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1 Introduction
At RAN#94-e, a new SI on evolution of NR duplex operation was approved [1], to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum.
In this contribution, we provide an overview on the RAN4 objective.
2 Discussion
2.1	Objective of SI 
[bookmark: _Hlk89819652]The objective of this study is to identify and evaluate the potential enhancements to support duplex evolution for NR TDD in unpaired spectrum.

In this study, the followings are assumed:
1. Duplex enhancement at the gNB side
1. Half duplex operation at the UE side
1. No restriction on frequency ranges

The detailed objectives are as follows:
· Identify applicable and relevant deployment scenarios (RAN1).
· Develop evaluation methodology for duplex enhancement (RAN1).
· [bookmark: _Hlk89796625]Study the subband non-overlapping full duplex and potential enhancements on dynamic/flexible TDD (RAN1, RAN4).
· Identify possible schemes and evaluate their feasibility and performances (RAN1).
· Study inter-gNB and inter-UE CLI handling and identify solutions to manage them (RAN1). 
· Consider intra-subband CLI and inter-subband CLI in case of the subband non-overlapping full duplex.
· Study the performance of the identified schemes as well as the impact on legacy operation assuming their co-existence in co-channel and adjacent channels (RAN1).
· Study the feasibility of and impact on RF requirements considering adjacent-channel co-existence with the legacy operation (RAN4).
· Study the feasibility of and impact on RF requirements considering the self-interference, the inter-subband CLI, and the inter-operator CLI at gNB and the inter-subband CLI and inter-operator CLI at UE (RAN4).
· Note: RAN4 should be involved early to provide necessary information to RAN1 as needed and to study the feasibility aspects due to high impact in antenna/RF and algorithm design, which include antenna isolation, TX IM suppression in the RX part, filtering and digital interference suppression.
· Summarize the regulatory aspects that have to be considered for deploying the identified duplex enhancements in TDD unpaired spectrum (RAN4).

Note: For potential enhancements on dynamic/flexible TDD, utilize the outcome of discussion in Rel-15 and Rel-16 while avoiding the repetition of the same discussion. 
2.2	overview
From the SID, the main tasks for RAN4 are feasibility study, the impact to RF requirements and considerations on the regulatory aspects on the concerned deployment cases. In RAN1#109-e [2], on deployment scenarios, following agreements were made.
	Agreement
For discussion purpose for evaluation, define the following deployment cases for SBFD:
· Deployment Case 1 (Non-coexistence case with single SBFD subband configuration): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation with the same SBFD subband configuration.
· Deployment Case 2 (Non-coexistence case with multiple SBFD subband configurations): One single operator using one single carrier is considered. All the cells belonging to the operator use SBFD operation, but different cells may use different SBFD subband configurations.
· Deployment Case 3 (Co-channel co-existence case): One single operator using one single carrier is considered. Among the cells belonging to the operator, some of them use legacy TDD operation (static TDD operation) while the others use SBFD operation with the same SBFD subband configuration.
· Deployment Case 3-1: Only 1-layer is considered 
· Deployment Case 3-2: 2-layer is considered
· Deployment Case 4 (Adjacent-channel co-existence case): Two operators each using one carrier are considered and the two carriers are adjacent carriers. One operator uses legacy TDD operation (static TDD operation) while the other operator uses SBFD operation with the same SBFD subband configuration.
Note: This definition has no intention to preclude any potential solutions for SBFD in AI9.3.2
Note: SBFD subband configuration is from gNB perspective.



