CORESET to be used based on whether the CORESET time/frequency resources overlap or not with UL subband resources, where the issue of this way may be too much limitation on CORESET utilization as only partial resource in one CORESET may be not in the DL subband. Another option is to use different assumptions for PDCCH mapping in SBFD and non-SBFD slots, e.g. PDCCH candidate only map to available CCE/REG resources for PDCCH in the slot. 
By any way above, the PDCCH should not be mapped to REG/CCE that is not in DL subband in SBFD symbol. Therefore, we do not support Options 2 and 4. Rate matching in PDCCH around REG/CCE that is not in DL subband will degrade PDCCH performance. Actually, the PDCCH candidate that may cause PDCCH overlap with REG/CCE not in DL subband should not be detected by UE and even should not be counted in blind detection, so that the performance of PDCCH detection is not degraded in SBFD cases.
PDCCH mapping on REG/CCE outside of DL subband will degrade PDCCH performance, even with rate matching.
Study solutions enabling dynamic adaptation of PDCCH resources based on the occurrence of SBFD symbols and the corresponding DL-UL frequency domain partitioning.
RAN1 should consider different definition for CORESET/search space and mapping between them in SBFD and non-SBFD symbol/slots.
RAN1 should consider PDCCH mapping/detection method, how to guarantee PDCCH only map on DL resource and UE only detect the PDCCH candidate on DL resource, so that there is no impact on PDCCH detection performance.
gNB self-interference and Tx/Rx timing alignment aspects
[bookmark: n_TimingAdvanceOffset]In NR, the UE determines the Timing advance (TA) as the sum of a cell specific TA offset and a UE specific TA command (absolute or relative). The cell specific TA offset can be configured by the network in SIB1 (n-TimingAdvanceOffset). If n-TimingAdvanceOffset is not provided by the serving cell, the UE assumes TA offset in Table 7.1.2-2 in 38.133. In case of TDD in FR1 with no LTE-NR coexistence, the value of the cell specific TA offset is 25600*Tc = 13.03 us.
While the UE specific TA is typically used to compensate for the propagation delay so that reception of UL signals from different UEs is synchronized at the gNB receiver, the cell specific TA offset is introduced to shift the relative timing between UL and DL so that the overall guard time that is necessary to allow a half-duplex UE to switch from downlink reception to uplink transmission and vice versa can be minimized. 
In previous meetings, several companies raised the issue of FFT time misalignment between UL Rx and DL Tx when the gNB is simultaneously receiving in UL and transmitting in DL during SBFD slots and NTA, offset > 0. Not having the same symbol timing in DL and UL can effectively increase the self-interference at the gNB. Based on those discussions, the following conclusion was reached:
	Conclusion
Time misalignment at gNB between UL receptions and DL transmissions due to configuration of non-zero NTA,offset at UE can lead to increased interference assuming no gNB transmit chain side impairments and no filtering of DL subband(s) in the gNB Rx chain.
· FFS the case with gNB transmit chain impairments and/or filtering of DL subband(s) in the gNB Rx chain
· FFS whether/how to mitigate the interference increase, including impact to legacy UEs




Self-interference at the gNB is one of the main challenges behind practical deployment of SBFD. Even when gNB transmit chain impairments and/or filtering of DL subband(s) in the gNB Rx chain are considered, FFT time misalignment between UL receptions and DL transmissions at the gNB can increase the self-interference by several dBs, as compared to the case with time alignment. Therefore, we think that solutions to achieve time alignment between UL and DL signals at the gNB should be studied. In previous RAN1 meetings some companies suggested using NTA, offset = 0. This has two main limitations:
· Though in principle NTA, offset can be configured by the network to any value among 0, 25600*Tc and 39936*Tc by parameter n-TimingAdvanceOffset, in practice, legacy UEs always assume the value specified in Table 7.1.2-2 in 38.133 (for the corresponding frequency range and co-existence scenario) independently of what the network indicates in system information
· The guard time between the end of a DL transmission in a DL slot and the start of an UL reception in a subsequent SBFD slot (on the same frequency resources) is increased (as compared to legacy TDD with NTA, offset > 0)
Use of NTA, offset = 0 is only possible in SBFD slots and it increases the required guard time between the end of a DL transmission in a DL slot and the start of an UL reception in a SBFD slot. 
To solve the backward compatibility issue with legacy UEs, some companies have proposed to configure and operate with two different values of NTA, offset in SBFD slots and TDD UL slots. However, changing the TA offset from 0 in SBFD slots to e.g. 13us in TDD UL slots may cause an overlap between two consecutive UL transmissions by the same UE in the transition from an SBFD slot to a TDD UL slot. This may result in one additional symbol lost in the transition between a SBFD and a TDD UL slot. Overall, the overhead required for switching between DL and UL (an vice versa) increases with SBFD operation as compared to TDD. Therefore, how to reduce such overhead such as enabling partial OFDM symbol transmission in the guard periods between SBFD and DL-/UL-only slots should be studied.  
Use of NTA, offset = 0 in SBFD slots and NTA, offset > 0 in TDD UL slots further increases the required overhead needed to switch between legacy TDD DL/UL slots and SBFD slots.
Consider using NTA, offset = 0 in SBFD slots and NTA, offset > 0 in TDD UL to solve the FFT misalignment problem between UL Rx and DL Tx in SBFD slots. 
If it is agreed to use NTA, offset = 0 in SBFD slots and NTA, offset > 0 in TDD UL, study how to reduce the increased overhead when switching between TDD DL/UL slots and SBFD slots. 
CLI mitigation enhancements
UE-2-UE CLI 
Schemes for UE-to-UE CLI mitigation have been specified during Rel-16 WI on Cross link Interference (CLI) handling and Remote Interference Management (RIM) for NR. Enhancements to the Rel-16 UE-to-UE CLI framework are being discussed under A.I. 9.3.3 with focus on dynamic TDD, i.e. A.I. 9.3.3 is already discussing enhancements for improved handling of inter-cell UE-to-UE CLI. Though those enhancements may also be applicable to SBFD, we propose to focus in here on enhancements for improved handling of intra-cell inter-subband UE-to-UE CLI. 
Advanced UE RF requirements
One obvious way to mitigate intra-cell inter-subband UE-to-UE CLI is to tighten the UE in-band emission requirements. Note that typically the UE TX is optimized for efficiency, so Power Amplifier (PA) nonlinearity is a dominant source of spectral regrowth. It may be feasible to reduce emissions bringing the PA into more linear operation at the expense of higher power consumption. The UE capability to adapt its UL/DL digital filter’s bandwidth to match the UL/DL subband in SBFD symbols may also help reducing emissions. In any case, the feasibility of defining stricter (in-band) emission requirements for SBFD operation is not for RAN1 to discuss.
One obvious way to mitigate intra-cell inter-subband UE-to-UE CLI is to tighten the UE in-band emission requirements. The UE being able to match its UL/DL digital filter’s bandwidth to the UL/DL subband in SBFD symbols may also help reducing the UE in/band emissions. However, such advance UE RF requirements are for RAN4 to be discussed. 
L1/L2 based CLI 
With SBFD, both intra-cell and inter-cell UE-to-UE CLI are possible. In an intra-cell UE-to-UE CLI scenario it is  beneficial for the gNB to know the exact time when the UE is performing a CLI measurement, as the gNB could use this information to identify a potential ‘aggressor’ UE. Note that with existing L3 based CLI-RSSI and CLI-SRS, the baseline is that the gNB does not know the exact time (i.e. slot and symbol) when a reported CLI measurement is performed. In this sense, L1/L2 based CLI measurement & reporting (1) is better designed for improved short-term tracking of cross link interference conditions, (2) can provide benefits in terms of improved radio resource utilization, and (3) may help relaxing the measurement requirements at the UE, as the gNB does not need to configure UE-specific reference signals for the purpose of CLI measurements, but can identify the source of CLI based on the time of the measurement. Therefore, with L1/L2 based CLI reporting, potential enhancements to the RS configuration for the purpose of CLI measurement/reporting should also be studied. 
Study L1/L2 based CLI, including potential enhancements to the RS configuration for the purpose of L1/L2 based CLI measurement/reporting.
Timing alignment aspects
Even assuming the gNB has the exact knowledge of when (i.e. slot and symbols) a victim UE has performed a CLI measurement, the victim UE may still experience a time shifted interference in the measurement window, which can severely impact the reliability of the CLI measurement. Timing alignment for the CLI measurement RS and its impact on the accuracy of CLI-SRS measurements have been heavily discussed in Rel-16, and is currently also under discussion in A.I. 9.3.3 (see e.g. our companion contribution in [7]). 
One possibility for increasing the accuracy of RS-based CLI measurements is for the victim UE to be able to detect (and report) e.g. the time difference of arrival between DL (transmitted by the serving gNB) and UL (transmitted by the aggressor UE) RS. If the time shift is large, this may require that the victim UE can search for the aggressor UL RS. These techniques may be particularly helpful in case of SBFD, as the gNB can estimate the UE-to-UE propagation delay based on (1) the time advance of the victim UE, (2) the time advance of the aggressor UE, and (3) the time difference of arrival between DL and UL RS. Information on the UE-to-UE propagation delay can be used at the gNB, for example, to inform a potential victim UE on the specific timing offset to be used when to performing a CLI measurement. 
By knowing the time difference of arrival between DL (transmitted by the serving gNB) and UL RS (transmitted by the aggressor UE) at the victim UE, the gNB can estimate the intra-cell (aggressor)UE-to-(victim)UE propagation delay. This information can be used to assist the UE by e.g. providing the specific timing offset to be used when performing a CLI measurement.
Study schemes for measurement and reporting of time difference of arrival between DL RS and UL RS, and potential extensions to the CLI measurement framework to include assistance information consisting of e.g. specific timing offset (with respect to DL timing) to be used when performing a CLI measurement.
As mentioned earlier, operation in SBFD creates new interference cases when compared to flexible TDD, such as the UE-to-UE intra-cell CLI. There are limitations of existing CLI reference signals, which were not designed to mitigate this CLI case, and may not ensure correct and up-to-date interference measurement due to distance, limitation of time domain symbols and lack of synchronization between UEs, as discussed above. 
Existing CLI-RS might not be suitable for assessing the interference in all CLI scenarios introduced by SBFD operation. 
Study limitations of existing CLI reference signals and whether enhancements are needed to assess the inter sub-band CLI in SBFD symbols. 
Schemes for accurate measurement of CLI leakage
In RAN1 #112 and RAN1 #112bis-e, it has been agreed to study different methods for inter-UE inter-subband CLI measurements.
	RAN1 #112 
Agreement
For inter-UE inter-subband CLI measurement, study at least the following methods:
· Method#1: victim UE measures RSSI within DL subband
· FFS: Whether SINR can be measured
· Method#2: victim UE measures RSRP of aggressor UE within UL subband
· Method#3: victim UE measures RSSI within UL subband 
· Note: the restriction in Rel-16 that CLI is only measured within DL BWP does not forbid UE to measure CLI in UL subband when UL subband is confined within DL BWP.
RAN1 #112bis-e
 Agreement
For inter-UE inter-subband CLI measurement, study Method#2 and Method#3 considering:
· Necessity/benefit compared with measurement within DL subband
· Whether/how to estimate CLI from RSRP/RSSI measurements within UL subband / guardband
· Whether UE is required to measure RSRP/RSSI within UL subband and receive DL in DL subband(s) simultaneously
· Whether existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband
· If not, identify the potential impact

