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1. Introduction

Flexible resource utilization to provide the ability to adapt downlink and uplink resources dynamically is one of the requirement of next generation network [1]. This requirement should be applicable to both paired and unpaired spectrum cases, and over all frequency ranges. 

This contribution discusses NR design considerations to support flexible and full duplex operation in both paired and unpaired spectrum, particularly focusing on frame structure design and scheduling unit definition. 

2. Flexible Duplex Operation in Paired Spectrum
Paired spectrum would define downlink and uplink spectrum rather statically and thus the ratio between downlink and uplink portion is fixed. To support various usage scenarios which changes traffic pattern dynamically, mechanisms to allow dynamic adaption of downlink and uplink portions should be supported even in the paired spectrum. Though it could be further considered, applying uplink portions in downlink spectrum may challenge service quality, particularly, if frequency is utilized for macro coverage due to potential interference on UE’s downlink reception from other UEs. Thus, we focus on flexible resource utilization in uplink spectrum at this point. In terms of deployment scenarios, we can consider cases shown in Figure 1.
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Figure 1. Deployment scenario of flexible resource utilization of UL spectrum
Figure 1-(a) shows an example that one eNB utilizes UL spectrum for both downlink and uplink in addition to downlink transmission in downlink spectrum. Figure 1-(b) shows an example that another eNB (a small cell) can operate downlink and uplink in the uplink spectrum similar to unpaired spectrum manner. It is however noted that Figure 1-(b) does not prevent from co-channel deployment of macro and small cell sharing the same downlink spectrum for downlink operation. Figure 1-(c) shows an example to utilize UL spectrum for supplement downlink operation from another eNB, and Figure 1-(d) shows an example of utilizing UL spectrum for relay operation. 
Proposal 1: Consider different deployment scenarios to support flexible duplex operation in paired spectrum as shown in Figure 1. 
To utilize uplink spectrum in various deployment scenarios between downlink and uplink portions, both FDM manner and TDM manner between downlink and uplink portion can be considered. If TDM manner is considered, in terms of frame structure, applying frame structure used in unpaired spectrum can be also considered for flexible duplex operation in paired spectrum. If FDM is considered, with necessary guard band to uplink transmission in the same frequency bands or adjacent frequency band should be considered. One example of FDM is shown in Figure 2.
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Figure 2. Example of FDM manner flexible duplex operation
Even in FDM manner is used, the portion of downlink and uplink can change dynamically to adjust DL/UL ratio in UL spectrum (including only DL with guard band and only UL). To allow this operation, thus, flexible adaptation of uplink carrier bandwidth would be necessary including potentially different downlink and uplink bandwidth. For example, if deployment scenario (b) in Figure 1 is considered where some UEs may not be associated with small cell operating flexible duplex operation could get benefits if it supports dynamic change of uplink carrier bandwidth. For example, if small cell operates in small bandwidth for flexible duplex operation, macro cell may utilize larger uplink bandwidth, and small cell operates in large bandwidth for flexible duplex operation, macro may utilize smaller uplink bandwidth to minimize the impact from interference. 
When the network also supports self-interference capability, when flexible duplex operation is performed, downlink and uplink portions can be partially or fully overlapped from the network perspective. The behaviour can be similar to full duplex operation in unpaired spectrum. Further study is necessary for possibly different options of flexible/full duplex operation in paired spectrum including interference mitigation/coordination techniques and UE behaviour/requirements.   
Proposal 2: Flexible spectrum sharing among cells and UEs should be supported in NR. 
3. Flexible/Full duplex Operation in Un-paired Spectrum
In unpaired spectrum, TDM manner can be considered as a typical mechanism to multiplex downlink and uplink portion. However, due to various usage scenarios and requirements on dynamic resource adaptation, semi-static manner of TDM may not work. Furthermore, mechanism to support simultaneous downlink and uplink in the same frequency band should be also considered to support for example different numerologies or different subframe lengths to support different usage scenarios (e.g., eMBB and URLLC) as illustrated in Figure 3. 
[image: image3.emf] 

1 subframe 1 subframe

1 

subframe

1 

subframe

guard

1 

subframe

1 

subframe

downlink

uplink

eMBB

URLLC

1 subframe 1 subframe

UE1

UE2

(a) multiplexed different numerology

(b)  multiplexed different TTI length

1 mini-

subframe

1 mini-

subframe

1 mini-

subframe

1 mini-

subframe


Figure 3. Example of simultaneous downlink and uplink in unpaired spectrum
The mechanisms of flexible/full duplex operation to support these types of operation seem essential in NR design. In terms of flexible duplex operation to support simultaneous downlink and uplink operation is to apply FDM manner of multiplexing downlink and uplink shown in Figure 2 where necessary gap to minimize interference between downlink and uplink can be considered depending on transmitter and/or receiver’s cancellation capability and interference to neighboring cells. 

Assuming the network can support non-overlapped or overlapped downlink and uplink resource allocation simultaneously, we propose the following aspects to be considered in NR design. 
· Downlink and uplink subband operation in the same frequency region (e.g., a component carrier) where subband bandwidth and location can be adapted depending on usage of downlink and uplink. 

· Instead of cell-common GP configuration, UE-specific GP configuration can be considered to maximize the spectral efficiency (e.g., long GP for cell edge UEs vs. short GP for cell center UEs).
· Instead of cell-common DL/UL resource configuration, UE-specific and/or subband specific DL/UL resource configuration is considered to allow different DL/UL ratio per UE and/or per usage scenario. 
Proposal 3. For efficient handling of different usage scenarios and DL/UL resource ratio requirements per UE, flexible DL/UL resource configuration should be considered in NR design. 
4. Full-duplex capability in UE

In above, the necessity of supporting simultaneous downlink and uplink resource allocation from the network perspective has been discussed. One of the main reason of requiring simultaneous downlink and uplink resource allocation is to support low latency services such as URLLC and eV2X. In eV2X, we propose to consider direct communication among vehicles utilizing sidelink operation in NR [2]. In LTE, sidelink operation is assumed as half-duplex which allows either transmission or reception at a given time. The capability of half-duplex in NR may challenge the challenging latency requirement of next generation network such as in eV2X. Thus, mechanisms to support simultaneous transmission and reception for sidelink operation could be further considered. For this, different UE capability can be considered. One is to consider UE capability of cancelling self-interference such that transmission and uplink can occur in the same frequency/time resources, and another is to consider UE capability of supporting downlink and uplink simultaneously with sufficient gap between two resources. 
Proposal 4. Consideration on different UE capability to support simultaneous downlink and uplink operation is necessary. 
5. Conclusion
We discussed flexible and full duplex operation in NR design, and proposed the followings. 
Proposal 1: Consider different deployment scenarios to support flexible duplex operation in paired spectrum as shown in Figure 1. 

Proposal 2: Flexible spectrum sharing among cells and UEs should be supported in NR.
Proposal 3. For efficient handling of different usage scenarios and DL/UL resource ratio requirements per UE, flexible DL/UL resource configuration should be considered in NR design. 
Proposal 4. Consideration on different UE capability to support simultaneous downlink and uplink operation is necessary. 
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