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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The Rel-18 study item of NR duplex evolution has reached its completion and the study outcome is documented in TR 38.858 [1]. This paper outlines our views on the normative work of NR duplex evolution in Rel-19.
2 On the scope of Rel-19 normative work
According to the discussion in RAN#101 [2] and the summary from RAN Chair in RAN1#102 [3], the following was proposed for the Rel-19 normative work on Evolution of duplex operation
	· References: RWS-230488, RP-231540, RP-232613
· Potential objectives:
· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier 
· [Semi-static/dynamic] indication of time location of SBFD subbands to UEs [in RRC_CONNECTED mode]
· Semi-static indication of frequency domain location of SBFD subbands to UEs [in RRC_CONNECTED mode]
· UE transmission and reception behavior and procedures in SBFD symbols and/or non-SBFD symbols
· Note: followings are assumed based on TR 38.858
· SBFD operation Option 4
· Coexistence between legacy UEs and SBFD aware UEs in the cell operating SBFD at gNB side
· SBFD scheme within a single configured DL and UL BWP pair with aligned center frequencies
· Up to one UL subband for SBFD operation in an SBFD symbol (excluding legacy UL symbol/slot) within a TDD carrier
· At least adjacent channel coexistence between two operators should be considered as a minimum.
· Specify enhancements for CLI handling:
· Support both the gNB-to-gNB co-channel CLI handling scheme(s) and UE-to-UE co-channel CLI handling scheme(s) (the detailed schemes are to be down-selected from those in TR38.858)  
· The SBFD operation drives the CLI enhancements, which are expected to be applicable to the dynamic/flexible TDD operation but without dedicated optimization
· RF requirements for SBFD operation at gNB


[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Three objectives are proposed for the duplex evolution WI: SBFD operation including enhancements for UE transmissions and receptions, enhancements for CLI handling and RF requirements for SBFD operation. The impact on gNB RF requirements to enable SBFD operation has been studied in the SI phase and to be continued in the WI. In the following, we discuss some further details of the first two objectives.

SBFD operation including enhancements for UE transmissions and receptions 
For SBFD operation including enhancements for UE transmissions and receptions, there are several issues which require some further discussion.
· SBFD operation for UEs in RRC_IDLE state
The first issue is whether SBFD operation is supported for UEs in RRC_IDLE state. On this issue, the following was concluded in Section 6.1.1 of TR 38.858: 
	Random access in SBFD symbols is studied in RAN1. If random access is allowed in SBFD symbols for SBFD-aware UEs, it may potentially reduce the random access latency, reduce the PRACH collision probability and/or improve the coverage of PRACH and Msg3. These aspects were not fully evaluated in RAN1. PRACH and Msg3 transmissions in UL subband in SBFD symbols may cause UE-to-UE CLI. The system performance impact is not evaluated in RAN1. Specification impact is expected to allow random access in SBFD symbols at least for PRACH and Msg3 transmissions in symbols configured as DL in TDD-UL-DL-ConfigCommon.


It can be observed that the performance benefit to support SBFD operation for UEs in RRC_IDLE state is clear. On the other hand, the UE-to-UE CLI caused by the PRACH/MSG3 in UL subband in SBFD symbols is not different from other UL transmissions such as PUCCH/PUSCH/SRS. Therefore, it is beneficial to extend the support of SBFD operation to UEs in RRC_IDLE state, in addition to UEs in RRC_CONNECTED state.
Proposal 1: Support SBFD operation for UEs in RRC_IDLE state in Rel-19 normative work of duplex evolution, in addition to UEs in RRC_CONNECTED state.
· Dynamic SBFD
The second issue is whether to include dynamic SBFD in the Rel-19 normative work. The evaluations on dynamic SBFD are not many (3 sources) and the results from different companies are divergent. In addition, it was also observed:
	· Dynamic SBFD may increase gNB implementation complexity due to dynamic antenna/panels switching and filters/RF tuning, may incur loss of resources due to transition time, may increase inter-gNB CLI, may increase scheduling complexity, and can result in additional specification impact on top of semi-static SBFD
· UE implementation complexity may be increased if the UE supports dynamic SBFD and dynamic SBFD may result in increased UE-to-UE CLI


Therefore, we suggest dynamic SBFD is not included in the Rel-19 normative work. 