Agreement
For semi-static SBFD, a SBFD aware UE does not transmit UL channels/signals or receive DL channels/signals on the guardband(s) that the UE is aware of.
· FFS: Measurement in guardband for the purpose of CLI measurement



For the inter-UE inter-subband CLI measurement, the methods agreed up to RAN1 #112bis-e consider the CLI measurements performed within the UL subband or within the DL subband. However, in RAN1 #112bis-e, it has been agreed to further study the measurements in the guardband for the purpose of CLI measurement. 
We see advantages of the measurements within the guardbands when compared to Method #1, in which the victim UE measures RSSI within the DL subband. In the DL subband, the UE would measure both the leakage from transmissions from the aggressor UEs, and the power received from the gNB DL transmissions – unless the gNB mutes its own resources during the RSSI measurements. Therefore, the obvious advantage of the CLI measurements within the guardband is the possibility of measuring the UL leakage without muting the DL transmissions at the gNB, so it leads to a better resource utilization.
RSSI measurements within the guardbands are interesting to assess the CLI without muting any transmission resources during the measurements.
One option to configure the measurements within the guardbands is to configure zero power CSI-RS. This wouldn’t lead to any transmissions within the guardband, so it would be in accordance with the agreement made in RAN1 #112bis-e.
As said in [4], we do not see the different methods discussed in RAN1 #112 meeting as mutually exclusive. In case of SBFD operation, measurements of both the CLI within the UL subband, and the CLI-leakage within the DL subband are important for the network to handle the UE-UE CLI, as the CLI within the UL subband will impact the UE AGC and the leakage in the DL subband will impact the DL SINR and quantization. 
 In Rel-16 inter-UE CLI measurements, there were two types of measurements: RSSI and CLI-SRS RSRP, and the same could be defined for SBFD aware UEs. 
The advantage of method #2 when compared to method #1 is that by using the SRS RSRP, the UE could report for example the CLI-SRS index to the gNB, giving more useful information for the network to handle the UE-UE CLI than in the case that the UE only reports the RSSI. 
For inter-UE inter-subband CLI measurements, the victim UE measures at least:
· RSRP of the aggressor UE within UL subband
· RSSI within the guardbands
Additionally, in RAN1 #112bis-e, it has also been agreed to study the CLI-RSSI measurement/ report across DL subbands.
	
Agreement
For UE-to-UE CLI-RSSI measurement/report across downlink subbands, study the following methods:
· Method#1: separate CLI-RSSI measurement resources/reports in each DL subband
· Note: supported in existing specifications
· Method#2: CLI-RSSI measure/report in one DL subband only
· Note: supported in existing specifications
· Method#3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
· FFS: report single or separate CLI-RSSI report(s) 
· FFS: details on determination of non-contiguous CLI-RSSI resource allocation 




We think the discussion on CLI-RSSI measurement/report across downlink subbands in SBFD symbols is strictly related to the discussion on CSI-RS measurement/report, especially when it comes to resource configuration. Therefore, we propose to align the options for configuration of CLI-RSSI and CSI-RS resources across DL subbands in SBFD symbols. We support:
· configuration of non-contiguous CLI-RSSI resource allocation equivalent to Option 2-2 for CSI-RS configuration (e.g. one contiguous CLI-RSSI resource allocation with non-contiguous CLI-RSSI resources across DL subbands derived by excluding frequency resources outside DL subband(s))
· separate CLI-RSSI measurement reports in each DL subband (i.e. subband CLI-RSSI reporting)
Additionally to the methods proposed in RAN1 #112, we also think that the UE measuring and reporting its own leakage on a specific subband could be extremely useful in the context of SBFD (as well as dynamic TDD). The point is, out-of-band emissions pose a limitation to the practical deployment of both dynamic TDD and SBFD, as they are the primary cause of inter-operator UE-to-UE CLI. With SBFD, co-channel inter-subband UE-to-UE CLI may also be caused by in-band emissions due to an aggressor UE transmitting an UL signal and a victim UE receiving a DL signal on non-overlapping frequency resources on the same TDD carrier. As in-band emission requirements can be several dBs more relaxed than the corresponding ACLR requirements, co-channel inter-subband UE-to-UE CLI may introduce even more constraints for SBFD operation as compared to inter-operator adjacent-channel UE-to-UE CLI with dynamic TDD. In TS 38.101, maximum power reduction (MPR) requirements are specified based on worst-case limiting factor of the EVM, ACLR, IBE, out-of-band and spurious emission requirements, etc. In fact, depending on several factors such as the channel bandwidth, the RB allocation, the UE transmission power, etc., the UE may typically be able to operate (far) below at least some of the emissions requirements specified in TS 38.101. However, the gNB is generally not aware of this. The gNB must always assume worst-case assumptions when estimating the interference that an aggressor UE may generate on adjacent PRBs. Therefore, it would be beneficial if the UE could measure and report to the gNB its own in-band emissions. In principle the CLI measurement and reporting framework could be extended to out-of-band emissions. This functionality could be included within the subband CLI measurement framework by requesting the UE to be able to measure the CLI-RSSI on a subband while transmitting on another subband. According to our understanding, this functionality is already supported by most of the UE chipsets as measurements on the feedback loop from the PA output are used to correct non-linear impairments of the transmit chain, so that e.g. the PA can operate more efficiently.   
Study subband CLI measurements and reports, including: subband CLI-RSSI measurements performed on a subband while the UE is transmitting on a different subband.  
gNB-2-gNB CLI 
To avoid co-channel CLI in TDD deployments, coordinated scheduling might be achieved by simply aligning the TDD frame configuration among the neighbour cells. Concepts such as clustering of multiple gNBs is currently feasible by using the standardized Intended TDD DL-UL Configuration IE. In SBFD deployments, however, it is not currently possible to coordinate the sub-band configuration with the neighbour cells. The intra-subband cross-link interference can be completely removed if cells align the link direction of the sub-bands, which it is expected to provide performance benefits. Therefore, we propose that the current framework of exchange of the intended TDD frame configuration over Xn interference to also support the intended subband configuration.
Study possible enhancements to the exchange of intended TDD configuration over Xn to include SBFD subband configuration.   
Self-interference 
As discussed in our companion contribution on dynamic TDD enhancements [7], boosting the UE Tx power and/or reducing the gNB power in slots/symbols affected by gNB-to-gNB CLI from overlapping frequency resources can be a simple yet effective way to handle cross-link interference. Similar solutions may also be applicable with SBFD operation e.g. to compensate for the decrease in UL SINR due to gNB self-interference in SBFD symbols/slots. Therefore, we propose the following: 
The potential benefits of boosting the UE Tx power and/or reducing the gNB power in SBFD slots/symbols shall be further investigated as a potential method to boost the UL received SINR in slots/symbols affected by gNB self-interference.
Controlling access to SBFD cells
When a SBFD cell is serving both legacy UEs and SBFD aware UEs, to simplify gNB implementation and/or to limit the impact on the performance of legacy UEs, the SBFD cell may decide to schedule legacy UEs only during DL-only (and U-only) slots, while SBFD-aware UEs may also be scheduled during SBFD slots.
Also, it could happen that a cell TDD UL resources are close to full utilization while its SBFD UL resources are still (at least partially) unused. 
In any of the above situations, the network may want to facilitate SBFD aware UEs to (re)select a SBFD capable cell, while discouraging legacy UEs from doing the same. In other words, SBFD aware UEs could have higher probability of (re)selecting to a SBFD capable cell than legacy UEs. To partially achieve this, some companies have proposed to indicate future release UEs about the cell duplex operation mode so that such indication can be used to facilitate UE’s cell selection, e.g. SBFD capable UE can prioritize SBFD cells over non-SBFD cells. An alternative solution, also enabling legacy UEs to de-prioritize SBFD cells, could be to signal SBFD-specific (re)selection offsets and/or priorities that SBFD aware UE shall apply when performing cell (re)selection. In any case, the specific solution is not for RAN1 to discuss. Therefore, we propose the following:   
RAN1 to study the potential benefits of SBFD aware UEs prioritizing SBFD cells and/or legacy UEs de-prioritizing SBFD cells when performing cell (re)selection. Detailed solutions are for RAN2 to discuss and specify if/when normative work for SBFD is agreed.
UL/DL collision handling in SBFD slots/symbols

