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1. Introduction
During Rel-18 workshop, evolution of duplex operation is included in the meeting summary as one of separate topics for further discussion [1].
	· 11. Evolution of duplex operation, with the following example areas:
· Deployment scenarios, including duplex mode (TDD only?)
· Interference management



In this contribution, we provide our considerations and analysis for duplex operation in Rel-18.
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
2.1 Overall view
Full duplex has gained lots of interests from different companies during Rel-18 workshop. Full duplex is a long term evolution technology, which requires a long study phase as well to study its feasibility, potential gain and potential solutions. From this perspective, a study item for duplex operation is more appropriate than a work item in Rel-18, such that companies can conduct more comprehensive studies for this new technology.
Study of full duplex requires lots of RAN4 expertise. RAN4 needs to evaluate and identify different kinds of isolation, requirements for different kinds of isolation and RF coexistence issues. In addition to that, RAN4 also needs to consider different regulator status. All kinds of interferences, e.g., inter-UE, inter-gNB, intra-gNB, etc, also requires RAN1 and RAN4 involvement. Thus, it is crucial to have RAN4 early involvement for this SI.
Network information coordination is one of the most attractive solutions for interference mitigation and interference cancellation. To study the potential requirements and potential impacts to network information coordination, especially for inter-vendor coordination, it is beneficial if RAN3 is involved in this study item.
Proposal 1: If full duplex is included as one item in Rel-18, make it as a study item rather than work item and conduct study with early RAN4 involvement and RAN3 involvement.
Based on the companies’ contribution during Rel-18 workshop, the potential use cases of full duplex are latency reduction, coverage enhancements and spectrum efficiency improvement. During the email discussion [RAN93e-R18Prep-11] [2], moderator made the following summary. In this summary, the use cases for full duplex are missing. Since the study and simulation methodologies for different use cases may be different, it is crucial to make the use cases for full duplex clear. From our perspective, all the three use cases should be considered in study phase, i.e., latency reduction, coverage enhancements and spectrum efficiency improvement.
	1. Rel-18 work plan:
[Non-controversial] Study should be performed first.
[Controversial] Planning of potential follow-up normative work. Continue discussion.
2. Duplex mode:
[Non-controversial] TDD is included in the scope.
[Controversial] Whether FDD will be included in the scope. Continue discussion.
3. Duplex enhancement at gNB only?:
[Non-controversial] Duplex enhancement at gNB is included in the scope.
[Controversial] Whether duplex enhancement at UE will be included in the scope. Continue discussion.
4. [Controversial] Duplex enhancement approaches:
Continue discussion whether all of the three identified full duplex schemes (subband non-overlapping, subband overlapping, full overlapping) or a subset of them should be studied.
Continue discussion about the need for CLI enhancement on dynamic/flexible TDD.
5. [Non-controversial] Interference management: Organize the study as follows.
Study inter-gNB and inter-UE CLI and identify solutions to manage them [RAN1]
Study RF requirements considering the self-interference and the inter-operator CLI at gNB [RAN4]
Study co-channel and adjacent-channel co-existence with the legacy operation [RAN1/4]. Continue discussion how to organize interaction between RAN1 and RAN4.
6. [Controversial] Deployment scenarios: Continue discussion aiming to narrow down the deployment scenarios to be considered.
7. [Controversial] Frequency range: There was not much discussion on which frequency ranges have to be considered. Continue discussion on the frequency range to be considered.




Proposal 2: Rel-18 evolution of duplex operation studies at least the following use cases, i.e., latency reduction, coverage enhancements and spectrum efficiency improvement.
Currently, NR has already supported flexible slot format configuration and UE-specific slot formation configuration. For example, as shown in Figure 1 below, network can configure a cell-specific slot format with all flexible symbols for a cell. Then, network configures DSUUU for UE-1 and configures DDDSU for UE-2 via UE-specific TDD configuration in the same cell. In this case, network can already support full duplex in slot#2 and slot#7 already. Full duplex operation should also takes this into account and figure out what needs to be further enhanced or updated on top of the existing mechanism.
[image: ]
Figure 1: Flexible slot format configuration.
The potential gain of full duplex is latency reduction, coverage enhancement and spectrum efficiency improvement. There are already lots of already specified technologies that can serve the same purpose. For example, TDD carriers with unaligned frame boundary CA can form complementary TDD configuration to reduce the latency, technologies specified via Rel-17 CE WI can be used to improve coverage. When conducting research for full duplex, we should take the existing technologies as a baseline and identify the potential additional gain of supporting full duplex on top these existing technologies.
Proposal 3: Full duplex study should take at least the following existing technologies into account and identify the potential additional gain of supporting full duplex on top these existing technologies.
1. Flexible slot format configuration e.g., SFI, UE-specific TDD configuration
2. Existing technologies for latency reduction, coverage enhancement and spectrum efficiency improvement.