Proposal 2: Dynamic SBFD is not included in Rel-19 normative work of duplex evolution.
· [bookmark: OLE_LINK3]SBFD operation across carriers within one band
In the proposed objectives [3], only SBFD operation within one carrier is included. From deployment perspective, it is beneficial also to support SBFD operation across different carriers especially when the operator has large bandwidth within one band, e.g., 160MHz/200MHz in FR1, 800MHz in FR2. The support of SBFD operation across carriers requires only minor specific standardization change in RAN1. From resource allocation point of view, there is no need to configure subband(s). For CLI handling, the solutions of gNB-gNB CLI handling and UE-UE CLI handling are common for SBFD operation within a carrier and across carriers. The only specification impact is to remove the restriction for half-duplex CA UEs in current specification. 
[bookmark: OLE_LINK12]Proposal 3: Support SBFD operation across carriers within one TDD band in Rel-19 normative work of duplex evolution, in addition to single NR TDD carrier. 
· Further details of “UE transmission and reception behavior and procedures in SBFD symbols and/or non-SBFD symbols”
The current statement “UE transmission and reception and procedures in SBFD symbols and/or non-SBFD symbols” is quite broad and covers almost all aspects that have been discussed in the study item. For Rel-19 normative work, there is no need to include everything. PDCCH enhancement is one example which is not essential but incurs a lot of specification changes and UE implementation complexity. Mapping one physical channel/signal occasion to SBFD and non-SBFD symbols within a slot is another example which incurs quite some implementation complexity with no obvious performance benefit. 
In our view, the following can be included for enhancements for UE transmissions and receptions in SBFD symbols
· Collision handling between DL reception and UL transmission in SBFD symbols
· Frequency domain resource allocation for PDSCH/PUSCH in case of unaligned boundaries between RBG/CSI reporting subband(s) and SBFD subband(s) in SBFD symbols
· Frequency domain resource allocation of PDSCH/CSI-RS across non-contiguous DL subbands in SBFD symbols
Moreover, the following can be included for enhancements for UE transmissions and receptions in SBFD symbols and non-SBFD symbols
· Separate configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, including resources, FH parameters, UL power control parameters and/or beam/spatial relation
For enhancements to 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 options are studied for SBFD-aware UEs and captured in TR38.858:
	· 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


The following observations were captured in section 6.1.2 of TR38.858
	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.


Therefore, there is a need to further discuss the two options in normative work phase, i.e., whether to restrict the transmissions or receptions to SBFD symbols only or non-SBFD symbols only. 
Proposal 4: For Rel-19 normative work, the following can be included for SBFD operation within one carrier
· For enhancements for UE transmissions and receptions in SBFD symbols
· Collision handling between DL reception and UL transmission in SBFD symbols
· [bookmark: _GoBack]Frequency domain resource allocation for PDSCH/PUSCH/CSI reporting in case of unaligned boundaries between RBG/CSI reporting subband(s) and SBFD subband(s) in SBFD symbols
· Frequency domain resource allocation of PDSCH/CSI-RS across non-contiguous DL subbands in SBFD symbols
· For enhancements for UE transmissions and receptions in SBFD symbols and non-SBFD symbols
· Separate configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, including resources, FH parameters, UL power control parameters and/or beam/spatial relation
· Enhancement to 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) including whether or not to restrict the transmissions/receptions to SBFD symbols only or non-SBFD symbols only
[bookmark: OLE_LINK1]Enhancements for CLI handling
Cross-link interference between gNBs and UEs was identified as the major challenges for both SBFD and dynamic/flexible TDD. The candidate solutions for gNB-gNB CLI handling and UE-UE CLI handling were studied even though there is no recommendation on the detailed schemes in TR38.858. Nevertheless, it is essential to include CLI handling schemes, especially gNB-gNB CLI handling schemes in the Rel-19 normative work since it will impact the feasibility of SBFD and/or flexible/dynamic TDD. In another words, it may be risky to claim that SBFD is feasible for macro deployment without the support of gNB-gNB CLI handling schemes. 
[bookmark: OLE_LINK4]Given that there is no recommendation in TR38.858, it seems difficult to agree on the detailed CLI handling scheme(s) for normative work at the moment. To proceed the work on CLI handling, one possible way is to have some further discussion and perform down-selection in RAN1. To maintain focus and avoid broadening the scope, the specific schemes should be selected from those outlined in TR38.858. 