In RAN1 #110bis-e meeting it was agreed to: 
	Agreement:
Identify if there are any cases of time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE 
· If there are, whether/how to avoid/handle such collision cases (as second step)




In RAN1 #111, there was a discussion about collision handling without agreements. 
	Proposal 1-12 ​
Proposed Conclusion:​
At least the following cases of time domain conflict of UL transmission and DL reception in the same SBFD symbol are identified.​
· Dynamic DL reception vs. semi-statically configured UL transmission​
· Dynamic UL reception vs. semi-statically configured DL transmission​
· Semi-statically configured DL reception vs. semi-statically configured UL transmission​
Note: PRACH transmissions and SSB receptions are not included.




Based on current specifications, the gNB plays an essential role in ensuring that no conflicts resulting in error cases or unspecified UE behavior occur at the UE. Some of these error cases are described below, while remaining details can be found in TS 38.213 Clause 11.1 and 11.1.1. Essentially, the gNB needs to ensure no contradicting indications are signaled to the UE, e.g. DCI triggering a DL reception on resources configured in UL (by SFI/DCI, or RRC/SIB configuration). For semi-static signals (e.g. SRS, PUCCH, CSI-RS, etc.) some more flexibility is allowed as the gNB can ‘cancel’ the corresponding transmission/reception of those signals (with some cancellation timeline restrictions). 
· The UE does not expect the gNB to request UL transmission on resources configured as DL by higher-layer signaling.
· The UE does not expect to receive a SFI indicating UL/DL direction for a symbol that is configured by higher-layers as DL/UL, respectively
· For a set of symbols of a slot that are indicated to a UE as flexible by higher-layer signaling, the UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception by the UE in the set of symbols of the slot.
· The UE does not expect to receive SFI indicating a set of symbols as uplink, and receive another DCI indicating the UE to receive PDSCH/CSI-RS in the set of symbols. And vice versa: receive SFI indicating DL symbols and other DCI indicating UL transmission.
· If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols
· The UE cancels the SRS, PUCCH, PUSCH or PRACH in the set of symbols but only if some cancellation timeline is met. 
· If a UE is configured by higher layers to receive a CSI-RS or a PDSCH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as uplink or flexible, or the UE detects a DCI format indicating to the UE to transmit PUSCH, PUCCH, SRS, or PRACH in at least one symbol in the set of the symbols, 
· the UE cancels the CSI-RS reception in the set of symbols of the slot or cancels the PDSCH reception in the slot.
· For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect the set of symbols to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.
· For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as uplink.
[bookmark: _Ref118281120]Table 2 UE behavior in case of UL/DL collision according to current specifications 
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UL-DL collision handling according to currents specifications is summarized in Table 2. We consider only cases with UL-DL collisions. For valid RO, based on TS 38.213, a RO is invalid if it collides with SSB. Therefore, we assume collisions between valid RO and SSB are not allowed in current specifications. We assume the same applies for collision between valid RO and Type 0 CSS, as the UE does not expect Type 0 CSS in slots/symbols that are configured as UL by either higher layer signaling or SFI. 
For the same reason, we consider as not allowed/expected collisions between dynamic or semi-static UL and SSB or Type 0 CSS. As a valid RO can in principle be configured in a set of symbols indicated as flexible by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, we assume that in case of dynamic DL colliding with valid RO, dynamic DL transmission is prioritized. On the other hand, collisions between valid RO and semi-static DL are not expected (for the same reason why collision between semi-static DL and UL is not expected). 
[bookmark: OLE_LINK5]One of the targets of SBFD is to reduce latency as compared TDD, especially in uplink. To achieve this, the network may need to configure the UE with semi-static UL transmission opportunities with very high periodicity, in principle up to every slot. In this case, as the UE is still half duplex, new collision rules may need to be specified to determine the conditions based on which the UE shall prioritize between semi-static UL and semi-static or dynamic DL. 
Also, depending on whether SBFD operation in SSB symbols (and/or Type 0 CSS symbols) is allowed, new prioritization rules may be needed to determine when a UE is allowed to transmit in UL during SSB and/or Type 0 CSS symbols. Therefore, we propose:
For time domain conflict of SBFD aware UE’s UL and DL operation in the same SBFD symbol, at least study whether/how to avoid/handle the following collision cases:
· [bookmark: _Hlk131516162]Semi-static UL (including valid RO) vs. semi-static or dynamic DL (including SSB/Type 0 CSS, if allowed)
· [bookmark: _Hlk118714984]Dynamic UL vs. SSB/Type 0 CSS (if allowed)
Additionally, for the DL vs. UL transmissions collision handling, it is straightforward for UE to determine whether there is collision or not by determining whether there is at least one overlapping symbol between the two transmissions. This is not always the case for determining whether DL and UL transmissions are collided or not in SBFD operation, given that UE needs time for switching from reception to transmission. In SBFD operation, even if the symbols used for DL receptions and UL transmissions are not overlapping, DL and UL transmissions are collided if there is not enough time for the UE Rx-Tx switching.

In SBFD operation, new collision cases arise if the time between DL reception and UL transmission is less than the time required for Rx to Tx switching.
: For SBFD aware UE’s, study how to handle collision cases between DL and UL when the time between DL receptions and UL transmissions is less than the Rx-Tx switching time 

Finally, Rel-16 introduced different priorities namely high priority (HP) and low priority (LP) to handle the collisions in the UL. It was not necessary to configure priority index for the dynamic PDSCH because DL vs UL collision was not allowed. Even though SBFD is a feature that aims to enhance uplink performance and latency, i.e., it is expected that UL transmissions are prioritized, there might be scenarios in which the network wants to prioritize the DL or drop part of the DL. 

In our view there are different alternatives to handle the semi-static UL vs. semi-static or dynamic DL collisions. In case it is decided that UL transmissions are prioritized by default, it should be possible to the gNB to configure priority index for the dynamic PDSCH as well, in case needed, as discussed above. A second alternative, is to allow the configuration of the priorities for the transmission or reception of the different signals / channels. The priority can be configurable and valid during a determined period. Instead of configuring a priority for a given channel, the gNB can indicate a period under which a set of priorities apply. In addition, always assuming a fixed (default) set of collision handling rules (e.g., always prioritize UL transmissions) may be restrictive and suboptimal given that some critical DL channels (e.g., PDCCH) may be blocked. Therefore, RAN1 should also consider the possibility of reserving some slots, wherein a different set of collision handling rules is applied (e.g., DL channels are prioritized). This offers gNB the possibility to schedule DL channel with priority in those slots, if needed. 