2.2 Deployment scenarios
During the email discussion [RAN93e-R18Prep-11], the following deployment scenarios are mentioned by companies, i.e., Macro, Micro, IAB, Hetnet, Small Cell, and Indoor Hotspot [2]. From our perspective, since full duplex is a brand new technology for NR and is probably a new marker for 5G-adv, it is crucial for 3GPP to conduct comprehensive studies for it to identify its potential use cases, potential scenarios, potential gain and potential solutions. All these outcomes can be reference for future use and future deployment. From this aspect, all these scenarios should be taken into account.
In each of the above scenarios, there can be at least the following simulation cases, i.e., baseline, flexible TDD configuration, full overlapping full duplex, sub-band full duplex and full duplex for isolated cell. All these combinations of deployment scenarios and simulation cases need to be further studied.
	Case
	Description

	Case1
	Baseline (no full duplex, no flexible TDD configuration)
· No full duplex, same TDD configuration among cells
· Only normal DL-DL link and UL-UL link interference are considered

	Case2
	Flexible TDD configuration 
· No full duplex, different TDD configurations among cells
· Inter-cell CLI from DL-UL link and UL-DL link is considered
· Normal DL-DL link and UL-UL link interference are considered.
· No self-interference

	Case3
	Case 3-1
	Full overlapping full duplex
· Self-interference is considered.
· Intra-cell CLI from DL-UL link and UL-DL link is considered.
· Inter-cell CLI from DL-UL link and UL-DL link is considered.
· Normal DL-DL link and UL-UL link interference are considered.

	
	Case 3-2
	Sub-band full duplex
· Adjacent channel self-interference is considered.
· Adjacent channel intra-cell CLI from DL-UL link and UL-DL link is considered.
· Adjacent channel inter-cell CLI from DL-UL link and UL-DL link is considered.
· Normal DL-DL link and UL-UL link interference are considered.
· ACIR (Adjacent Channel Interference Ratio) in 38.828 needs to be considered.

	
	Case 3-3
	Full duplex for isolated cell
· Self-interference is considered.
· Intra-cell CLI from DL-UL link and UL-DL link is considered.



