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2.3	Other related Work Items and dependencies
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Dependency on non-3GPP (draft) specification: 
{This section is to be typically used to identify the IETF dependencies. Delete the header "Dependency on non-3GPP (draft) specification:" if no such dependency.}
3	Justification
Earlier mobile communication technologies such as 2G GSM/(E)GPRS were mostly designed for operation in paired spectrum and using FDD. 3G WCDMA/HSPA supports operation in both FDD and TDD modes. GSM UEs transmit and receive using half-duplex FDD. 3G UEs can transmit and receive simultaneously on DL and UL using full-duplex FDD when operating in paired spectrum but transmit and receive in half-duplex when operating in unpaired spectrum.
4G LTE uses one common radio access technology for both FDD mode in paired spectrum and TDD mode in unpaired spectrum. Two different frame structures are supported for FDD and TDD mode respectively, e.g., radio frame structure type 1 and 2. Support for operation in unlicensed spectrum for LTE was introduced beginning in R13. When LBT is required for operation in the unlicensed band, asynchronous TDD mode using frame structure type 3 is employed. LTE UEs employ full-duplex FDD when operating in paired spectrum and transmit and receive in half-duplex in unpaired spectrum. Later LTE releases saw the introduction of half-duplex FDD devices, e.g., eMTC, NB-IoT and half-duplex type 1 and 2.
During initial LTE development, the primary targeted deployment type were wide-area macro cells, e.g. typically employing base station antennas deployed above rooftops. LTE TDD UL-DL frame allocations are static and the same UL-DL allocation is used across cells. For local area deployments using TDD, the number of UEs per cell is typically small, the transmission power of the base station is low and antennas are often wall- or pole-mounted and may be located indoors. The severity of many problematic co-channel and adjacent channel interference scenarios observed in macro cell wide-area TDD networks is often reduced in local area TDD deployments. To better exploit dynamic traffic characteristic observed in small cells, LTE standardized features in support for dynamic TDD operation through R12 eIMTA.  
Similar to LTE, NR supports FDD and TDD modes. For the lower FR1 frequency bands, paired spectrum allocations and FDD are used. In higher FR1 frequency bands, unpaired spectrum allocations are more common and TDD is required. FR2 always requires TDD. Due to the availability and much larger supported NR channel bandwidths in FR2 and the higher FR1 TDD bands around 3.5-5 GHz, the efficient support for unpaired spectrum is even more critical for NR when compared to LTE.  
R15 NR provides much flexibility in terms of the supported duplexing schemes. The basic NR frame structure supports both UE half-duplex operation for TDD and FDD and UE full-duplex operation for FDD. DL and UL allocations can be semi-statically configured or dynamically assigned at slot and symbol level. However, regulatory restrictions to prevent cross-link interference between neighbouring operators deploying TDD exist in many jurisdictions. An UL-DL frame structure resulting in a fixed DL-UL traffic ratio is required in many cases. R15 NR device capabilities limit the number of supported DL/UL switching points.
NR introduced enhancements to handle TDD specific interference scenarios through the R16 WI RIM/CLI. R16 CLI attempts to better control DL-to-UL and UL-to-DL interference through the introduction of UE-side interference measurements and associated reporting and the use of inter-cell coordination based on the Xn interface.
One key benefit of FDD is that both DL and UL can use all available time domain resources to maximize coverage and minimize data or control plane latency. Despite the possibility of allocating different DL and UL bandwidth on the FDD  DL and UL carrier or the use of DL-heavy carrier aggregation, there are limited possibilities in FDD for flexibly re-allocating radio resources to either DL or UL. In TDD, neither DL nor UL have full access to all time domain resources. The UL coverage is reduced and user and control plane latency is increased when compared to an FDD system deployed on the same carrier and using the same power and antenna configuration.
Full-duplex communications offer great potential for improved coverage, increased spectral efficiency and reduced user and control plane latency in NR TDD. When using full-duplex communications, DL and UL are simultaneously transmitted and received by the gNB on either fully or partially overlapping or non-overlapping frequency domain radio resources, thereby improving spectral efficiency and reducing latency for the user and control plane. When DL slots in the UL-DL frame allocation include a frequency-domain sub-band allocation for UL transmissions, UL coverage can be increased through the availability of more UL slots. In addition, HARQ RTT can be reduced. It is possible to avoid the use of narrow-band PUSCH allocations in the full UL slots by re-allocating UL data transmission for cell-edge UEs. When operating in presence of UEs supporting PUSCH resource allocation type 1, this benefits the UL peak rate and achievable UL spectral efficiency due to the avoidance of fragmented UL bandwidth in full UL slots.
The R17 WI eIAB introduces support for FR1 and FR2 duplexing enhancements to increase spectral efficiency and reduce latency through the support of SDM/FDM-based resource management, e.g., through simultaneous transmissions and/or reception on IAB-nodes.
Support for full-duplex communications by the gNB is possible using single carrier or using intra-band carrier aggregation configurations. TDD UEs operating in an NR cell supporting full-duplex scheduling can be half-duplex implementation-based like legacy NR TDD UEs or they can be full-duplex capable.
Full duplex operation is subject to several operational constraints and design challenges in order to be functional in actual TDD deployments. When using overlapping frequency domain radio resources, received signals are subject to co-channel cross-link interference (CLI) and self-interference (SI). CLI and SI cancellation methods include passive methods that rely on isolation between transmit and receive antennas, active methods that utilize RF or digital signal processing, and hybrid methods that use a combination of active and passive methods. Filtering and interference cancellation may be implemented in RF, baseband (BB), or in both RF and BB. While mitigating co-channel CLI may require large complexity at a receiver, feasibility within current technological limits is nowadays in principle achievable at least for the base station. In-band full-duplex support for FR1 on the device side is challenging due to insufficient spatial and EM separation between transmit and receive paths given current device form factors. However, due to the much higher carrier frequencies, the introduction and support of full-duplex operation in FR2 benefits from much smaller antenna panel sizes and greatly reduced spatial separation constraints when compared to FR1.
Another aspect of full-duplex operation is the mitigation of adjacent channel CLI. In many cellular band allocations, different operators own adjacent spectrum blocks. Introduction of full-duplex operation in NR TDD networks must not affect existing deployments in terms of RF channel isolation provided through DL and UL ACLR and ACS and typical co-siting or co-deployment coordination.
Similarly, the introduction of full-duplex support on an NR TDD carrier in either one or a group of cells should be possible while allowing for full functional and operational backwards compatibility with R15-R17 legacy TDD UEs. While allocating a higher ratio of UL slots in a TDD cell or the use of different UL-DL allocations in neighbouring TDD cells always has the potential to impact aggregate cell throughput and other KPIs depending on deployment type and spatial isolation, the introduction of full-duplex support should not result in undue degradation. A TRP using in-band full-duplex operation to schedule devices should be as good a neighbour as a regular TDD TRP in the deployment.
Therefore, an aim of this study is to identify the feasibility, quantify the benefits and operational constraints when introducing support for in-band full-duplex communication in FR1 and FR2 with the goal to provide enhanced coverage, improve the spectral efficiency and reduce the user and control plane latency when compared to existing NR TDD.  

