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1. [bookmark: _Toc355779204][bookmark: _Toc354586742][bookmark: _Toc354590101]Introduction
Duplex evolution was studied in Rel-18 in both RAN1 and RAN4, which evaluated the potential benefits of subband non-overlapping full duplex (SBFD) from gNB side, enhancements to dynamic TDD, enhancements needed to support SBFD, and the feasibility/ RF requirements from UE and gNB perspective. The RAN1 conclusions of the study are captured in TR 38.858 [1] and the RAN4 conclusions are captured in the TP endorsed by RAN4 in [2]. 
As discussed in our contribution to RAN #101 meeting [3], SBFD provides gains in scenarios where the gNB Tx power is rather limited, and the dynamic TDD performance can be further improved by gNB-to-gNB CLI mitigation techniques. 
Duplex Evolution is part of the Rel-19 package as shared by the RAN Chairman in RP-232745 [4]. Duplex evolution draft objectives in Rel-19 are listed as follows: 
	· 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 TR 38.858)  
· 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



In this document, Nokia’s views regarding a potential Rel-19 work item on Duplex Evolution are presented. In Section 2, we present our views on the objectives of a work item and we conclude this document in Section 3.

2. Potential WI objectives

In the end of the section 2 we list Nokia’s views on the WI objectives with some modifications highlighted in cyan compared to the potential objectives provided in RAN chair’s summary in [1]. From the RAN chairman slides in [4], there are 3 main potential high-level objectives: the general framework to support SBFD, the CLI handling enhancements and the RAN4, and we discuss each of the areas in detail first. 
2.1 General framework to support SBFD
In our contribution in [3] we presented our detailed view of the general framework to support SBFD, including the following aspects: 
· Signaling for semi-static and dynamic SBFD configuration 
· SBFD collision handling and priority rules between conflicting UL and DL
· Time and frequency resource allocation enhancements for SBFD
· Enhancements to support random procedure in SBFD symbols, including PRACH configuration
From the discussions in RAN#101, we believe that the companies views on the scope of signaling aspects of semi-static SBFD, SBFD collision handling between conflicting UL and DL, and the time and frequency resource allocation enhancements for SBFD are well aligned. However, we would like to add more details on top of the wording shared in the RAN chairman slides (highlighted in cyan on our preferred scope below), such as mentioning the signals and channels to be enhanced as discussed during the SI. 
Other aspects, such as SBFD operation on RRC_IDLE and fallback to TDD are still open and not captured in last meeting’s outcome, and are further discussed:  
Operation in RRC_CONNECTED and RRC_IDLE
First of all, we do not see strong reason for limiting the scope of the upcoming WI to RRC_CONNECTED mode only. As highlighted in our companion contribution [5], PRACH is one of the main bottlenecks in terms of UL performance together with the PUSCH, and using the SBFD slots for initial access, for example by using consecutive slots for msg3, could improve the UL coverage by up to 6dB. Furthermore, it has also been shown during the study item that the initial access delay can be reduced when considering the SBFD symbols for the transmission of PRACH and msg3, and this topic was also supported by many companies in the last RAN meeting [3,6-11], as captured in the moderator summary in [12].
Hence, we think this is an important aspect to be handled in the upcoming WI. Our suggestion is therefore to remove the explicit mention on  RRC_CONNECTED mode only, and instead include initial access as one aspect in which UE behaviour on SBFD symbols is to be specified.
To cover this aspect, we believe that involvement of both RAN1 and RAN2 is necessary in the normative phase.
Observation 1: Enabling initial access in SBFD symbols, by enabling transmissions of PRACH/PUSCH for in SBFD symbols, can increase the PRACH/ msg3 capacity, coverage, as well as reduce initial access delay.
Proposal 1: To include in the objectives of Rel-19 WI initial access in SBFD symbols, including PRACH and PUSCH transmissions.
Fallback to TDD
The second open question is on whether the indication of time location of SBFD subbands to UEs should be semi-static or dynamic. In our view, if the configuration of SBFD is only semi-static and the traffic conditions change in the cell, or the number of UEs that support SBFD in a cell at a given time is reduced, we could incur in the case in which the performance of the SBFD cell could be inferior as compared to a legacy TDD cell. 
This was reflected in some of the simulation results provided in RAN1, where static TDD could outperform SBFD in case of high-load conditions in FR1 Urban Macro scenario. 
Observation 2: In some scenarios, depending on the cell load, static TDD outperforms semi-static SBFD. 
In a semi-static configuration based on RRC, the network would need to update the information in SIB or send a RRC reconfiguration message to all RRC connected UEs in the corresponding cell every time it needs to adjust the frame structure. This process can take up to several hundreds of milliseconds and may additionally require a significant amount of signaling between the network and the UEs.
Observation 3: RRC reconfiguration or SIB updates to disable SBFD operation could result in delays up to hundreds of milliseconds. 
Therefore, we think that providing a way to fallback from the SBFD slot to the type of slot that was originally configured in TDD-UL-DL-ConfigCommon would be beneficial in the situations mentioned above. Note that this fallback operation not only benefits the own-cell performance but may also alleviate temporary adjacent-channel coexistence problems. It is important to clarify that we do not expect this operation to be done with a very short periodicity, such as on a slot-basis, considering the above cases for dynamic SBFD. With this in mind, we suggest adding the fallback-related amendment in the WI description below.
Proposal 2: To include in the objectives of Rel-19 WI the option of a fallback from SBFD configuration to TDD configuration without the need for RRC-reconfiguration (not necessarily per TTI).