Observation 1: the main tasks for RAN4 are feasibility study, the impact to RF requirements and considerations on the regulatory aspects on the concerned deployment cases.
For adjacent-channel deployment, which is the deployment case 4 as in RAN1 agreements, RAN4 need some co-existence study using Rel-16 as starting point. Compared to Rel-16 CLI, the major difference is that one operator uses SBFD operation with the same SBFD sub-band configuration. If we assume the sub-band adjacent to the other operator’s channel would use the same TDD time frame configuration for co-existence, it is foreseen it may reduce some interference in some level which can be further quantified in the co-existence study. 
For co-channel SBFD deployment cases, RAN4 task is to study the feasibility aspects considering inter-sub band self-interference, inter-sub band interference from other sectors for co-site deployments, and inter-sub band interference from inter-sites. The study includes both FR1 and FR2. For FR1 different base station classes should be considered separately. For self-interference, the overall suppression can be achieved from the combination of spatial isolation, frequency isolation, RF sub-band filter, and digital cancellation. It should be noted that some of the measures may not be adopted and it can be different for different implementations. On the BS-BS CLI interference, for the victim, the RX receiver blocking and reference sensitivity degradation should be evaluated. The conducted general blocking requirements in TS 38.104 clause 7.4.2.2, can be considered as one of the receiver blocking capability for FR1 base station, i.e. -43 dBm for WA BS. For FR2 only radiated OTA requirement is defined, the OTA reference sensitivity level is declared parameter by the vendor. For Wide Area BS, EISREFSENS_50M is an integer value in the range -96 to -119 dBm. Hence the interfering power lever is EISREFSENS_50M + 33 + ΔFR2_REFSENS, at reference direction, the OTA blocking level is -66 dBm to -89 dBm. The blocking level at each receiver chain should be further calculated to include the analogue beamforming gain, while at the LNA input the power level only need to include the element gain.
Table 7.4.2.2-1: Base station general blocking requirement
	BS channel bandwidth of the lowest/highest carrier received (MHz)
	Wanted signal mean power (dBm) 
(Note 2)
	Interfering signal mean power (dBm)
	Interfering signal centre frequency minimum offset from the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap (MHz)
	Type of interfering signal

	5, 10, 15, 20
	PREFSENS + x dB
	Wide Area BS: -43
Medium Range BS: -38
Local Area BS: -35
	±7.5
	5 MHz DFT-s-OFDM NR signal
15 kHz SCS, 25 RBs

	25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100
	PREFSENS + x dB
	Wide Area BS: -43
Medium Range BS: -38
Local Area BS: -35
	±30
	20 MHz DFT-s-OFDM NR signal
15 kHz SCS, 100 RBs

	NOTE 1:	PREFSENS depends on the RAT. For NR, PREFSENS depends also on the BS channel bandwidth as specified in tables 7.2.2-1, 7.2.2-2 and 7.2.2-3. For NB-IoT, PREFSENS depends also on the sub-carrier spacing as specified in tables 7.2.1-5, 7.2.1-5a and 7.2.1-5c of TS 36.104 [13].
NOTE 2:	For a BS capable of single band operation only, "x" is equal to 6 dB. For a BS capable of multi-band operation, "x" is equal to 6 dB in case of interfering signals that are in the in-band blocking frequency range of the operating band where the wanted signal is present or in the in-band blocking frequency range of an adjacent or overlapping operating band. For other in-band blocking frequency ranges of the interfering signal for the supported operating bands, "x" is equal to 1.4 dB.



Table 10.5.2.3-1: General OTA blocking requirement for BS type 2-O
	BS channel bandwidth of the lowest/highest carrier received (MHz)
	OTA wanted signal mean power (dBm)
	OTA interfering signal mean power (dBm)
	OTA interfering signal centre frequency offset
from the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap (MHz)
	Type of OTA interfering signal

	50, 100, 200, 400
	EISREFSENS + 6 dB
	EISREFSENS_50M + 33 + ΔFR2_REFSENS
	±75
	50 MHz DFT-s-OFDM NR signal,
60 kHz SCS, 64 RBs

	NOTE:	EISREFSENS and EISREFSENS_50M are given in clause 10.3.3.



Observation 2: for self-interference, the RX receiver blocking and reference sensitivity degradation should be evaluated.
3 Conclusion
In the contribution, we provide an overview on the SI on evolution of NR duplex operation.
Observation 1: the main tasks for RAN4 are feasibility study, the impact to RF requirements and considerations on the regulatory aspects on the concerned deployment cases.
Observation 2: for self-interference, the RX receiver blocking and reference sensitivity degradation should be evaluated.
4 Reference
[1] RP-213591, “New SI: Study on evolution of NR duplex operation”, CMCC
[2] “RAN1 Chair’s Notes,” 3GPP TSG RAN WG1#109-e, May 9th – May 20th, 2022.

3GPP
