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1. Introduction
This contribution summarizes the contributions submitted to RAN#101 regarding Rel-19 Duplex Evolution and corresponding discussion in offline sessions during RAN#101.


2. General
At the RAN Rel-19 WS, the endorsed RAN chair’s summary in RWS-230488 captures followings for Duplex Evolution.
	· Normative work is expected after the successful completion of the Rel-18 SI
· Expect to focus on non-overlapped Sub-band Full-Duplex (SBFD) at gNB and cross-link-interference (CLI) related areas, based on the study outcome
· Is there a strong need to have a parallel study extending to other cases? 
· E.g., UE side non-overlapped full-duplex, gNB overlapped SBFD, etc.



At the RAN1#114 meeting, the RAN1 part of the Rel-18 SI on Duplex Evolution was completed and the RAN1 part of the TR38.858 was endorsed.
At the RAN#101 meeting, there are 27 contributions in AI 8A.2.3 and 15 contributions in AI 8A.1 mentioning “Duplex Evolution” as listed in Section 5.
Based on the contributions, the moderator could observe followings.
<General>
· Almost all companies submitting the contributions on “Duplex Evolution” consider that RAN1-led “Duplex Evolution” WI should be a part of Rel-19 package. 
· There is one company arguing that SI on UE non-overlapping Full Duplex in Rel-19 is a necessary companion to “Duplex Evolution” WI in Rel-19 which is for gNB non-overlapping Full Duplex [25, 40]. In addition, there is another company who also proposes to have SI on UE side SBFD in Rel-19 in parallel with WI on gNB side SBFD [18].
· On the other hand, there are several other companies explicitly arguing that there is no need to have a parallel study extending to other cases such as UE side SBFD in Rel-19 mainly concerning the potential impact to overall Rel-19 package/timeline [6, 15, 23, 24].
· There are several contributions providing their TU estimates for potential Duplex Evolution WI in Rel-19, and all TU estimates seem to be aligned that Duplex Evolution WI requires about 2 TU per RAN1 meeting and about 0.25-0.5 TU per RAN3 meeting, while TU estimates for RAN2/RAN4 are bit divergent such as 0.5-1 TU per RAN2 meeting and 0.5-2 TU per RAN4 meeting.
· Although there is majority support to have Duplex Evolution WI in Rel-19, there are some potential concerns from coexistence/performance perspective according to Rel-18 SI outcome and hence there are some proposals to limit the scope of potential Duplex Evolution WI in Rel-19, e.g., to prevent SBFD operation in UL symbol/slot [1, 24]

<SBFD>
· Almost all companies considering “Duplex Evolution” WI propose to specify SBFD operation at gNB in Rel-19 according to the outcome of the Rel-18 SI.
· Following potential objectives seem to be considered as minimum necessary components for SBFD operation at gNB by majority.
· Semi-static configuration (such as time and frequency domain locations) of SBFD subbands within a TDD carrier for connected UE
· Enhancements for UE transmission and reception behavior/procedure in SBFD symbols and/or non-SBFD symbols
· Including DL/UL collision handling in SBFD symbols
· RF requirements for SBFD operation at gNB
· There are different views among companies on following points.
· Whether to support dynamic SBFD in addition to semi-static SBFD
· 6 companies are supportive of dynamic SBFD [6, 8, 10, 11, 18, 20]
· 2 companies consider further study is necessary for dynamic SBFD [7, 26]
· 15 companies are NOT supportive of dynamic SBFD [1, 2, 4, 5, 9, 13, 14, 15, 17, 19, 21, 24]
· Whether to support random access using SBFD subbands for idle/inactive UE
· 7 companies are supportive of random access using SBFD subbands for idle/inactive UE in addition to connected UE [3, 10, 11, 12, 14, 17, 18]
· 3 companies consider further study is necessary for random access using SBFD subbands for idle/inactive UE [7, 13, 26]
· 8 companies are NOT supportive of SBFD for idle/inactive UE [2, 4, 5, 6, 8, 16, 19, 21, 24]
· 2 companies explicitly mention that they are supportive of random access using SBFD subbands for connected UE [8, 15]
· Whether to include enhancements for gNB self-interference (due to time misalignment at gNB between UL receptions and DL transmission) handling in the scope
· 3 companies are supportive to include it in the scope [10, 11, 19]
· Majority does not mention about it in their proposed scopes.
· Whether to include inter-carrier SBFD operation (CA-based SBFD) for FR2 in the scope
· Almost all companies do not mention about it, and they would consider only SBFD operation within a carrier as the scope of Rel-19 Duplex Evolution WI
· 2 companies explicitly mention that there may be several small enhancements for inter-carrier SBFD operation [11, 13]
· 1 company explicitly mentions that Rel-19 Duplex Evolution WI should target both FR1 and FR2 [24].
· Whether there is any impact on RRM requirements
· 1 company explicitly mention about RRM requirements (if any) in the proposed scope [13]