4	Objective
4.1	Objective of SI 
The objective of this study is to identify and evaluate the potential enhancements to support an advanced duplexing scheme in TDD unpaired spectrum in FR1 and FR2. Considering complexity of implementation, in-band full-duplex support is assumed to be provided by the network, but conventional half duplex UE operation is assumed for FR1 in this study. In addition, SDM/FDM-based resource management, e.g., through simultaneous transmissions and/or reception using at least 2 antenna panels depending on the device class may be assumed for the UE in FR2. Specific duplex enhancements for IAB nodes are not in scope of the study. Duplex enhancements for FDD operation using paired spectrum are not in scope of the study.
The detailed objectives are as the followings:
1) Identify applicable and relevant deployment scenarios and use cases in FR1 and FR2 (RAN1)
· Applicable cell layout/channel model/frequency range/antenna configuration, etc.
2) Develop an evaluation methodology for duplex enhancements in FR1 and FR2 (RAN1)
· Identify methodology for various interference and performance evaluations
3) Study potential solutions to enable enhanced duplex mode and identify performance gains in FR1 and FR2 (RAN1)
· Including mechanism to support semi-static and/or dynamic utilization of UL/DL subband in TDD FR1 spectrum
· Including mechanism to enhance interference issues in same/adjacent cell, same/adjacent frequency
4) Study RF coexistence, impacts & constraints, feasibility of self-interference scenarios in FR1 and FR2 (RAN4)
· Study the feasibility for duplex-enhanced gNB and identify impacts to existing and need for additional RF requirements, if any.
· Study the feasibility of UE RF requirements to support enhanced duplex operation, if any.
· Support different UL-DL configurations across different component carriers within a contiguous FR2 spectrum
5) Summarize regulatory status when deploying enhanced duplex mode in TDD bands in FR1 and FR2 (RAN1/4)

4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.

4.3	RAN time budget request (not applicable to RAN5 WIs/SIs)
NOTE:	For all new RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed, then leave the field empty otherwise enter a number >0 in the field.
	For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.
	If this WID is covering Core and Performance part, then please fill out one line for each part in the attached Excel table.
additional comments to the time budget request in the attached Excel table:
5	Expected Output and Time scale
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NOTE:	If this is a RAN WI including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
By default a new specs can only be new for one of both parts.
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