
3GPP TSG RAN WG1 #109-e	R1-2204022
e-Meeting, May 9th – May 20th, 2022

Source:	OPPO
Title:	Discussion on subband non-overlapping full duplex
Agenda Item:	9.3.2
Document for:	Discussion and Decision
[bookmark: Source][bookmark: DocumentFor]
Introduction
In RAN 94e meeting, study on evolution of NR duplex operation was approved [1] and the objective of SI is shown in the following:
	[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:
· 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 document, we focus on potential enhancements on subband non-overlapping full duplex.
Discussion 
In TDD, the time domain resource is split between downlink and uplink in time domain. A limited time duration for the uplink in TDD would result in reduced coverage, increased latency and reduced capacity. One solution is to allow 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. 

In TDD network, Macro and small cells are deployed simultaneously to satisfy different requirements. Macro cells are deployed to ensure full coverage and most user’s connection. Small cells are deployed to improve data throughput or indoor coverage. In Macro cells, enormous user number leads relatively stable uplink and downlink traffic distribution and downlink- heavy traffic is distinct. In small cells, small number of users leads dynamic uplink and downlink traffic distribution and, in some cases, e.g. factory, uplink traffic is heavier. So different uplink and downlink resource allocation scheme is required for Macro and small cells.

Observation 1: Different uplink and downlink resource allocation schemes are required for macro cells and small cells.

For Macro cell, traffic distribution is relatively stable and closer between adjacent gNBs, so unified and semi-static uplink and downlink resource allocation is enough. But to ensure low latency and uplink coverage, subband non-overlapping full duplex at the gNB side maybe helpful. For small cell, subband non-overlapping full duplex at the gNB side is also beneficial for low latency and uplink coverage. Moreover, dynamic UL/DL operation is required to accommodate with random uplink and downlink traffic arriving. So as shown in Figure 1, taking 3rd symbol/sot as an example, there are CLI between adjacent gNB and close UE. To be specific, Macro gNB 1-Small gNB 3 CLI, Macro gNB 2 - small gNB 3 CLI, Small gNB 1 -Small gNB 2 CLI, Small gNB 2 -Small gNB 3 CLI, Small gNB 3 -Small gNB 4 CLI, UE in Macro gNB 1-UE in Small gNB 3 CLI, UE in Small gNB 1 -UE in Small gNB 2 CLI. In summary, there are four types of CLI in heterogeneous network deployment:
· Inter-small gNB CLI
· Inter-Macro and small gNB CLI 
· Inter-UE CLI
· CLI from adjacent subband within one gNB
Herein, inter gNB CLI and inter UE CLI can be from adjacent-channel or co-channel.


Figure 1 cross link interference in heterogeneous network deployment

Observation 2: To accommodate with traffic requirement, both subband non-overlapping full duplex and dynamic uplink and downlink resource allocation are beneficial. There are four types of CLI in heterogeneous network deployment: Inter-small-gNB CLI, Inter-macro-and-small-gNB CLI, Inter-UE CLI and CLI between adjacent subbands within one gNB. 

For inter-small gNB CLI, small gNB TX power is rather limited and ISD is small, the interference among small gNB maybe in acceptable level. For inter-Macro and small gNB CLI, Macro gNB TX power is relatively large and ISD is larger, the interference between Macro gNB and small gNB maybe challenged. And mitigation techniques, such as coordinated scheduling/beamforming and power control need to be considered. For inter-UE CLI, UE TX power is rather limited and interfering range is very limit, so gNB scheduling is the most effective and feasible solution. Moreover, R16 WID on Cross Link Interference handling and Remote Interference Management for NR (NR_CLI_RIM) introduces some inter-UE CLI handling, which can be reused directly. For CLI from adjacent subband within one gNB, it is a new type of CLI. And the mitigation methods, such as antenna isolation, TX IM suppression in the RX part, filtering, digital interference suppression and guard band can be considered. SID clarifies that half duplex operation at the UE side is assumed, in other words, there is no simultaneous Tx/Rx at UE, so there is no point for UE to know the simultaneous downlink and uplink allocation. It means that subband non-overlapping full duplex is transparent for UE. For inter-UE CLI from adjacent subband, it can be mitigated by gNB scheduling. No further CLI handling and requirement is needed for UE.
Observation 3: Inter-macro-and-small-gNB CLI is the most challenging in heterogeneous network deployment. And mitigation techniques, such as coordinated scheduling/beamforming and power control need to be considered.
Observation 4: CLI between adjacent subbands within one gNB is a new type of CLI. The mitigation techniques, such as antenna isolation, TX IM suppression in the RX part, filtering, digital interference suppression and guard band, can be considered.
Observation 5: Inter-UE CLI can be handled by gNB scheduling. No further CLI handling and requirement are needed for UE.
Proposal 1: The simultaneous DL/UL sub-band allocation at gNB is transparent to UE. 
· Any duplex enhancement solution studied in this SI should not base on a prerequisite for UE to have the knowledge of any simultaneous DL/UL allocation.
Conclusions
[bookmark: _GoBack]In this contribution, we discuss subband non-overlapping full duplex with the following observations:
Observation 1: Different uplink and downlink resource allocation schemes are required for macro cells and small cells.
Observation 2: To accommodate with traffic requirement, both subband non-overlapping full duplex and dynamic uplink and downlink resource allocation are beneficial. There are four types of CLI in heterogeneous network deployment: Inter-small-gNB CLI, Inter-macro-and-small-gNB CLI, Inter-UE CLI and CLI between adjacent subbands within one gNB. 
Observation 3: Inter-macro-and-small-gNB CLI is the most challenging in heterogeneous network deployment. And mitigation techniques, such as coordinated scheduling/beamforming and power control need to be considered.
Observation 4: CLI between adjacent subbands within one gNB is a new type of CLI. The mitigation techniques, such as antenna isolation, TX IM suppression in the RX part, filtering, digital interference suppression and guard band, can be considered.
Observation 5: Inter-UE CLI can be handled by gNB scheduling. No further CLI handling and requirement are needed for UE.

Proposal 1: The simultaneous DL/UL sub-band allocation at gNB is transparent to UE. 
· Any duplex enhancement solution studied in this SI should not base on a prerequisite for UE to have the knowledge of any simultaneous DL/UL allocation.
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