<CLI handling>
· Majority of companies considering “Duplex Evolution” WI proposes to specify enhancements for CLI handling in Rel-19 according to the outcome of the Rel-18 SI.
· There are different views among companies on following points.
· Whether the enhancements for CLI handling in Rel-19 considers dynamic/flexible TDD in addition to semi-static SBFD operation at gNB
· 15 companies are supportive to consider dynamic/flexible TDD [2, 3, 4, 5, 7, 8, 9, 10, 15, 17, 18, 20, 22, 26, 27]
· 3 companies explicitly mention that (only) common solutions with SBFD can be applied to dynamic/flexible TDD [2, 5, 9]
· 7 companies would NOT be supportive to consider dynamic/flexible TDD [1, 6, 19, 21]
· 1 company mentions that it can be considered as second priority [6]
· Whether the enhancements for CLI handling in Rel-19 considers both gNB-to-gNB CLI handling and UE-to-UE CLI handling or certain prioritization (e.g., only one of them)
· 14 companies are supportive to include enhancements for both gNB-to-gNB CLI handling and UE-to-UE CLI handling [4, 7, 8, 10, 11, 13, 14, 15, 16, 17, 18, 20, 21, 27]
· 5 companies are supportive to include enhancements only for gNB-to-gNB CLI handling or prioritizing over UE-to-UE CLI handling [3, 6, 9, 22, 24]
· 2 companies are supportive to consider enhancements for UE-to-UE CLI handling or prioritizing over gNB-to-gNB CLI handling [2, 26]


3. Potential Justification/Scopes Based on Submitted Contributions
Based on the summary of contributions in Section 2, following potential justification and scopes for Rel-19 Duplex Evolution are provided by the moderator.
<Potential Justification>
TDD is widely used in commercial NR deployments. In TDD, the time domain resource is split between downlink and uplink. Allocation of a limited time duration for the uplink in TDD would result in reduced coverage, increased latency and reduced capacity. As a possible enhancement on this limitation of the conventional TDD operation, the feasibility of allowing the simultaneous existence of downlink and uplink, a.k.a. full duplex, or more specifically, subband non-overlapping full duplex at the gNB side within a conventional TDD band has been studied in Rel-18.	Comment by Hiroki Harada (原田 浩樹): Based on Justification of Rel-18 SI on Duplex Evolution
The NR TDD specifications allow the dynamic/flexible allocation of downlink and uplink in time and CLI handling and RIM for NR were introduced in Rel-16. Nevertheless, further study for CLI handling between the gNBs of the same or different operators to enable the dynamic/flexible TDD in commercial networks, where the inter-gNB CLI may be due to either adjacent-channel CLI or co-channel-CLI, or both, depending on the deployment scenario, has been performed in Rel-18. 
Based on the Rel-18 SI on evolution of NR duplex operation, evaluation results on feasibility and performance gain of potential techniques for the evolution of NR duplex operation were summarized in TR 38.858. According to the conclusion in the TR, it is worth specifying necessary enhancements for subband non-overlapping full duplex operation at the gNB side within a TDD carrier in Rel-19. [xxx]	Comment by Hiroki Harada (原田 浩樹): Depending on the outcome of the discussion on potential scopes, e.g., whether study on UE side SBFD is included or not, whether enhancements specific for dynamic/flexible TDD are included or not

