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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
A new study item on “Study on evolution of NR duplex operation” was approved in RAN#94-e [1] with following objectives:
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:
· Duplex enhancement at the gNB side
· Half duplex operation at the UE side
· 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. 
In this contribution, we discuss the various potential areas of study wrt enhancements on dynamic / flexible TDD.
UE-to-UE and gNB-to-gNB CLI in flexible TDD
With the introduction of flexible TDD in Rel. 15, UE-to-UE and gNB-to-gNB cross link interference (CLI) needed to be tackled in the network to ensure attaining maximum benefits from flexible TDD. E.g., Fig. 1 shows a network where the adjacent gNBs are performing DL and UL in the same time-frequency resources. As a result of this, there is  UE-to-UE and gNB-to-gNB CLI in the system as shown in the figure. In this scenario, the DL from BS 1 interferes with the UL signal received by BS 2 from UE 2, and the UL from UE 2 interferes with DL signal received by UE 1 from BS 1. In this case, the UE-to-UE CLI is inter-cell. In Rel. 16 study of CLI,  gNB-to-gNB CLI was left to implementation and several agreements were made for inter-cell UE-to-UE CLI.
[image: ]
 Fig. 1 CLI between gNBs (BSs) and UEs

[bookmark: _Hlk99445029]CLI in a network with subband non-overlapping full duplex enabled gNBs
The Rel. 18 SI on “Study on evolution of NR duplex operation” aims to study the applicability, implementation and effects of introducing non-overlapping sub-band full duplexing (SBFD) at the gNB. Fig. 2 shows an example of DL/UL configuration at an SBFD enabled gNB performing DL and UL simultaneously in different sub-bands. Thus, similar to the previous scenario of flexible TDD, adjacent SBFD enabled gNBs can be performing DL and UL in the same time-frequency resources resulting in co-channel UE-to-UE and gNB-to-gNB CLI. Similarly, adjacent channel UE-to-UE and gNB-to-gNB CLI will also be present in the network. In our understanding, intra-subband CLI is a kind of co-channel CLI and inter-subband CLI is a kind of adjacent channel CLI. The inter-cell UE-to-UE CLI can be inter-subband or intra-subband. However, in case of SBFD enabled networks, intra-cell UE-to-UE CLI will also be present. Consider an example shown in Fig. 3 where UE 1 is performing UL and UE 2 is receiving DL in the same cell (gNB 1) at the same time but non-overlapping frequency resources. As a result of this, the UL from UE 1 will interfere with the reception at UE 2. The  intra-cell UE-to-UE CLI can only be inter-subband since the gNB can schedule UEs only in orthogonal sub-bands. 
[image: ]
Fig. 2 An example of  SBFD in different non-overlapping sub-bands


[image: ]
                                 Fig. 3 Intra-cell UE-to-UE CLI
Thus, from the above-mentioned scenarios, it is evident that similar CLI issues are present in both flexible TDD and SBFD enabled networks. The solutions to CLI in flexible TDD that were agreed in Rel. 16 will be applicable for SBFD enabled networks as well. Thus, the solutions proposed for CLI management in flexible TDD can be considered as the starting point for CLI management in SBFD enabled networks. 
Observation 1: Networks with SBFD enabled gNBs are subject to  intra-cell UE-to-UE CLI, in addition to the CLI present in flexible TDD system.
Proposal 1: Consider solutions proposed for CLI management in flexible TDD as the starting point for CLI management in SBFD enabled networks.
The next section discusses the potential areas of enhancements to the CLI management procedure. 
Potential areas of enhancements to flexible TDD 
The UE-to-UE CLI management process in Rel. 16 can be broadly divided into 2 parts: Measurement of CLI and Reporting of CLI. In this section, the potential areas of enhancement are discussed under these 2 broad categories. 
 Measurement of CLI
According to Rel. 16 SRS-RSRP measurement, victim UE performs CLI measurement on sounding reference signal (SRS) transmitted from the aggressor UE. The victim UE shifts its receiving boundaries by a constant implementation specific offset while receiving the SRS.  ￹￹￹￹￹As illustrated in Fig 4 A, UE2 (aggressor UE) which is served by gNB2 transmits SRS in UL. The transmission boundary of gNB2 is also shown. In B, the SRS is received at UE1 (victim UE) which is served by gNB1 after a propagation delay of ‘t’. In ideal scenario, it is assumed that gNB1 and gNB2 are perfectly synchronised and UE1 has adjusted its reception boundary such that the reception boundary of UE1 is now in alignment with the transmission boundary at gNB1 (same as gNB2). In this case, the full SRS sequence can be received by UE1. This is an ideal scenario. However, in practical scenario there is synchronisation error between gNB1 and gNB2 which is unknown at UE1 (illustrated in in Fig 4 C). Hence, the SRS received by UE1 goes beyond the CP duration resulting in loss of information, especially in cases of small CP duration.  Hence, factors like synchronization errors between the gNBs, smaller CP length in higher numerologies, high propagation delay between the UEs causes the misalignment to go beyond CP duration while measuring the CLI on SRS as explained above.  As a result of this, the complete SRS sequence will not be received by UE1 for processing. This will lead to inaccurate values of measured RSRP. Thus, the RSRP measurement should be made robust to such factors in the network as much as possible. This will ensure a better accuracy in the measurement of CLI RSRP. 