Proposal 4: Evolution of full duplex studies the following deployment scenarios and simulation case.
Deployment scenario: Macro, Micro, IAB, Hetnet, Small Cell, and Indoor Hotspot
Simulation case: Baseline, flexible TDD configuration, full overlapping full duplex, sub-band full duplex and full duplex for isolated cell
2.3 Duplex enhancement
During email discussion [RAN93e-R18Prep-11], one controversial issue whether to study full duplex at UE side [2]. Based on the discussion, FR2 CPE may be one of the interesting real use cases for full duplex. It is suggested to include full duplex at UE side in the study item to have the whole big picture of full duplex system. If full duplex at UE side is feasible and provides lots of gain, then we can take it on to WI. If it is not feasible or the gain is not so attractive, we can leave it.
Another controversial point is whether to study all the three full duplex schemes, i.e., subband non-overlapping, subband overlapping, full overlapping. Similarly, it is proposed to study all the three full duplex schemes to have a whole picture of full duplex as early as possible.
Also, as discussed in Section 2.1, flexible TDD configuration can also achieve full duplex operation at network side to some extent. CLI enhancements on existing flexible TDD configuration should also be studied is this study item.
Proposal 5: Include the following into the study item of evolution of full duplex
1. Full duplex at UE side
2. All the three full duplex schemes i.e., subband non-overlapping, subband overlapping, full overlapping.
3. Enhancements for the existing flexible TDD configuration
2.4 Interference management
A Work Item NR_CLI_RIM has been conducted and closed in Rel-16. An IE Intended UP link Down link TDD pattern has been specified in XnAP and F1AP. However, due to concern on signalling overhead, SRS resource information exchange between nodes was not able to be standardized in Rel-16. In this contribution, the motivation of new work item regarding cross link interference towards Rel-18 is elaborated. 
For Rel-16, the inter-cell interference (both UE-UE interference, gNB-gNB interference) is due to the misalignment of TDD pattern, for example, in the following figure, UE1 is receiving DL signal/channel while UE2 is transmitting UL signal/channel. The UL transmission of UE2 interferes the DL reception of UE1. This is UE-UE interference considered in Rel-16 CLI. While similar interference would occur between gNB1 and gNB2.
[image: ]
In order to mitigate the interference, RAN1 agreed to introduce Intended Uplink Downlink TDD pattern to exchange between node. RAN3 checked the feasibility of the new feature and introduced it into specifications.
In Rel-16, RAN2 agreed to introduce new measurement object for CLI measurement containing measurement resources for CLI-RSSI and SRS-RSRP. SRS-RSRP measurement resource for CLI within the measurement object indicates the SRS information on which the UE needs to do the SRS-RSRP measurements for CLI. These SRS resources correspond to the SRS resources assigned to some aggressor UE in neighboring cells for uplink transmission. For serving cell to configure this information in the measurement object, serving gNB needs to coordinate with neighboring nodes on the SRS resource configuration of UE used for the uplink transmission. However, due to concern on signalling overhead, RAN3 did not achieve agreement and decided not to standardize exchange information of SRS resource in Rel-16.
When considering feature to be normative in Rel-18, we believe further enhancement needs to continue on cross link interference. The first reason is with the large-scale deployment of 5G network in R16-17, the CLI problem will become more and more serious. With semi-static solution (Intended Uplink/Downlink TDD pattern) and implementation solution for measurement result (SRS Resource exchange) would not be able to meet the challenge of network situation in Rel-18. Second reason is for new feature in Rel-18. One preeminent feature in Rel-18 is XR.
XR is one vertical use case (with large DL packet) which requires both stringent PDB (packet delay budget) and high reliability, while the inter-cell interference would impact the CSI measurement accuracy and the scheduling strategies including MCS, etc, which would finally degrade the reliable transmission of data packet. The current specification for CLI cannot meet the requirement of XR.
In addition, another possible feature is going to be discussed in Rel-18 is to support full duplex. For full duplex, each cell would have DL and UL transmission simultaneously, as shown in the following figure. Hence, UE-UE interference, and gNB-gNB interference would occur more often, and is more difficult to mitigate.  Even though it can be restricted to subband full duplex in the initial stage, dynamic TDD should be assumed at least for small cells in order to obtain full gain of duplexing flexibility.   In such cases, cross-link interference coordination will become more important to ensure the gain obtained from subband full duplex.  Also, it is more desirable to standardize this kind of coordination so that it can be applicable to more scenarios. 
[image: ]
Based on above, more information exchange between NG-RAN node to mitigate the CLI issue is necessary. Although this work is mostly done in RAN3, coordination with RAN1 and RAN2 is needed. 
Therefore, from our view, the following information can be taken into account in RAN3 for normative work in Rel-18:
1: SRS resource information exchange (Measurement resource exchange).
2: Measurement report information: exchange of measurement results and identified aggressor and/or victim UEs.
3: Protected zone information: exchange of resources (in frequency and time) which should be protected from CLI.
4: Intended beam scheduling information: exchange of beam-specific information of aggressor UEs (e.g., UE’s Tx beam index, set of RBs, and slot index) 
5: Scheduling information : exchange of resource allocation and scheduling, based on exchanged resource allocation and scheduling decisions, a gNB could avoid scheduling a victim UE on the same time-frequency resource as its aggressor UE, and vice versa.
6: Transmit power information: exchange of power control parameters (e.g., power backoff level, power boosting level, number of symbols) for coordinate power of aggressor UE and/or victim UEs by reducing and/or boosting Tx power.
7: CLI sensitivity vector, e.g., indication of the sensitivity level of the interfered slots.
Proposal 6: The following information can be taken into account for cross link interference coordination in Rel-18.  The information includes:
1: SRS resource exchange (Measurement resource exchange)
2: Measurement report information
3: Protected zone information
4: Intended beam scheduling information
5: Scheduling information
6: Transmit power information
7: CLI sensitivity vector

[bookmark: _Toc423020279][bookmark: _Toc423020296][bookmark: _Toc423019950]3. Conclusion
In this document, we present our analysis and views on the potential Rel-18 study item of full duplex with the following observation and proposals.
Proposal 1: If full duplex is included as one item in Rel-18, make it as a study item rather than work item and conduct study with early RAN4 involvement and RAN3 involvement.
Proposal 2: Rel-18 evolution of duplex operation studies at least the following use cases, i.e., latency reduction, coverage enhancements and spectrum efficiency improvement.
Proposal 3: Full duplex study should take at least the following existing technologies into account and identify the potential additional gain of supporting full duplex on top these existing technologies.
1. Flexible slot format configuration e.g., SFI, UE-specific TDD configuration
2. Existing technologies for latency reduction, coverage enhancement and spectrum efficiency improvement.
Proposal 4: Evolution of full duplex studies the following deployment scenarios and simulation case.
Deployment scenario: Macro, Micro, IAB, Hetnet, Small Cell, and Indoor Hotspot
Simulation case: Baseline, flexible TDD configuration, full overlapping full duplex, sub-band full duplex and full duplex for isolated cell
Proposal 5: Include the following into the study item of evolution of full duplex
1. Full duplex at UE side
2. All the three full duplex schemes i.e., subband non-overlapping, subband overlapping, full overlapping.
3. Enhancements for the existing flexible TDD configuration
Proposal 6: The following information can be taken into account for cross link interference coordination in Rel-18.  The information includes:
1: SRS resource exchange (Measurement resource exchange)
2: Measurement report information
3: Protected zone information
4: Intended beam scheduling information
5: Scheduling information
6: Transmit power information
7: CLI sensitivity vector
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