<Potential Scopes for Rel-19 Duplex Evolution WI>
· Introduce mechanisms and requirements for subband non-overlapping full duplex (SBFD) operation at gNB side within a TDD carrier (RAN1, [RAN2, RAN3,] RAN4)
· [Semi-static] Indication of time and frequency domain locations of SBFD subbands to UEs [in RRC_CONNECTED mode]
· UE transmission and reception behavior and procedures in SBFD symbols and/or non-SBFD symbols
· RF [and RRM (if any)] requirements for SBFD operation at gNB side
· 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
· [Mechanisms/enhancements captured in TR 38.858 are considered as a starting point]
· [Applicability only for scenarios RAN4 concluded as feasible]
· [Study and if necessary] specify enhancements for [gNB-to-gNB CLI handling and UE-to-UE CLI handling] [at least for SBFD operation at gNB] (RAN1, [RAN2, RAN3])
· [The gNB-to-gNB co-channel CLI handling schemes and UE-to-UE co-channel CLI handling schemes captured in TR 38.858 are considered as a starting point]
· [Note that CLI handling schemes commonly applicable to both SBFD operation and dynamic/flexible TDD operation are prioritized]
· [Study and if necessary specify mechanisms to enable dynamic SBFD operation at gNB side within a TDD carrier (RAN1, [RAN4])]
· [Study and if necessary specify mechanisms for UEs in RRC_IDLE/INACTIVE modes with SBFD operation at gNB side within a TDD carrier (RAN1, [RAN2, RAN4])]
· [Study and if necessary specify mechanisms for handling self-interference due to time misalignment in SBFD operation at gNB side within a TDD carrier (RAN1, [RAN4])]
· [Study and if necessary specify mechanisms for SBFD operation across component carriers (RAN1, [RAN2, RAN3, RAN4])]

<Potential Scopes for Rel-19 Duplex Evolution SI>
· [Study non-overlapping full duplex (SBFD) operation at UE side (RAN1, RAN4)]
· [Identify applicable and relevant deployment scenarios and device types]
· [Identify possible schemes for SBFD at UE side and evaluate their feasibility and performance]
· [Study following advanced mechanisms/scenarios for non-overlapping full duplex (SBFD) operation at gNB side (RAN1, [RAN2, RAN4])]
· [dynamic SBFD operation at gNB side within a TDD carrier]
· [UEs in RRC_IDLE/INACTIVE modes with SBFD operation at gNB side within a TDD carrier]
· [handling self-interference due to time misalignment in SBFD operation at gNB side within a TDD carrier]
· [SBFD operation across component carriers]


4. Summary
At RAN#101, following points were discussed during the offline drafting session on Monday 11th September.

· Whether to have parallel SI on UE side SBFD operation with normative work on gNB side SBFD operation?
· Majority of companies do not prefer to have parallel SI on UE side SBFD operation 
· There is a suggestion that the study on UE side SBFD can be started in later phase of Rel-19 if normative work on gNB side SBFD can be completed before the end of Rel-19

· Potential normative work on gNB side SBFD operation within a TDD carrier should include at least following points that can be considered as starting point for WID objective discussion
· Indication of time and frequency domain locations of SBFD subbands to UEs
· UE transmission and reception behavior and procedures in SBFD symbols and/or non-SBFD symbols related to SBFD operation at gNB
· RF requirements for SBFD operation at gNB
· Above is just general description, and for WID objective descriptions, some clarifications would be necessary.
· Regarding “semi-static configuration” of frequency domain locations of SBFD subbands, “semi-static configuration” of frequency domain locations of SBFD sub-bands is anyway necessary.
· At least adjacent channel coexistence between two operators should be considered as a minimum.

· Whether normative work on Duplex evolution in Rel-19 should include at least either gNB-to-gNB co-channel CLI handling or UE-to-UE co-channel CLI handling?
· There are divergent views on minimum necessary objective related to co-channel CLI handling for Rel-19 Duplex Evolution WI.


5. References
Contributions in AI 8A.2.3
	
	TDoc
	Title
	Source

	[1]
	RP-231543
	WID Considerations on SBFD
	Charter Communications Inc., CableLabs, Ericsson, Spark, Vodafone

	[2]
	RP-231552
	Views on scope for NR Duplex evolution in Rel-19
	Qualcomm Incorporated

	[3]
	RP-231573
	Consideration on NR Rel-19 Duplex Evolution
	New H3C Technologies Co., Ltd.