Proposal 5: Specify gNB-gNB co-channel CLI handling and UE-UE co-channel CLI handling for SBFD operation
· Detailed schemes are to be down-selected from those in TR38.858 in normative phase.
[bookmark: OLE_LINK14]Furthermore, it is imperative to leverage the output of the study item, particularly the evaluation results, as a reference in the down-selection process. For selecting which schemes to specify during the WI phase, one possible criteria is to prioritize schemes with more submitted simulation results in the study phase. Besides, it is preferable to prioritize schemes which can not only handle co-channel CLI but also adjacent channel CLI. The reason for this is that according to RAN4 co-existence studies, SBFD UL throughput degradation was observed in case of Macro deployment and high BS Tx power without CLI handling. Finally, when performing evaluation on the candidate schemes, the existing mechanism which can already be supported by current specification should be used a baseline. This approach is instrumental in guiding the focus of RAN1 discussions. Naturally, other principles for sorting the priority of schemes can also be explored and considered during this process.
Proposal 6: To facilitate effective decision-making in normative work phase, companies are encouraged to consider the following principles:
· Prioritize the ones with more submitted simulation results and/or the ones that can handle both co-channel CLI and adjacent channel CLI.
· The existing mechanism which can already be supported by current specification should be used as baseline.
3 Further considerations on CLI handling schemes
Both gNB-gNB CLI handling schemes and UE-UE CLI handling schemes for SBFD and dynamic/flexible TDD were studied in RAN1, including performance evaluation and specification impact.
3.1 gNB-gNB CLI handling schemes
gNB-gNB CLI handling for SBFD
For SBFD, two gNB-gNB CLI handling schemes were proposed, evaluated and captured in TR 38.858.
· Scheme 1: Beam nulling scheme based on steering vector or gNB-gNB channel measurement
· Scheme 2: UL Muting Resource scheme for measuring gNB-to-gNB interference covariance matrix
Scheme 1, which is implemented at the aggressor gNB, can suppress interference to victim gNBs by taking the potential impact to the victim gNBs into account when determining the DL beamforming weights for DL transmissions. This is done by generating nulls to the victim gNBs. Beam nulling is beneficial for SBFD to reduce blocking at the victim gNB side. As illustrated in Figure 2, the average total power received at the gNB without beam nulling and with beam nulling for slot format XXXXX under Urban Macro scenario. It can be observed that beam nulling significantly reduces the deterioration of noise figure at the gNB and solves the blocking problem at the gNB side.
Observation 1: For SBFD without CLI handling, the noise figure of receiver deteriorates severely at gNB side and the gNB receiver may be blocked especially at medium and high load. 
Observation 2: For SBFD with beam nulling, the deterioration of noise figure is reduced significantly, and the blocking issue at gNB side can be solved.

Figure 1. Blocking analysis at gNB side under Urban Macro scenario for SBFD with slot format XXXXX
[bookmark: OLE_LINK15]Scheme 2, which is implemented at the victim gNB, can suppress leakage interference from aggressor gNBs using MMSE-IRC receiver. MMSE-IRC receiver is a typical implementation at Macro base stations. The MMSE-IRC receiver can effectively suppress gNB-gNB CLI in spatial domain, because the state-of-the-art Macro BSs are equipped with a large number of antennas. To ensure that the MMSE-IRC receiver can effectively suppress gNB-gNB CLI, both the UL channel for the desired signal and the spatial characteristics of the interference should be measured accurately. 
To measure the UL channel without being impacted by gNB-gNB CLI, one way is to mute the DL symbol corresponding to UL DMRS. To measure the gNB-gNB interference covariance matrix without being impacted by accuracy of UL channel estimation, it was proposed to define specific UL muting resource for the CLI measurement. Since the UL signal will not be transmitted on these UL muting resources from the UE, and the gNB-gNB interference covariance matrix be accurately measured on these muting resources. For SBFD, the UL resource muting-based scheme is mainly used to suppress the gNB-gNB CLI due to the leakage of DL subband at the aggressor gNBs which cannot be suppressed by beam nulling. 
