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1 Introduction
In [1], the detailed scopes of Study on evolution of NR duplex operation were made as follows:

	Justification

TDD is widely used in commercial NR deployments. In TDD, the time domain resource is split between downlink and uplink. Allocation of a limited time duration for the uplink in TDD would result in reduced coverage, increased latency and reduced capacity. As a possible enhancement on this limitation of the conventional TDD operation, it would be worth studying the feasibility of allowing 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.

The NR TDD specifications allow the dynamic/flexible allocation of downlink and uplink in time and CLI handling and RIM for NR were introduced in Rel-16. Nevertheless, further study may be required for CLI handling between the gNBs of the same or different operators to enable the dynamic/flexible TDD in commercial networks. The inter-gNB CLI may be due to either adjacent-channel CLI or co-channel-CLI, or both, depending on the deployment scenario. One of the problems not addressed in the previous releases is gNB-to-gNB CLI.
This study aims to identify the feasibility and solutions of duplex evolution in the areas outlined above to provide enhanced UL coverage, reduced latency, improved system capacity, and improved configuration flexibility for NR TDD operations in unpaired spectrum. In addition, the regulatory aspects need to be examined for deploying identified duplex enhancements in TDD unpaired spectrum considering potential constraints.
Objective

Objective of SI 
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).
· 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 provide our views on
· Higher layer configured tdd configuration,
· Dynamic indication of slot format,
· UE behavior for flexible resource, and
· Potential enhancements
2 Discussion
Higher layer configured tdd configuration
For NR, if a UE is provided higher layer parameter tdd-UL-DL-ConfigurationCommon, the UE sets the slot format per slot over a number of slots as indicated by higher layer parameter tdd-UL-DL-ConfigurationCommon, and the higher layer parameter tdd-UL-DL-ConfigurationCommon provides
· A reference subcarrier spacing configuration 𝝁_𝒓𝒆𝒇
· A higher layer parameter pattern1

· A slot configuration period 𝑃 msec, dl-UL-TransmissionPeriodicity

· A number of slots 𝑑_𝑠𝑙𝑜𝑡𝑠 with only downlink symbols, nrofDownlinkSlots

· A number of downlink symbols 𝑑_𝑠𝑦𝑚, nrofDownlinkSymbols

· A number of slots 𝑢_𝑠𝑙𝑜𝑡𝑠 with only uplink symbols, nrofUplinkSlots 

· A number of uplink symbols 𝑢_𝑠𝑦𝑚, nrofUplinkSymbols
If the higher layer parameter tdd-UL-DL-ConfigurationCommon provides both higher layer parameter pattern1 and pattern2, the UE sets the slot format per slot over a first number of slots as indicated by pattern1 and the UE sets the slot format per slot over a second number of slots as indicated by pattern2. The pattern 2 provides
· A slot configuration period 𝑃_2 msec, dl-UL-TransmissionPeriodicity

· A number of slots 𝑑_(𝑠𝑙𝑜𝑡𝑠,2) with only downlink symbols, nrofDownlinkSlots

· A number of downlink symbols 𝑑_(𝑠𝑦𝑚,2), nrofDownlinkSymbols

· A number of slots 𝑢_(𝑠𝑙𝑜𝑡𝑠,2) with only uplink symbols, nrofUplinkSlots 

· A number of uplink symbols 𝑢_(𝑠𝑦𝑚,2), nrofUplinkSymbols
Figure 1 is an example for pattern 1 only, and Figure 2 is an example for pattern 1 plus pattern2.

[image: image1.png]pattern 1

2
c
o
1S
1S
o
Q
c
o
g
g
S
<
[s}
Q
~
Q
~
2
ke}
3

\\.am

N

P x 2Href =10 slots

S=

F

————

Slot#3 | Slot#4 | Slot#5 | Slot#6
F





Figure. 1 Example for pattern 1
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Figure. 2 Example for pattern 1 and pattern 2

The transmission direction, e.g., D, U and Flexible, provided by tdd-UL-DL-ConfigurationCommon is applied to a serving cell.
If the UE additionally provided tdd-UL-DL-ConfigurationDedicated, the parameter tdd-UL-DL-ConfigurationDedicated overrides only flexible symbols per slot over the number of slots as provided by tdd-UL-DL-ConfigurationCommon. The tdd-UL-DL-ConfigurationDedicated provides
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Figure 3 is an example for tdd-UL-DL-ConfigurationCommon (pattern 1 only) plus tdd-UL-DL-ConfigurationDedicated, e.g., higher layer configured tdd configuration.
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Figure. 3 Example for higher layer configured tdd
The transmission direction, e.g., D, U, flexible, provided by tdd-UL-DL-ConfigurationDedicated is applied to a serving cell. 