For SBFD aware UE’s, study configuration of collision handling rules between DL receptions and UL transmissions 
Conclusion
In this contribution, we discussed subband non-overlapping full duplex (SBFD) for NR and included considerations on the feasibility, performance and system design enhancements of SBFD. Based on the discussions, we have the following observations and proposals:

1. SBFD cannot be operated without changes to the RF architecture and as such SBFD needs new physical implementations and cannot be software upgraded to existing and deployed base stations.
The presence of co-channel inter-sector and co-channel inter-gNB inter-subband CLI impacts the SBFD performance and hinders any gain on the UL UPT with respect to static TDD.
With clustered UE distribution in UMa Scenario, there is significant degradation of UE DL throughput due to UE-UE CLI even at low load. This mainly occurs when one or more coverage limited UEs transmit
For FR1 Indoor Office scenario with 0.125 Mbytes FTP3 payload size and assuming similar ratio of DL resources for SBFD and TDD (XXXXX vs DDDSU), SBFD results in a UL throughput degradation of around 1% compared to static TDD. The reason is that with TDD there are more resource blocks available simultaneously for the same link direction (either UL or DL) which allows to upload the 0.125 Mbytes payloads faster than in SBFD. It is noted that in this scenario, no UL performance degradation due to self-interference is observed even with relaxed assumption of RSI=100 dB. The reason of this is that the required receiver sensitivity in this local-area scenario is much lower than in wide-area deployments due to higher received power from the UEs.
For FR1 Indoor Office scenario with small 1 kB FTP3 payload size and assuming similar ratio of DL resources for SBFD and TDD (XXXXX vs DDDSU), SBFD provides significant UL throughput and UL latency improvement as compared to static TDD. As compared to the case with large 125 kB payload, here the transmission of the entire 1 kB payload can generally fit a single radio slot, thus it is transmitted almost immediately in the case of SBFD, while there is generally some waiting time in the case of TDD.
For Indoor Office, SBFD performance shall be compared with dynamic TDD or more UL-centric TDD radio frames rather than “DDDSU” static TDD. It is expected that such alternatives can provide similar gains as SBFD.
For the small payload size, SBFD shows significant gains in both the UL UPT and the UL packet latency in the Indoor office FR2-1 scenario. The reason for this is a combination of the following: good link budget that results in high SINR, sufficient self-interference isolation, 100% availability of UL resources at any SBFD slot, and UL packets mostly fitting into 1 radio slot.
For the small payload size, SBFD shows no gain or even degradation in performance in terms of DL UPT and latency in the Indoor office FR2-1 scenario. This is especially noticeable at high loads where the co-channel inter-subband UE-to-UE CLI plays an important role
SBFD operation in symbols configured as DL improves the UL performance at the cost of DL performance. Dynamic adaptation of the frame structure based on traffic changing, for example, by converting SBFD symbols to DL-only, or allowing DL receptions outside the DL subband is beneficial, since it allows adaptation to the current traffic conditions by dynamically falling back to (dynamic) TDD. 
If the SBFD symbol is dynamically converted to a DL-only or UL-only symbol, it is not characterized by DL/UL subbands and guardband(s). 
Symbols configured as flexible in TDD-UL-DL-ConfigCommon can be used for DL or UL since Rel-15.
Not all PRBs are suitable for the configuration of the UL subband, for example, those configured for SSB or CORESET0 transmission (if allowed in SBFD symbols). Using the frequency allocated to the transmission of the SSB or CORESET0 as reference, and an offset for the configuration of the UL subband, can reduce the configurable range and number of bits used to indicate the UL subband to the UE. 
The basic BWP based scheme is rather straightforward but has severe UE peak rate and signaling overhead issue.
For the advanced BWP based scheme, there should be no additional gap due to BWP switch in the transition from SBFD slots to TDD slots, and vice versa.
In terms of digital filter bandwidth adaptation at the UE, there is substantially no difference between the RB-set based and the advanced BWP based approach. 
Unless new in-band emission requirements are specified, better UL transmission and DL reception filtering should not be considered as an advantage of any of the proposed schemes.
Operation according to the basic BWP based scheme is not precluded by RB-set based signaling.
Enabling initial access in SBFD symbols can increase the PRACH capacity, PRACH coverage, as well as reduce initial access delay.
NR specification allows for symbols of different types in special slots. A transition from DL to UL requires a slot to consist of different symbol types, at least in the special slots, if the configuration is kept compatible with legacy TDD DL/UL configuration.
A guard period between non-SBFD and SBFD symbols may be needed for switching from DL to UL transmissions, when the transmissions belong to different symbol types.
The obvious use cases for allowing a transmission to be mapped across SBFD and non-SBFD symbols in a slot are to allow full-slot scheduling of UL or DL transmission in the slot, without scheduling restriction.
Several benefits of allowing a transmission to be mapped across SBFD and non-SBFD symbols in a slot could be observed, namely avoiding either scheduling restriction at the scheduler or specific handling rules at the UEs or offering better performance for data (or control bits, if any) thanks to interleaving the encoded bits across symbol types given that lower interference is expected in non-SBFD symbols.
If a long guard time is introduced to account for implementation limitation, the benefit of allowing a transmission to be mapped across SBFD and non-SBFD symbols in a slot would be less significant. 
Options available with current standard specifications to provide different CORESET configurations in different slots/symbols all present limitations in terms of either limited flexibility or excessive signaling overhead. 
PDCCH mapping on REG/CCE outside of DL subband will degrade PDCCH performance, even with rate matching.
Use of NTA, offset = 0 is only possible in SBFD slots and it increases the required guard time between the end of a DL transmission in a DL slot and the start of an UL reception in a SBFD slot. 
Use of NTA, offset = 0 in SBFD slots and NTA, offset > 0 in TDD UL slots further increases the required overhead needed to switch between legacy TDD DL/UL slots and SBFD slots.
One obvious way to mitigate intra-cell inter-subband UE-to-UE CLI is to tighten the UE in-band emission requirements. The UE being able to match its UL/DL digital filter’s bandwidth to the UL/DL subband in SBFD symbols may also help reducing the UE in/band emissions. However, such advance UE RF requirements are for RAN4 to be discussed. 
By knowing the time difference of arrival between DL (transmitted by the serving gNB) and UL RS (transmitted by the aggressor UE) at the victim UE, the gNB can estimate the intra-cell (aggressor)UE-to-(victim)UE propagation delay. This information can be used to assist the UE by e.g. providing the specific timing offset to be used when performing a CLI measurement.
Existing CLI-RS might not be suitable for assessing the interference in all CLI scenarios introduced by SBFD operation. 
RSSI measurements within the guardbands are interesting to assess the CLI without muting any transmission resources during the measurements.
The advantage of method #2 when compared to method #1 is that by using the SRS RSRP, the UE could report for example the CLI-SRS index to the gNB, giving more useful information for the network to handle the UE-UE CLI than in the case that the UE only reports the RSSI. 
In SBFD operation, new collision cases arise if the time between DL reception and UL transmission is less than the time required for Rx to Tx switching.
1.  Support dynamic indication of SBFD subbands in time-domain.
1. For a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, support converting the SBFD symbol to DL-only symbol. 
1. For a SBFD symbol configured as flexible in TDD-UL-DL-ConfigCommon, support converting the SBFD symbol to DL-only or UL-only. 
For a SBFD aware UE in a symbol semi-statically configured as DL or Flexible in tdd-UL-DL-ConfigurationCommon, study mechanisms enabling dynamic configuration of the SBFD UL subband in the symbol
For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· The symbol can be converted to a DL-only symbol
Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon:
•	UL transmissions within UL subband are allowed in the symbol
•	UL transmissions outside UL subband are not allowed in the symbol
•	Frequency locations of DL subband(s) are known to the SBFD aware UE
•	DL receptions within DL subband(s) are allowed in the symbol
· The symbol can be converted to a DL-only symbol or UL-only symbol