Note that Scheme 1 and Scheme 2 are complementary to each other since Scheme 1 can effectively reduce gNB blocking while Scheme 2 can efficiently suppress interference due to leakage. For potential Rel-19 normative work, both Scheme 1 and Scheme 2 can be included. Some further analysis on the non-transparent UL Resource Muting-based scheme is provided in the Appendix in section 6. 
gNB-gNB CLI handling for dynamic/flexible TDD
For dynamic/flexible TDD, several gNB-gNB CLI handling schemes are proposed during the SI phase
· Scheme 1: UL Resource Muting-based scheme
· Scheme 2: Coordinated scheduling
· Scheme 3: Spatial domain coordination Scheme for gNB Tx-Beam Nulling
· Scheme 4: Power Control scheme based on gNB Tx Power Adjustment
· Scheme 5: Power Control scheme based on UE Tx Power Adjustment
The proposed schemes were studied and the performance evaluation and specification impact are captured in Section 8.3 of TR 38.858. 
Based on the description and evaluation results, it can be observed that Scheme 1 and Scheme 3 are actually the same as those proposed for SBFD. For some solutions under Scheme 2, no specification impact is identified and it may not be applicable for SBFD. For Scheme 4 and Scheme 5, simulation results show that even though there is gain in UL/DL performance but there is also some performance loss in DL/UL. Therefore, we propose to prioritize Scheme 1 and Scheme 3 in the potential normative work for Rel-19 given that they can be applied for both SBFD and dynamic/flexible TDD. Both of the schemes are evaluated in SBFD and dynamic/flexible TDD scenarios, and have demonstrated performance gains.
Proposal 7: For Rel-19 normative work, prioritize the following gNB-gNB CLI handling schemes
· UL resource muting based scheme for gNB-gNB CLI covariance measurement
· NZP CSI-RS for gNB-gNB channel measurement
3.2 UE-UE CLI handling schemes
In Rel-16, L3-based UE-to-UE CLI measurement and reporting was specified for dynamic/flexible TDD. This scheme can also be used to facilitate coordinated scheduling for SBFD. During the study phase, there was some interest in L1/L2-based UE-to-UE CLI measurement and reporting, which targets to provide shorter term interference measurements and lower report latency. It is important to evaluate whether these gains can be realized in practice, as they come at the cost of increased UE complexity.
The performance comparison between L3 based UE-to-UE CLI measurement and L1/L2 based UE-to-UE CLI measurement was conducted and the evaluation results is captured in section 7.4.3.1 of TR 38.858. In the evaluation, a same coordinated scheduling mechanism is adopted for both L3 based UE-to-UE CLI measurement and L1/L2 based UE-to-UE CLI measurement. DL scheduling is prioritized whenever there is a concurrent UL transmission which generates strong UE-UE co-channel CLI. To mimic L3 based measurement and reporting, only large scale fading is considered. For L1/L2 based measurement and reporting, both large scale and small scale fading are considered. Since the large scale fading does not change in SLS, it is similar to long-term RSRP averaging in practice. For L1/L2 based measurement, it is asumed that each time when scheduling is performed, the instant large scale and small scale fading can be acquired hence it is quite optimistic and can be viewed as an upper bound of L1/L2 based measurement. 
Compared to SBFD without UE-UE CLI handling, both coordinated scheduling based on L3 UE-UE CLI measurement and coordinated scheduling based on L1/L2 UE-UE CLI measurement can achieve better mean DL Average-UPT at the cost of mean UL Average-UPT. However, L3 UE-UE CLI measurement has similar performance compared to L1 UE-UE CLI measurement for all load levels. 
Besides the UE-UE measurement and reporting, power control based solutions were also studied in the SI phase for dynamic/flexible TDD. However, it is shown in TR38.858 that the power control has similar or lower system throughput compared with the baseline. Spatial domain coordination was also studied. However, the evaluation was not conducted during the SI. 
Proposal 8: For Rel-19 normative work, enhancements to UE-UE CLI handling are to be down-selected from the schemes studied in the SI phase, taking Rel-16 UE-UE CLI measurement and reporting as the baseline. 
4 Conclusion
Based on the discussion, we have the following observations:
Observation 1: For SBFD without CLI handling, the noise figure of receiver deteriorates severely at gNB side and the gNB receiver may be blocked especially at medium and high load. 