	[4]
	RP-231587
	Deutsche Telekom’s Duplex Evolution objectives
	Deutsche Telekom AG

	[5]
	RP-231773
	Discussion on Rel19 duplex
	OPPO

	[6]
	RP-231791
	Rel-19 Duplex Evolution (RAN1-led)
	vivo

	[7]
	RP-231853
	Duplex evolution in Rel-19
	Spreadtrum Communications

	[8]
	RP-231868
	NR Duplex Enhancements
	NEC

	[9]
	RP-231929
	Duplexing evolution in Rel-19
	Huawei, HiSilicon

	[10]
	RP-231964
	Views on Rel-19 Duplex Evolution 
	Nokia, Nokia Shanghai Bell

	[11]
	RP-231984
	Duplex Evolution for Rel-19
	InterDigital, Inc.

	[12]
	RP-232013
	On random access coverage enhancement in R19 Duplex evolution
	SK Telecom

	[13]
	RP-232023
	Samsung's views on scope of Duplex Evolution
	Samsung

	[14]
	RP-232060
	Duplex evolution in Rel-19
	CATT

	[15]
	RP-232074
	Views on Rel-19 evolution of NR duplex operation
	NTT DOCOMO, INC.

	[16]
	RP-232094
	Views On Duplex Evolution in R19
	Apple Inc.

	[17]
	RP-232179
	Views on evolution of NR duplex operation in Rel-19
	ZTE, Sanechips

	[18]
	RP-232187
	Duplex Evolution in Rel-19
	Lenovo

	[19]
	RP-232191
	Duplex Evolution in Rel-19
	Fujitsu Limited

	[20]
	RP-232194
	Proposal on duplex evolution in Rel-19
	LG Electronics

	[21]
	RP-232205
	WI on Rel-19 NR duplex evolution
	China Mobile International Ltd

	[22]
	RP-232267
	NR duplex evolution for Rel-19
	China Telecom, ZTE

	[23]
	RP-232280
	Views on Duplex evolution in Rel-19
	Beijing Xiaomi Mobile Software

	[24]
	RP-232291
	Views on Duplex Evolution
	Ericsson Telecomunicazioni SpA

	[25]
	RP-232321
	[RAN1-led] Update on Duplex Evolution
	MediaTek Inc.

	[26]
	RP-232562
	Discussion on Rel-19 Duplex Evolution
	Intel Corporation

	[27]
	RP-232578
	Duplex Evolution
	CEWiT



Contributions in AI 8A.1 mentioning “Duplex Evolution”
	
	TDoc
	Title
	Source

	[28]
	RP-231584
	Things we should not do !
	Deutsche Telekom AG

	[29]
	RP-231749
	Overview on RAN Rel-19
	Apple

	[30]
	RP-231753
	Nokia's views and priorities for Release 19
	Nokia, Nokia Shanghai Bell

	[31]
	RP-231758
	General views on Rel-19 RAN package
	Qualcomm India Pvt Ltd

	[32]
	RP-231934
	General views on Rel-19
	Huawei, HiSilicon

	[33]
	RP-231940
	Overview of Rel-19
	Ericsson

	[34]
	RP-231972
	On Rel-19 Package
	SHARP Corporation

	[35]
	RP-231981
	Views on Rel-19 RAN scope
	InterDigital, Inc.

	[36]
	RP-232042
	Views on Rel-19 RAN scope
	Panasonic

	[37]
	RP-232071
	Overview on Release 19
	NTT DOCOMO, INC.

	[38]
	RP-232289
	General view on Rel-19 Handling
	Rakuten Mobile, Inc

	[39]
	RP-232297
	Overview of RAN Release 19
	ZTE, Sanechips

	[40]
	RP-232317
	MediaTek Views on Rel-19 (Updated)
	MediaTek Inc.

	[41]
	RP-232533
	General views on R19 scope and size
	VODAFONE Group Plc

	[42]
	RP-232556
	Overview of Rel-19 content
	Intel Corporation

	[43]
	RP-232593
	An MNO agreeable RAN Rel-19 package
	Deutsche Telekom, Telenor, Telecom Italia, BT, Telefonica 



- 11/107 -