Signaling of the frequency and time location of the UL subband via SIB is assumed as baseline. Signaling via dedicated RRC can be considered as an additional (not alternative) option. 
The frequency allocated to SSB or CORESET0 is used as reference for the configuration of the UL subband. 
UL subband cannot be configured in SSB symbols and in symbols preceding SSB symbols.
SBFD operation with the possibility to configure the SBFD UL subband only in a subset of the legacy DL (or flexible) symbols is agreed as the baseline.
Assume RB-set based scheme as the baseline. With the RB-set based scheme, a UE’s active BWP may include PRBs that are used by the serving cell for the opposite link direction.
Study support of initial access on SBFD symbols by e.g. introducing a new SBFD RACH configuration enabling at least Msg1/MsgA transmissions during SBFD symbols. 
Study requirements for supporting initial access transmissions other than Msg1/MsgA in SBFD symbols. 
For SBFD-aware UEs, for an RBG that overlaps the subband boundary: 
•	The UE assumes that the part of the UL RBG outside the UL subband cannot be used for transmissions 
Consider changing the reference point of the FDRA to e.g. the first RB in the upper DL subband and wrap around the PRB index until an end-PRB.
For CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subband, CSI-RS resources are configured over the entire bandwidth, with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s).
For CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity is such that CSI-RS instances occur in both SBFD and non-SBFD symbols, two CSI-ReportConfig are configured. Both CSI-ReportConfigs are associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
A slot can consist of both SBFD and non-SBFD symbols.
If a transmission is not allowed to be mapped across SBFD and non-SBFD symbols in a slot, RAN1 should further discuss UE behavior for TDRA determination for the transmission occasion that spans across symbol types in the slot, especially for semi-static PUSCH/PDSCH and PUSCH/PDSCH with repetitions.
For SBFD aware UEs, for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots, the transmissions/receptions can be in SBFD symbols and non-SBFD symbols
For CG-PUSCH and DL SPS, introduce SBFD-specific configurations where one set of radio parameters is used depending on the corresponding slot format. 
For SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots, introduce separate configurations (as in Option 1-1), or related configurations(as in Option 1-3). 
For Scheduled/configured TBoMS across SBFD symbols and non-SBFD symbols, with or without repetition: 
· consider different number of RBs for the repetitions (or the slots of a TBoMS) in SBFD slots compared to the repetitions (or the slots of the TBoMS) in non-SBFD slots 
· combine both repetitions and TBoMS, for example applying TBoMS for the repetitions of a PUSCH in SBFD slots, while the usual single-slot repetition is used for the repetitions of the PUSCH in non-SBFD slots
· Use of different density of DMRS symbols in SBFD and non-SBFD symbols
· Use of different waveforms for the transmissions on different slots
Study solutions enabling dynamic adaptation of PDCCH resources based on the occurrence of SBFD symbols and the corresponding DL-UL frequency domain partitioning.
RAN1 should consider different definition for CORESET/search space and mapping between them in SBFD and non-SBFD symbol/slots.
RAN1 should consider PDCCH mapping/detection method, how to guarantee PDCCH only map on DL resource and UE only detect the PDCCH candidate on DL resource, so that there is no impact on PDCCH detection performance.
Consider using NTA, offset = 0 in SBFD slots and NTA, offset > 0 in TDD UL to solve the FFT misalignment problem between UL Rx and DL Tx in SBFD slots. 
If it is agreed to use NTA, offset = 0 in SBFD slots and NTA, offset > 0 in TDD UL, study how to reduce the increased overhead when switching between TDD DL/UL slots and SBFD slots. 
Study L1/L2 based CLI, including potential enhancements to the RS configuration for the purpose of L1/L2 based CLI measurement/reporting.
Study schemes for measurement and reporting of time difference of arrival between DL RS and UL RS, and potential extensions to the CLI measurement framework to include assistance information consisting of e.g. specific timing offset (with respect to DL timing) to be used when performing a CLI measurement.
Study limitations of existing CLI reference signals and whether enhancements are needed to assess the inter sub-band CLI in SBFD symbols. 
For inter-UE inter-subband CLI measurements, the victim UE measures at least:
· RSRP of the aggressor UE within UL subband
· RSSI within the guardbands
Study subband CLI measurements and reports, including: subband CLI-RSSI measurements performed on a subband while the UE is transmitting on a different subband.  
Study possible enhancements to the exchange of intended TDD configuration over Xn to include SBFD subband configuration.   
The potential benefits of boosting the UE Tx power and/or reducing the gNB power in SBFD slots/symbols shall be further investigated as a potential method to boost the UL received SINR in slots/symbols affected by gNB self-interference.
RAN1 to study the potential benefits of SBFD aware UEs prioritizing SBFD cells and/or legacy UEs de-prioritizing SBFD cells when performing cell (re)selection. Detailed solutions are for RAN2 to discuss and specify if/when normative work for SBFD is agreed.
For time domain conflict of SBFD aware UE’s UL and DL operation in the same SBFD symbol, at least study whether/how to avoid/handle the following collision cases:
· Semi-static UL (including valid RO) vs. semi-static or dynamic DL (including SSB/Type 0 CSS, if allowed)
· Dynamic UL vs. SSB/Type 0 CSS (if allowed)
For SBFD aware UE’s, study how to handle collision cases between DL and UL when the time between DL receptions and UL transmissions is less than the Rx-Tx switching time
For SBFD aware UE’s, study configuration of collision handling rules between DL receptions and UL transmissions 
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Annex A: Agreements from the previous meetings
	RAN WG1 #109-e
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 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.
RAN WG1 #110-e
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.
Agreement:
For indication of subband locations for SBFD operation, study semi-static configuration of subband time and frequency location as baseline.
Agreement
For semi-static configuration of subband location, consider same subband frequency resources across different SBFD symbols as baseline.
Working Assumption
For SBFD operation within a TDD carrier, study SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies as baseline. 
· FFS feasibility and potential benefit of SBFD scheme within a single configured DL and UL BWP pair with unaligned center frequencies
· FFS feasibility and potential benefit of SBFD scheme with more than one configured DL and UL BWP pair with aligned/unaligned center frequencies for a DL and UL BWP pair
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
Agreement
Study the feasibility and potential benefit of UE-to-UE co-channel CLI measurement and reporting, which can be specific for SBFD, at least includes:
· Measurement resource/reporting configuration
· Measurement/reporting details (including UE processing delay)
· Relevant information exchange (between gNBs) if needed
· Usage of measurement at gNB
Note: other enhancement(s) for gNB-to-gNB and UE-to-UE CLI handling specific for SBFD are not precluded.
RAN WG1 #110bis-e
Agreement
For SBFD operation at least for RRC_CONNECTED state, it is agreed that SBFD operation Alt 4 is the baseline.
· 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.
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.
Agreement
For semi-static configuration of subband time locations for SBFD operation, it is agreed that explicit configuration of SBFD subband time locations within a period is the baseline.
Agreement
Study impact and potential enhancements of CSI-RS resource set frequency domain resource allocation and CSI reporting configuration across non-contiguous DL subbands.
Agreement
Study impact/potential enhancements for UE-to-UE CLI-RSSI measurement/report considering non-contiguous measurement resource in frequency.
Agreement
Identify if there are any cases of time domain conflict of UE’s UL and DL operation in the same SBFD symbol for SBFD aware UE 
· If there are, whether/how to avoid/handle such collision cases (as second step)
Agreement
Study whether SBFD operation in SSB symbols is supported or not.
Agreement
For SBFD operation within a TDD carrier, it is agreed that SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies is the baseline.
[bookmark: _Hlk117682405]Agreement
The maximum number of UL subbands for SBFD operation in an SBFD symbol (excluding legacy UL symbol) within a TDD carrier is one for the study in RAN1.
· The UL subband can be located at one side of the carrier.
· The UL subband can be located at the middle part of the carrier, subject to RAN4’s study and conclusion
Note: RAN1 considers the above two possibilities unless RAN4 concludes that any one is infeasible.
Note: Two UL subbands for SBFD operation in an SBFD symbol within a TDD carrier due to SBFD operation in legacy UL symbols is subject to further RAN1 discussions which is 2nd priority as per RAN guidance.
Send an LS to RAN4 to inform the above agreement. If RAN4 has response, it will be taken into account but in the meanwhile, RAN1 work will continue based on the above.
LS on maximum number of UL subbands for duplex evolution to RAN4 is endorsed. Final LS in R1-2210671.
RAN WG1 #111
Agreement
For a SBFD aware UE semi-statically configured with UL subband in a SBFD symbol configured as DL in TDD-UL-DL-ConfigCommon, the following is agreed as baseline in the RAN1 study:
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· The frequency location of DL subband(s) can be explicitly indicated or implicitly derived
· DL receptions within DL subband(s) are allowed in the symbol
· Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol
Agreement
For the purpose of RAN1 study, the understanding is that for semi-static configuration of subband frequency locations for SBFD operation, frequency location of UL/DL subband is with reference to CRB grid.

Agreement
Study impact and potential enhancements for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols, including at least the following:
· PDCCH, scheduled/configured PUCCH/PUSCH/PDSCH, without repetition in SBFD symbols and non-SBFD symbols
· Scheduled/configured SRS/CSI-RS in SBFD symbols and non-SBFD symbols
· Scheduled/configured TBoMS across SBFD symbols and non-SBFD symbols with or without repetition
· Multi-PUSCH/PDSCH scheduled by a single DCI in SBFD symbols and non-SBFD symbols
· Scheduled/configured PDSCH/PUSCH/PUCCH with repetitions across SBFD symbols and non-SBFD symbols
Note: Inter-slot/intra-slot/inter-repetition/inter-group frequency hopping with DMRS bundling of PUSCH/PUCCH, if applicable, is considered.
Examples of potential enhancements include:
· Resource allocation in frequency domain including frequency hopping
· Resource allocation in time domain
· Power domain
· Spatial domain 
FFS: If the PUCCH/PUSCH/PDSCH/PDCCH can be mapped to SBFD and non-SBFD in the same slot if configured.
 