A slot configuration period and a number of downlink symbols, uplink symbols, and flexible symbols in each slot of the slot configuration period is determined from tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated and is common to each configured BWP.
Observation 1: A slot configuration period and a number of downlink symbols, uplink symbols, and flexible symbols in each slot of the slot configuration period is determined from tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated and is common to each configured BWP.
Dynamic indication of slot format
If a UE is configured by higher layers with parameter SlotFormatIndicator, the UE is provided an SFI-RNTI by SFI-RNTI and with a payload size of DCI format 2_0 by dci-PayloadSize. A SFI-index field value in a DCI format 2_0 indicates to the UE a slot format for each slot in a number of slots for each DL BWP or each UL BWP starting from a slot where the UE detects the DCI format 2_0. For a set of symbols of a slot that are indicated as downlink/uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as uplink/downlink, respectively, or as flexible. 
Observation 2: For a set of symbols of a slot that are indicated as downlink/uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as uplink/downlink, respectively, or as flexible.
UE behaviour for flexible resource

If a UE is configured by higher layers with parameter SlotFormatIndicator, and the UE has a flexible resource configured by higher layer.  For a PDSCH/PDCCH/CSI-RS configured by higher layer in the flexible resource, the UE does not receive the PDSCH/PDCCH/CSI-RS, respectively, if the UE receives a DCI format 2_0 indicating the flexible resource as flexible resource. For a DL PRS configured by higher layer in the flexible resource, the UE receives the DL PRS, if the UE receives a DCI format 2_0 indicating the flexible resource as flexible resource. For a SRS/PUCCH/PUSCH/PRACH configured by higher layer in the flexible resource, the UE does not transmit the SRS/PUCCH/PUSCH/PRACH, respectively, if the UE receives a DCI format 2_0 indicating the flexible resource as flexible resource.
Observation 3: A UE has a flexible resource configured by higher layer, and 

· if a PDCCH/PDSCH/CSI-RS configured by higher layer in the flexible resource, the UE does not receive the PDCCH/PDSCH/CSI-RS, respectively, if the UE detects a DCI format 2_0 indicating the flexible resource as flexible resource.
· if a DL PRS configured by higher layer in the flexible resource, the UE receives the DL PRS, if the UE detects a DCI format 2_0 indicating the flexible resource as flexible resource.
· if a SRS/UCCH/PUSCH/PRAH configured by higher layer in the flexible resource, the UE does not transmit the SRS/UCCH/PUSCH/PRAH, respectively, if the UE detects a DCI format 2_0 indicating the flexible resource as flexible resource.
Potential enhancements

In Figure 4, the transmission direction from time duration#1 to time duration#3 at gNB side are D, D/U and D, respectively. In Figure 4(1), a UE’s the transmission direction configured by the gNB from time duration#1 to time duration#3 are D, F and D, respectively, and a CSI-RS configured by higher layer is in flexible resource (time duration#2). In Figure 4(2), since the gNB wants the UE to receive the CSI-RS, gNB changes time duration#2’s transmission direction from flexible to downlink by DCI#1, e.g., DCI format 2_0. In Figure 4(3), the UE’s DL data arrival, so the gNB schedules the UE to perform PDSCH reception by DCI#2. And region#1 in time duration#2 is uplink, the gNB can indicate the UE to transmit HARQ corresponding to the PDSCH by DCI#2. However, for the UE, since time duration#2 was scheduled as downlink by DCI#1, the gNB can’t schedule the UE to transmit HARQ in time duration#2. 
From priority point of view, in a time duration, dynamic scheduled UL/DL signal has higher priority than higher layer configured DL/UL signal, respectively. And considering the simultaneous existence of downlink and uplink at gNB side, we have following proposal 

 Proposal 1: Considering gNB’s full duplex structure, study a mechanism to achieve more than one potential transmission states at a time at the UE side could be supported.    
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Figure. 4 Example for HARQ feedbcak delay
3 Conclusion
In this contribution, we provide our views on 
· Higher layer configured tdd configuration,
· Dynamic indication of slot format,
· UE behaviour for flexible resource, and
· Potential enhancements.
And we have following observations and proposal:

Observation 1: A slot configuration period and a number of downlink symbols, uplink symbols, and flexible symbols in each slot of the slot configuration period is determined from tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated and is common to each configured BWP.
Observation 2: For a set of symbols of a slot that are indicated as downlink/uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as uplink/downlink, respectively, or as flexible.
Observation 3: A UE has a flexible resource configured by higher layer, and 

· if a PDCCH/PDSCH/CSI-RS configured by higher layer in the flexible resource, the UE does not receive the PDCCH/PDSCH/CSI-RS, respectively, if the UE detects a DCI format 2_0 indicating the flexible resource as flexible resource.
· if a DL PRS configured by higher layer in the flexible resource, the UE receives the DL PRS, if the UE detects a DCI format 2_0 indicating the flexible resource as flexible resource.
· if a SRS/UCCH/PUSCH/PRAH configured by higher layer in the flexible resource, the UE does not transmit the SRS/UCCH/PUSCH/PRAH, respectively, if the UE detects a DCI format 2_0 indicating the flexible resource as flexible resource.
Proposal 1: Considering gNB’s full duplex structure, study a mechanism to achieve more than one potential transmission states at a time at the UE side could be supported.    
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