2.2 CLI handling enhancements
Dynamic TDD and SBFD operation introduce cross-link interference between gNBs (gNB-to-gNB CLI) and between UEs (UE-to-UE CLI). During the Rel-18 SI, enhancements to existing UE-to-UE CLI measurements and reporting and a new framework for the gNB-to-gNB CLI measurements [and reporting] were studied. 
Moreover, inter-gNB and inter-UE CLI handling schemes were discussed. The focus was on CLI handling schemes applicable to dynamic TDD and SBFD, i.e., intra-subband CLI handling, as well as on schemes specific to SBFD operation, i.e., inter-subband CLI handling. At least the following topics should be discussed during the WI:
· UE-to-UE CLI: layer-1 UE-to-UE CLI measurements and reporting, support for inter-subband CLI measurements, CLI handling schemes.
· gNB-to-gNB CLI: new inter-gNB CLI measurement framework and CLI handling schemes.
The need for CLI mitigation schemes was also motivated by the SLS results collected during the SI phase. Therefore, we think these discussions should continue in RAN1 during the WI phase to enable the full potential of both dynamic TDD and SBFD operation with minimum CLI impact.
We believe that if the UE-to-UE CLI handling framework is being enhanced in RAN1 to manage inter sub-band CLI, RAN4 should also be involved to understand whether this would result in new RRM core requirements, since this case is rather different from the dynamic TDD measurements. Additionally, to enable UE-to-UE and gNB-to-gNB CLI handling schemes that require inter-cell coordination, RAN3 should be involved to address the information exchange between the gNBs. 

2.3 RAN4 Core and Performance requirements
Last but not least, we think it is important to mention explicitly RAN4-related work in terms of Core and Performance requirements. RF requirements are already mentioned in the objectives shared in [4]. SBFD will be implemented only at the gNB in Rel-19, and the study item covered the impact on existing RF requirements, and potential new requirements for SBFD operation. 
Apart from the RF requirements, we believe that the UE-to-UE CLI and gNB-to-gNB handling enhancements might require RAN4 RRM to be involved in the definition of Core and Performance requirements including test cases, depending on the progress in RAN1. 
Finally, in our view, both BS and UE demodulation requirements would be needed to cover the potential enhancements proposed to be discussed in RAN1. 
Observation 4: Apart from RAN4 RF requirements, RRM core and performance requirements, and demodulation requirements are needed, depending on RAN1 discussions on CLI handling enhancements and changes to DL/UL signals and channels frequency allocation and configuration on SBFD and non-SBFD symbols.  
Proposal 3: To include in the objectives of Rel-19 WI RRM core and performance requirements, and UE and gNB demodulation requirements.
Proposal 4: Our update proposals for the WI objectives:
	· WI objectives:
· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier [RAN1, RAN2]
· [Semi-static/dynamic] indication of time location of SBFD subbands to UEs [in RRC_CONNECTED mode]
· Enable fallback to static (legacy) TDD operations at any point of time without the need for RRC-reconfiguration (not necessarily per TTI)
· 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, 
· UE transmission includes PUSCH, PUCCH, SR, SRS and PRACH, PRACH transmission in SBFD symbols for initial access without any specification impact to legacy UE operation. 
· Time and frequency resource allocation: Enhancements to PDSCH, PDCCH, CSI-RS 
· Note: following 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 [RAN1, RAN3, RAN4]:
· 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 [RAN4]
· RF Core requirements for SBFD operation at gNB [RAN4] 
· RF conformance tests for SBFD operation at gNB [RAN4] 
· UE RRM Core and performance requirements, including test cases [RAN4] 
· UE and gNB demodulation requirements [RAN4] 




3. Conclusion
In this document, Nokia’s views on a potential Rel-19 WI scope on Duplex evolution are presented. The following is observed: 
Observation 1: Enabling initial access in SBFD symbols, by enabling transmissions of PRACH/PUSCH for in SBFD symbols, can increase the PRACH/ msg3 capacity, coverage, as well as reduce initial access delay.
Proposal 1: To include in the objectives of Rel-19 WI initial access in SBFD symbols, including PRACH and PUSCH transmissions.
Observation 2: In some scenarios, depending on the cell load, static TDD outperforms semi-static SBFD. 
Observation 3: RRC reconfiguration or SIB updates to disable SBFD operation could result in delays up to hundreds of milliseconds. 
Proposal 2: To include in the objectives of Rel-19 WI the option of a fallback from SBFD configuration to TDD configuration without the need for RRC-reconfiguration (not necessarily per TTI).
 Observation 4: Apart from RAN4 RF requirements, RRM core and performance requirements, and demodulation requirements are needed, depending on RAN1 discussions on CLI handling enhancements and changes to DL/UL signals and channels frequency allocation and configuration on SBFD and non-SBFD symbols.  
Proposal 3: To include in the objectives of Rel-19 WI RRM core and performance requirements, and UE and gNB demodulation requirements.
Proposal 4: Our update proposals for the WI objectives:
	· WI objectives:
· For subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier [RAN1, RAN2]
· [Semi-static/dynamic] indication of time location of SBFD subbands to UEs [in RRC_CONNECTED mode]
· Enable fallback to static (legacy) TDD operations at any point of time without the need for RRC-reconfiguration (not necessarily per TTI)
· 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, 
· UE transmission includes PUSCH, PUCCH, SR, SRS and PRACH, PRACH transmission in SBFD symbols for initial access without any specification impact to legacy UE operation. 
· Time and frequency resource allocation: Enhancements to PDSCH, PDCCH, CSI-RS 
· Note: following 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 [RAN1, RAN3, RAN4]:
· 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 [RAN4]
· RF Core requirements for SBFD operation at gNB [RAN4] 
· RF conformance tests for SBFD operation at gNB [RAN4] 
· UE RRM Core and performance requirements, including test cases [RAN4] 
· UE and gNB demodulation requirements [RAN4] 
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