Agreement
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, study the following options for SBFD aware UEs,
Option 1: 
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
· FFS: Whether DL receptions outside DL subband(s) are allowed or not in the symbol
Option 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
Note: UL transmissions are within active UL BWP and DL receptions are within active DL BWP in the symbol for both options. For all RBs outside the UL subband, UE cannot use separate RBs for DL and UL simultaneously
 
Agreement
Study the impact and benefits of potential enhancements to resource allocation in frequency-domain for SBFD operation, considering unaligned boundaries between resource block group(s)/reporting subband(s) and SBFD subbands, including at least the following:
· RBG for PDSCH RA type 0
· CSI reporting configuration
· CSI-RS resource configuration
· PRG of PDSCH
RAN WG1 #112
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.

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

Agreement
For inter-UE inter-subband CLI measurement, study at least the following methods:
· Method#1: victim UE measures RSSI within DL subband
· FFS: Whether SINR can be measured
· Method#2: victim UE measures RSRP of aggressor UE within UL subband
· Method#3: victim UE measures RSSI within UL subband 
· Note: the restriction in Rel-16 that CLI is only measured within DL BWP does not forbid UE to measure CLI in UL subband when UL subband is confined within DL BWP.

Agreement
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols)
· Study the following options for SBFD-aware UEs:
· Option 1: The transmissions/receptions are restricted to SBFD symbols only or non-SBFD symbols only
· Option 2: The transmissions/receptions can be in SBFD symbols and non-SBFD symbols
· UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols include the following:
· PDSCH/PUSCH/PUCCH repetitions
· SPS PDSCH/CG PUSCH
· TBoMS
· Multi-PUSCH/PDSCH scheduled by a single DCI
· Periodic/semi-persistent SRS/CSI-RS/PUCCH
· PDCCH

Agreement
For SBFD-aware UEs, study the at least following options for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands. For an RBG that overlaps the subband boundary,
· Option 1: 
· Part of the DL RBG inside the DL subband can be used
· Part of the UL RBG inside the UL subband can be used
· Option 2: 
· Part of the DL RBG inside the DL subband cannot be used
· Part of the UL RBG inside the UL subband cannot be used
FFS: The part of the RBG outside.

Agreement
For SBFD-aware UEs, study at least the following issues for PDSCH:
· PRG(s) with size of 2 and 4 that overlaps with subband boundary 
· Wideband precoder in case of non-contiguous DL subbands

Agreement:
Study the frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs considering the following options:
· Option 1: Two contiguous CSI-RS resources that are linked
· Option 2: One CSI-RS resource
· Option 2-1: Non-contiguous CSI-RS resource allocation
· Option 2-2: One contiguous CSI-RS resource allocation with non-contiguous CSI-RS resource derived by excluding frequency resources outside DL subband (s) 

Agreement:
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS, at least, across SBFD symbols and non-SBFD symbols in different slots (each CSI-RS resource within a slot has either all SBFD or all non-SBFD symbols):
· Option 1: separate CSI reporting for SBFD symbols and non-SBFD symbols
· Option 2: same CSI reporting for SBFD symbols and non-SBFD symbols

Agreement:
Study at least the followings for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols in different slots:
· Whether/how to have separate resources 
· Whether/how to have separate FH parameters
· Whether/how to have separate UL power control parameters 
· Whether/how to have separate beam/spatial relation 

RAN WG1 #112bis-e
Conclusion
The following RAN1 observation is made:
One motivation for allowing that a slot can consist of both SBFD and non-SBFD symbols is for compatibility with symbol-level TDD UL/DL configuration.
Frequent switching between SBFD and non-SBFD symbols may increase the implementation complexity and interruptions of transmissions/receptions during transition. 
· Further study whether limitation(s) on the maximum number of switching points between SBFD and non-SBFD symbols within a slot, a TDD UL/DL pattern period, and/or semi-static SBFD configuration period (if different from TDD UL/DL pattern period) are needed
· Further study scenarios a guard period between SBFD and non-SBFD symbols is required/not required and the length of the guard period if required
Note: Whether or not a physical channel/signal occasion is mapped to both SBFD and non-SBFD symbols within a slot is a separate discussion.
 
Agreement
At least for semi-static SBFD, the following two options are viable solutions for frequency location configuration of DL subband(s) and guardband(s) if any.
· Option 1: Frequency locations of DL subband(s) are explicitly configured. Guardband(s) if any are implicitly derived as the RBs which are not within UL subband or DL subband(s). 
· Option 2: The number of RBs for guardband(s), if any, is explicitly configured. DL subband(s) are implicitly derived as RBs which are not within UL subband or guardband(s).
 
Agreement
If PRG is determined as wideband, study the following two options:
· Option 1: non-contiguous frequency resources across two DL subbands but contiguous frequency resource within each DL subband can be allocated
· FFS: Precoding assumption within and across the two DL subbands
· Option 2: non-contiguous frequency resources across two DL subbands cannot be allocated
The study should include the impact on UE complexity
 
Agreement
For UE-to-UE CLI-RSSI measurement/report across downlink subbands, study the following methods:
· Method#1: separate CLI-RSSI measurement resources/reports in each DL subband
· Note: supported in existing specifications
· Method#2: CLI-RSSI measure/report in one DL subband only
· Note: supported in existing specifications
· Method#3: CLI-RSSI measurement/report based on non-contiguous CLI-RSSI resource across downlink subbands
· FFS: report single or separate CLI-RSSI report(s) 
· FFS: details on determination of non-contiguous CLI-RSSI resource allocation 
 
Agreement
Endorse the text proposal in R1-2303639 for the TR with the following update.
	6.1.1.3  SBFD operation in symbols configured as flexible in TDD-UL-DL-ConfigCommon
For SBFD operation in a symbol configured as flexible in TDD-UL-DL-ConfigCommon, the following optionsalternativesare studied for SBFD aware UEs,
OptionAlt 1: 
· UL transmissions within UL subband are allowed in the symbol
· UL transmissions outside UL subband are not allowed in the symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
· FFS: Whether DL receptions outside DL subband(s) are allowed or not in the symbol
OptionAlt 2: 
· UL transmissions within UL subband are allowed in the symbol
· The RBs outside the UL subband can be used as either UL, or DL excluding guardband(s) if used, in the symbol from gNB’s perspective, and the transmission direction for all those RBs is the same
· FFS: SBFD aware UE behaviours
· FFS: Whether or not signalling of guardband(s) is needed
· FFS: Whether or not the symbol can be converted to a DL-only symbol
· Frequency locations of DL subband(s) are known to the SBFD aware UE
· DL receptions within DL subband(s) are allowed in the symbol
 


 
Agreement
For SBFD-aware UEs, Option 1 with updateis agreed for resource allocation in frequency-domain in case of unaligned boundaries between RBG and SBFD subbands for better resource utilization. 
For an RBG that overlaps the subband boundary,
· Option 1 (with update): 
· The Part of the DL RBG inside the DL subband can be used
· The Part of the UL RBG inside the UL subband can be used
 
 
Agreement
For semi-static SBFD, a SBFD aware UE does not transmit UL channels/signals or receive DL channels/signals on the guardband(s) that the UE is aware of.
· FFS: Measurement in guardband for the purpose of CLI measurement
 
Agreement
· For semi-static SBFD, for a CSI-RS resource which overlaps with SBFD subband boundaries, only CSI-RS resources within DL subband(s) are valid for SBFD-aware UE.
· For semi-static SBFD, for a CSI reporting subband which overlaps with SBFD subband boundaries, CSI report is derived based on CSI-RS resources excluding CSI-RS resources outside DL subband(s).
 
Conclusion
For the two options agreed in RAN1#112 for UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), the following observations are agreed.
· Option 1 can be achieved by gNB configuration or scheduling to ensure that all transmission/reception occasions are confined to either SBFD symbols or non-SBFD symbols. Alternatively, Option 1 can be achieved by additional indication or rules to determine the transmission/reception occasions are valid within one symbol type and are invalid within the other symbol type.
· The frequency resources, power control and beam/spatial relation for all the transmission/reception occasions can be the same for Option 1 but may be different for Option 2. If different, it may require additional specification efforts.
· Option 1 may or may not increase the transmission/reception latency if the transmission/reception in the other symbol type is postponed and may degrade the performance if the transmission/reception in the other symbol type is dropped. Option 2 may or may not reduce the transmission/reception latency and improve coverage.
 