Observation 2: For SBFD with beam nulling, the deterioration of noise figure is reduced significantly, and the blocking issue at gNB side can be solved.

In addition, we have the following proposals:
Proposal 1: Support SBFD operation for UEs in RRC_IDLE state in Rel-19 normative work of duplex evolution, in addition to UEs in RRC_CONNECTED state.
Proposal 2: Dynamic SBFD is not included in Rel-19 normative work of duplex evolution.
Proposal 3: Support SBFD operation across carriers within one TDD band in Rel-19 normative work of duplex evolution, in addition to single NR TDD carrier. 
Proposal 4: For Rel-19 normative work, the following can be included for SBFD operation within one carrier
· For enhancements for UE transmissions and receptions in SBFD symbols
· Collision handling between DL reception and UL transmission in SBFD symbols
· Frequency domain resource allocation for PDSCH/PUSCH/CSI reporting in case of unaligned boundaries between RBG/CSI reporting subband(s) and SBFD subband(s) in SBFD symbols
· Frequency domain resource allocation of PDSCH/CSI-RS across non-contiguous DL subbands in SBFD symbols
· For enhancements for UE transmissions and receptions in SBFD symbols and non-SBFD symbols
· Separate configurations for SRS, PUCCH and PUSCH on SBFD symbols and non-SBFD symbols, including resources, FH parameters, UL power control parameters and/or beam/spatial relation
· Enhancement to 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) including whether or not to restrict the transmissions/receptions to SBFD symbols only or non-SBFD symbols only
Proposal 5: Specify gNB-gNB co-channel CLI handling and UE-UE co-channel CLI handling for SBFD operation
· Detailed schemes are to be down-selected from those in TR38.858 in normative phase.
Proposal 6: To facilitate effective decision-making in normative work phase, companies are encouraged to consider the following principles:
· Prioritize the ones with more submitted simulation results and/or the ones that can handle both co-channel CLI and adjacent channel CLI.
· The existing mechanism which can already be supported by current specification should be used as baseline.
Proposal 7: For Rel-19 normative work, prioritize the following gNB-gNB CLI handling schemes
· UL resource muting based scheme for gNB-gNB CLI covariance measurement
· NZP CSI-RS for gNB-gNB channel measurement
Proposal 8: For Rel-19 normative work, enhancements to UE-UE CLI handling are to be down-selected from the schemes studied in the SI phase, taking Rel-16 UE-UE CLI measurement and reporting as the baseline.
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6 Appendix
During RAN1 discussion, both transparent UL resource muting-based scheme and non-transparent UL resource muting-based scheme were studied. Performance evaluations are provided in section 7.4.2.2.3 of TR38.858. It is observed that, non-transparent UL resource muting-based IRC has higher mean UL Average-UPT for all load levels due to the larger overhead of muted UL resources assumed for transparent scheme. Both transparent and non-transparent schemes have lower mean DL Average-UPT for all load levels compared to SBFD without gNB-gNB CLI handling due to the overhead from DL symbol muting.
For Scheme 2, PAPR and UE complexity with respect to resource mapping and power control due to UL resource muting were brought up during the Rel-18 study phase but details were not discussed sufficiently. 
For PAPR, when the UL muting resource pattern is comb-like and the total number of combs is 2, then PAPR of the uplink transmission will not be affected as shown in Figure 3.
[image: ]
Figure 3. PAPR of different comb-like patterns for UL muting resources
For the resource mapping, in the current specification, for type 1 DMRS and SRS in frequency domain, the resource mapping is comb-like resource mapping. From the implementation point of view, they are the same. In Rel-16, a low PAPR DMRS was specified, and it is also a comb-like resource mapping for the sequence after DFT operation. 
[image: ]
Figure 4. UL resource muting in current specification and one of the proposed UL resource muting
With respect to power control, the total power of the symbol with UL muting resources can be the same with the other UL symbols, and the phase continuity can be maintained. Therefore, for the uplink muting resource, the comb like resource muting pattern can be considered for simplicity. The uplink symbol with muting resources can be at any symbols in a slot, and it can be fixed to some candidate symbols for simplicity. Overall, there are some design aspects to reduce the complexity and reuse the current UE implementations for UL muting resource while still achieve the uplink coverage gain. 
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