[image: ]Fig. 4 Transmission and reception boundaries of SRS for aggressor and victim UEs respectively
Observation 2: Factors like synchronization errors between gNBs, smaller CP length in higher numerologies, higher propagation delay between the UEs causes the misalignment to go beyond CP duration while measuring the CLI on SRS as both the UEs are not time synchronized. 
Proposal 2: Study enhancements to improve CLI measurement accuracy.
Further, different UEs across cells in a network might be operating at different numerologies. The agreement made wrt SRS RSRP in RAN1 Ad-Hoc Meeting 1901 [2],
Agreement
UE is not required to measure SRS using different SCS compared to the downlink active BWP SCS of the same carrier.
Thus, if the numerology of the downlink active BWP of the victim UE is different from the numerology of the transmitted SRS by aggressor UE, the victim UE will not measure the RSRP using the numerology of the transmitted SRS. E.g., the aggressor UE 2 operates at 30 kHz while victim UE 1 operates at 15 kHz in Fig. 1. The SRS for CLI measurement will be transmitted at 30 kHz by UE 2. However, UE 1  measures the received SRS using 15 kHz numerology. This discrepancy in the transmitted and received SRS numerologies will affect the accuracy of CLI RSRP measurement. 

Observation 3: The aggressor UE can transmit the SRS at a different numerology as compared to the numerology at which the victim UE is receiving. This discrepancy in the transmitted and received SRS numerologies will affect the accuracy of CLI RSRP measurement. 
Proposal 3: Study methods to overcome the impact of aggressor and victim UEs operating at different numerologies on CLI measurement.
Consider a scenario where the aggressor UE and the victim UE uses partially overlapping bandwidth parts (BWPs) as shown in Fig. 5. In this case, the aggressor UE will transmit SRS within its own allocated BWP as shown in Fig. 5 while victim UE can measure SRS RSRP only in the overlapping resources. Therefore, only a part of the SRS will be received by the victim UE for RSRP measurement .

[image: ]
Fig. 5 Partially overlapping between BWPs of victim and aggressor UEs

The aggressor UE generates and fills the SRS sequence from P1 as the reference point up to the end of its BWP. The victim UE generates the same SRS sequence for correlating and obtaining the RSRP. However, the victim UE will assume that the SRS sequence is filled at the transmitter starting from P2 as the reference point. As a result, there will be a mismatch between the sequence actually transmitted in the overlapping portion of the 2 BWPs and the sequence that is assumed by the receiver to be transmitted in the same resources. Thus, there will be a mismatch in how the SRS sequence is filled by the aggressor and how the victim considers the SRS sequence to be filled. This discrepancy will affect the accuracy of the measured RSRP. 

Observation 4: The victim UE might receive only a part of the transmitted SRS by the aggressor UE for measurement of CLI RSRP where the reference points for SRS sequence generation and filling are different at victim and aggressor UEs.

Proposal 4: Study the impact of partial reception of SRS with different reference points for sequence generation and filling at victim and aggressor UEs for CLI measurement on CLI measurement accuracy.
Reporting of CLI

In Rel. 16 CLI management, the receiving victim UE is semi-statically configured by the gNB to perform L3 reporting of SRS-RSRP when the measured RSRP goes beyond a particular threshold. The agreement in RAN1 Meeting Ad-Hoc Meeting 1901 [2] was as follows:
Agreement
For SRS-RSRP measurement report, L3 measurement reporting is applied.
Dynamic reporting and handling of CLI is not possible with L3 reporting. Moreover, L3 report provides the time averaged CLI reflecting the long-term fading of the channel. However, CLI varies with dynamic scheduling and hence dynamic reporting should be supported. Therefore, L1 reporting of CLI is important in these scenarios.

Observation 5:  CLI varies with dynamic scheduling in flexible TDD scenario.

Proposal 5: Mechanism for dynamic reporting of CLI is supported.
Conclusion
In this contribution, the following observations and proposals are made, 
Observation 1: Networks with SBFD enabled gNBs are subject to  intra-cell UE-to-UE CLI, in addition to the CLI present in flexible TDD system.
Proposal 1: Consider solutions proposed for CLI management in flexible TDD as the starting point for CLI management in SBFD enabled networks.
Observation 2: Factors like synchronization errors between gNBs, smaller CP length in higher numerologies, higher propagation delay between the UEs causes the misalignment to go beyond CP duration while measuring the CLI on SRS as both the UEs are not time synchronized. 
Proposal 2: Study enhancements to improve CLI measurement accuracy.
Observation 3: The aggressor UE can transmit the SRS at a different numerology as compared to the numerology at which the victim UE is receiving. This discrepancy in the transmitted and received SRS numerologies will affect the accuracy of CLI RSRP measurement. 
Proposal 3: Study methods to overcome the impact of aggressor and victim UEs operating at different numerologies on CLI measurement.
Observation 4: The victim UE might receive only a part of the transmitted SRS by the aggressor UE for measurement of CLI RSRP where the reference points for SRS sequence generation and filling are different at victim and aggressor UEs.

Proposal 4: Study the impact of partial reception of SRS with different reference points for sequence generation and filling at victim and aggressor UEs for CLI measurement on CLI measurement accuracy.

Observation 5:  CLI varies with dynamic scheduling in flexible TDD scenario.

Proposal 5: Mechanism for dynamic reporting of CLI is supported.
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