Agreement
For inter-UE inter-subband CLI measurement, study Method#2 and Method#3 considering:
· Necessity/benefit compared with measurement within DL subband
· Whether/how to estimate CLI from RSRP/RSSI measurements within UL subband / guardband
· Whether UE is required to measure RSRP/RSSI within UL subband and receive DL in DL subband(s) simultaneously
· Whether existing CLI measurement and report framework can be reused to support RSRP/RSSI measurements within UL subband
· If not, identify the potential impact
 
Conclusion
Time misalignment at gNB between UL receptions and DL transmissions due to configuration of non-zero NTA,offset at UE can lead to increased interference assuming no gNB transmit chain side impairments and no filtering of DL subband(s) in the gNB Rx chain.
· FFS the case with gNB transmit chain impairments and/or filtering of DL subband(s) in the gNB Rx chain
· FFS whether/how to mitigate the interference increase, including impact to legacy UEs
 
Agreement
Study the following options for SBFD operation in SSB symbols.
· Option 1: UL subband cannot be configured in an SSB symbol
· FFS handling of misaligned periodicities between SSB and semi-static SBFD subband time location configuration
· Option 2: An UL subband can be configured in an SSB symbol
· FFS whether/when and/or under which conditions an SBFD-aware UE transmits in the UL subband or may receive SSB in the symbol.
 
Agreement
Study whether the transmission/reception occasion of a physical channel/signal can be mapped to SBFD and non-SBFD symbols within a slot for a UE, and whether a UE can transmit/receive in the occasion mapped to SBFD symbols and non-SBFD symbols including:
· Use-case(s) including the locations and number of switching points of the SBFD and non-SBFD symbols in the slot.
· Potential benefits if any
· Phase continuity
· Potential interruption of transmissions/receptions during transition
· Required guard time if any
· Potential impact on performance
· Impact on link adaptation, channel estimation, and other procedures
· UL transmission timing if any
· Implementation complexity
· Applicability for SBFD aware UE and non-SBFD aware UEs
· NOTE: There are more than one scenario where a transmission overlaps SBFD and non-SBFD symbols and some may or may not face the aspects listed above
· NOTE: This study doesn’t mean RAN1 agreement on a slot consisting of SBFD and non-SBFD symbols. 
 
Conclusion
For the options agreed to study in RAN1#112 for frequency resource allocation for CSI-RS across downlink subbands for SBFD-aware UEs, the following observations are agreed.
· For all the options, there is no impact on CSI-RS sequence generation.
· Option 1 requires additional signalling to link two CSI-RS resources in two DL subbands. 
· Option 2-1 requires new RRC structure to configure non-contiguous RBs for one CSI-RS resource, which may require additional signalling overhead. 
· Option 2-2 can reuse the existing signalling design for CSI-RS resource configuration. Option 2-2 can be used to resolve the potential unaligned boundaries between CSI-RS resource configuration and SBFD subbands
· Further discussion is required on the UE complexity due to:
· UE capability of maximum number of configured CSI-RS resources
· Processing non-contiguous CSI-RS
 
Agreement
For SBFD-aware UEs, study the following options for CSI report associated with periodic/semi-persistent CSI-RS in case the periodicity is such that CSI-RS instances occur in both SBFD and non-SBFD symbols:
· Option 1: two CSI-ReportConfigs, where one is associated with SBFD symbols and the other is associated with non-SBFD symbols
· Option 1-1: One CSI-ReportConfig is associated with a CSI-RS restricted to SBFD symbols only and the second CSI-ReportConfig is associated with a second CSI-RS restricted to non-SBFD symbols only;
· Option 1-2: Both CSI-ReportConfigsare associated with the same CSI-RS. The CSI report associated with one CSI-ReportConfig is derived based on CSI-RS instances in SBFD symbols only. The CSI report associated with the second CSI-ReportConfig is derived based on CSI-RS instances in non-SBFD symbols only.
· Option 2: one CSI-ReportConfig associated with both SBFD symbols and non-SBFD symbols
· Option 2-1: One CSI-ReportConfig is associated with two CSI-RSs which are restricted to SBFD symbols and non-SBFD symbols respectively. Separate CSI measurements are derived based on the first and second CSI-RSs respectively.
· Option 2-2: One CSI-ReportConfig is associated with one CSI-RS. The CSI report is derived based on CSI-RS which can be in SBFD symbols or non-SBFD symbols in different time instances.
· FFS impact on UE CSI processing and reporting timeline
Note: Whether the CSI-RS resource can be used for SBFD and non-SBFD symbols may depend on, e.g., gNB implementation of same/different antenna configuration in both symbols. 
Option 1-1 can be supported according to existing specification by gNB configuration of appropriate periodicities to ensure that the CSI-RS associated with each CSI-ReportConfig is confined to either SBFD symbols or non-SBFD symbols only. But it may restrict the gNB configuration flexibility and enhancements can be considered by additional indication or rules to determine the CSI-RS is valid within one symbol type and is invalid in the other symbol type.
Option 2-2 can be supported according to existing specification to configure measurement restriction so that UE would not average CSI measurements across SBFD and non-SBFD symbols.
 
Agreement
For UL transmissions and DL receptions across SBFD symbols and non-SBFD symbols in different slots (each transmission/reception within a slot has either all SBFD or all non-SBFD symbols), if the transmissions/receptions can be in SBFD symbols and non-SBFD symbols with different available resources, study at least the following frequency resource allocation options for PDSCH, CSI-RS, PUSCH, PUCCH, SRS for SBFD-aware UE:
· Option 1: Separate FDRA determination for SBFD slots and non-SBFD slots. 
· Option 1-1: Separate FDRA configurations/indications for SBFD slots and non-SBFD slots
· Option 1-2: Separate frequency resources determined for SBFD slots and non-SBFD slots based on single FDRA configuration/indication 
· Option 1-3: single FDRA configuration/indication and RB offset(s)
· Option 2: Perform rate matching or puncturing on the RBs outside DL/UL subbands for DL/UL channels/signals. 
· Option 3: A DL/UL channel/signal overlapping with RBs outside DL/UL subbands in a SBFD slot is dropped or postponed.
Note: Different options can be studied for different signals/channels.
 
Agreement
For the case that: 
1. The monitoring periodicity of a search space is such that different monitoring occasions in different slots occur in SBFD and non-SBFD symbols, respectively, and,
1. The associated CORESET overlaps the boundary of a DL subband in SBFD symbols
Consider whether/how the above could be supported considering both existing tools in specifications on CORESET and search space configuration as well as at least the following options for potential enhancement for SBFD-aware UE:
· Option 1: Separate valid resources for the CORESET in SBFD symbols and in non-SBFD symbols.
· Option 2: Rate matching or puncturing on the REG(s) of a PDCCH outside DL subband(s). 
· Option 3: UE does not monitor a PDCCH candidate if it is mapped to one or more REs that overlap with REs outside DL subband(s).
· Option 4: Drop search space(s) when the associated CORESET overlaps with RBs outside DL subband(s)
· Option 5: Separate search spaces associated with a CORESET in SBFD and non-SBFD symbols
Note: Whether these enhancements are applicable to only USS or also CSS





[bookmark: _Ref111111068]Annex B: Detailed simulation assumptions for SBFD
[bookmark: _Ref111043115]Table B1: Simulation assumptions for FR1 UMa Scenario
	Parameters
	Value

	Scenario
	Urban Macro (TR 38.901) with 7x3=21 cells and 500 meter ISD.
SBFD Deployment Case 1 with single operator and all gNBs using the same UL-DL SBFD sub-band partitioning

	SCS
	30 kHz

	Carrier bandwidth
	100 MHz, 273 RBs

	gNB total transmit power
	53 dBm

	UE Tx power
	23 dBm

	UE position
	UE clustering in line with RAN1#111 agreements: 10 UEs per cell at 1.5 meter height. 80% of the UEs in 1 cluster per macro cell area with 25 meter radius.
UEs dropped within the UE cluster are indoor with 3km/h; UEs dropped outside the UE cluster are outdoor in car with 30km/h

	Traffic model
	FTP3 UL and DL traffic; 0.125 MB payload size in UL and 0.5 MB in DL 

	Channel modelling
	gNB-UE: TR 38.901 UMa

gNB-gNB: TR 38.901 UMa with replacement of the UE’s antenna height with gNB’s antenna height and updated angular spread. 75% of LOS probability for gNBs within ISD distance

UE-UE: TR 38.901 UMi with O2I according to TR 38.802. 

Both large-scale and small-scale fading effects are modeled between all gNB-gNB links.
Only large-scale fading is modeled between UE-UE links.

	BS antenna configurations
	TDD: 16 Tx/16 Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 2, 4);
dH = 0.5λ, dV = 0.8λ;

SBFD: 16 Tx/16 Rx antenna ports (Opt 2)
(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 4) (per panel group)
dH = 0.5λ, dV = 0.8λ;

SBFD: 8 Tx/8 Rx antenna ports (Opt 3)
(M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 4)
dH = 0.5λ, dV = 0.8λ;


	UE antenna configuration
	2 Tx antenna ports:
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 1)

4 Rx antenna ports:
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)
dH=0.5

	UE & BS receiver
	MMSE-IRC 

	Number of UEs per cell
	10 

	UE power control
	Open-loop power control with alpha = 0.7 and p0=-80

	DL/UL Transmission mode
	DL: Single user MIMO with rank 2
UL: Single user MIMO with rank 1

	Frame structure
	TDD: DDDSU with S=[12D:2G:0U]
SBFD: XXXXX with X denoting a SBFD slot with DGUGU = [104, 5, 55, 5, 104] PRB assignment. “D”, “U” and “G” refers to downlink subband, uplink subband and guard bands, respectively.

	SBFD interference modeling
	Setting 1 (optimistic): 149 dB RSI and 135.5 dB for inter-sector isolation 
Setting 2 (realistic): 149 dB RSI and 117.5 dB for inter-sector isolation
gNB-to-gNB inter-site: ACLR: 45 dB, ACS: 46 dB.
UE ACLR: IBE requirements defined in TS 38.101-1
UE ICS = 33 dB

	Noise figure
	BS: piece-wise noise figure model with A = -43 dBm, B = -25 dBm, C = 5 dB, D = 14 dB
UE: 9 dB





[bookmark: _Ref127300680]Table B2: Simulation assumptions for FR1 Indoor Scenario
	Parameters
	Value

	Scenario
	TR 38.901 Indoor Office of 120x50x3 meter with 12 cells deployed in the ceiling with 20 meter inter-site distance.
SBFD Deployment Case 1 with single operator and all gNBs using the same UL-DL SBFD sub-band partitioning

	SCS
	30 kHz

	Carrier bandwidth
	100 MHz, 273 RBs

	gNB total transmit power
	24 dBm

	UE Tx power
	23 dBm

	UE position
	120 randomly distributed UEs in the office area.

	Traffic model
	FTP3 UL and DL traffic; 0.125 MB payload size in UL and 0.5 MB in DL 
FTP3 UL and DL traffic; 1kB payload size in UL and 4kB in DL

	Channel modelling
	gNB-UE, UE-UE and gNB-gNB: TR 38.901 InH

Both large-scale and small-scale fading effects are modeled between all gNB-gNB and UE-UE links.

	BS antenna configurations
	TDD: 32 Tx/32 Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (4, 4, 2, 1, 1; 4, 4);

SBFD: 32 Tx/32 Rx antenna ports (Opt 2)
(M, N, P, Mg, Ng; Mp, Np) = (4, 4, 2, 1, 1; 4, 2); (per panel group)

dH = 0.5λ, dV = 0.5λ;
90 degree mechanical tilt (pointing to the floor)


	UE antenna configuration
	2 Tx antenna ports:
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 1)

4 Rx antenna ports:
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)
dH=0.5

	UE & BS receiver
	MMSE-IRC 

	UE power control
	Open-loop power control with alpha = 0.6 and p0=-60

	DL/UL Transmission mode
	DL: Single user MIMO with rank 2
UL: Single user MIMO with rank 1

	Frame structure
	TDD: DDDSU with S=[12D:2G:0U]
SBFD: XXXXX with X denoting a SBFD slot with DGUGU = [104, 5, 55, 5, 104] PRB assignment. “D”, “U” and “G” refers to downlink subband, uplink subband and guard bands, respectively.

	SBFD interference modeling
	gNB Self-interference RSI: 120 dB
gNB-to-gNB inter-site: ACLR: 45 dB, ACS: 46 dB.
UE-to-UE: IBE requirements defined in TS38.101-1 and TS38.101-2 for Tx model.
UE selectivity model according to recent RAN1 working assumptions. UE ICS = 33 dB

	Noise figure
	BS: piece-wise noise figure model with A = -35 dBm, B = -17 dBm, C = 13 dB, D = 22 dB
UE: 9 dB












Table B3: Simulation assumptions for FR2-1 Indoor Scenario
	Parameters
	Value

	Scenario
	TR 38.901 Indoor Office of 120x50x3 meter with 12 cells deployed in the ceiling with 20 meter inter-site distance.
SBFD Deployment Case 1 with single operator and all gNBs using the same UL-DL SBFD sub-band partitioning

	SCS
	120 kHz

	Carrier bandwidth
	200 MHz, 132 RBs

	gNB total transmit power
	24 dBm

	UE Tx power
	23 dBm

	UE position
	120 randomly distributed UEs in the office area.

	Traffic model
	FTP3 UL and DL traffic; 0.125 MB payload size in UL and 0.5 MB in DL 
FTP3 UL and DL traffic; 1kB payload size in UL and 4kB in DL 

	Channel modelling
	gNB-UE, UE-UE and gNB-gNB: TR 38.901 InH

Both large-scale and small-scale fading effects are modeled between all gNB-gNB and UE-UE links.

	BS antenna configurations
	TDD: 
(M, N, P, Mg, Ng; Mp, Np) = (16, 8, 2, 1, 1; 1, 1);

SBFD (Opt 2):
(M, N, P, Mg, Ng; Mp, Np) = (16, 8, 2, 1, 1; 1, 1);

dH = 0.5λ, dV = 0.5λ;
90 degree mechanical tilt (pointing to the floor)


	UE antenna configuration
	4Tx/4 Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1)
dH=0.5

	UE & BS receiver
	MMSE-IRC 

	UE power control
	Open-loop power control with alpha = 0.6 and p0=-60

	DL/UL Transmission mode
	DL: Single user MIMO with rank 1
UL: Single user MIMO with rank 1

	Frame structure
	TDD: DDDSU with S=[12D:2G:0U]
SBFD: XXXXX with X denoting a SBFD slot with DGUGU = [52, 1, 26, 1, 52] PRB assignment. “D”, “U” and “G” refers to downlink subband, uplink subband and guard bands, respectively.

	SBFD interference modeling
	gNB Self-interference RSI: 120 dB
gNB-to-gNB inter-site: ACLR: 28 dB, ACS: 23.5 dB.
UE-to-UE: IBE requirements defined in TS38.101-1 and TS38.101-2 for Tx model.
UE selectivity model according to recent RAN1 working assumptions. UE ICS = 23 dB

	Noise figure
	BS: piece-wise noise figure model with A = -58 dBm, B = -40 dBm, C = 10 dB, D = 19 dB
UE: 10 dB




image1.png
ADc><— =





image2.png
QR

ANT

Q





image3.png
ANT

X

ADC}—% &)





image4.png
ADc><— =





image5.png
QR

ANT

Q





image6.png
ANT

X

ADC}—% &)





image7.png
Sth-percentile DL average UPT

50th-percentile DL average UPT

95th-percentile DL average UPT

120 600 800
100 500
600
8 400
£ e 500 5 a00
= = =
40 200
200
20 100
0 0 0
LowLoad Medium Load High Load LowLoad Medium Load High Load LowLoad Medium Load High Load
Sth-percentile UL average UPT 50th-percentile UL average UPT 95th-percentile UL average UPT
01 15 “
0.08
3
10
& 0.06 w w
g El 520
= = =
004
5
10
002
0 0 0

LowLoad Medium Load_High Load

LowLoad Medium Load_High Load

LowLoad Medium Load_High Load

I static TOD [N SBFD SameGain Realistic [N SBFD SameGain optimistic [ SBFD SameSize Realistic [ SBFD SameSize optimistic





image8.png
Mbps

Sth-percentile DL average UPT w00 50th-percentile DL average UPT w00 95th-percentile DL average UPT

100 500
600
80 400
? ?
60 S 300 S a00
= =
40 200
200
20 100
0
LowLoad Medium Load High Load LowLoad Medium Load High Load LowLoad Medium Load High Load

B static TOD [ SBFD SameGain Realistic [N SBFD SameGain optimistic [ SBFD SameSize Realistic [ SBFD SameSize optimist





image9.png
SSB

SSB





image10.emf
DL

DL DL DL

UL UL UL UL DL

DL

UL UL DL DL DL

DL

UL

UL

DL

DL

UL

SBDF aware UE

Legacy UE


image11.emf
DL

DL DL DL

UL UL UL UL DL

DL

UL UL DL DL DL

DL

UL

UL

DL

DL

UL

BWP 

pair #1

BWP 

pair #2

#1 --> #2 #2 --> #1 #1 --> #2 #2 --> #1 #1 --> #2


image12.png
Both SBFD and Legacy
UEs are ready to
transmit PRACH in the

1% valid RO
0O 1] 213 as]6]7]8]ofol1]2]3]a]ls]e]7]s8]o
SBDUE D o M o FEEAN o o FEI o EEEAN o FEAN o FEan
tegacyUE D D DS o o o/So o o/SPo o o/SPo o o/SPIo o o/sSPo o o/sPo o o/s A

]

.|

Y
Total delay SBFD UE

Total Delay legacy UE




image13.png
0.6
04
0.2
———SBFD DXXXU
0 Legacy DDDSU
20 30 40 50 60

Delay [slots]




image14.png
0

0 5 10 15 20
Latency difference between SBFD and legacy UEs [slots]





image15.png
DL
Guard band
uL

CRB index
##

PRB index

reference

BWP





image16.png




