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1 Introduction

In the RAN1#87 meeting the following conclusion are achieved:
	Agreements:

· Referring to TR 38.913, the terminology of “duplexing flexibility” in NR means at least one of the following mechanisms to manage resources flexibly for uplink and downlink for both paired and unpaired spectrum. 

· 1) UL and DL usage is flexibly changed in time domain in unpaired spectrum. 

· 2) UL and DL usage is flexibly changed in time domain in UL band in paired spectrum 

· 3) UL and DL usage is flexibly changed in time domain in DL band in paired spectrum 

· Note: the definition of the above terminology is not intended to have impact on prioritizing discussion on any of the above mechanisms

Agreements:

· Strive for common cross-link interference mitigation schemes for both paired and unpaired spectrum.


In LTE system, commonality between FDD and TDD are considered on many aspects such as the frame structure, random access etc. to simplify the implementation of the UE to support both FDD and TDD operations. There are also many aspects designed separately, leading to a large difference gap between FDD and TDD operation of LTE system. In NR physical layer design, the commonality of the duplexing flexibility operating on paired and unpaired spectrum should be targeted for. In NR design, flexible resource allocation for UL/DL on unpaired spectrum and paired spectrum was agreed [1]. In this sense, designing the NR operation on paired and unpaired spectrum as common as possible will be highly preferable to significantly reduce the complexity of the NR UE. 
For interference mitigation schemes, it is also agreed for striving for common cross-link interference mitigation schemes for both paired and unpaired spectrum [2]. This is because the interference situation due to flexible DL/UL resource allocation is very similar for paired and unpaired spectrum. In this contribution, the common aspects of the paired and unpaired spectrum are discussed.  

2 Discussion

In this section, the potential common design aspects are discussed. The common aspects mainly constitute of HARQ related aspects, timing related aspects, interference mitigation mechanisms etc. 

2.1 Frame structure
For frame structures, it is agreed that a slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part} [3]. For duplexing flexibility this frame structure can support the operation on both paired and unpaired spectrum. For an unpaired spectrum one slot can contain both downlink and uplink transmission for the duplexing flexibility with downlink and uplink transmission part configuration. And similarly, for the transmission on either part of a paired spectrum, uplink and downlink can also be in the same subframe or slot. 
Observation 1: The frame structure containing downlink or uplink or both down and uplink transmission in one subframe can support common design of the NR operation on both paired and unpaired spectrum for duplexing flexibility. 

2.2 HARQ and scheduling aspects
It is agreed that the UE is indicated about the timing relationship between the DL data and its feedback, UL assignment and its data transmission [4] etc. The timing between the initial transmission and the retransmission can also be flexible because NR will also support asynchronous HARQ [5]. It is preferable that the mechanisms to indicate the timing relation are duplex agnostic from RAN1 perspective. 
For the HARQ feedback, HARQ ACK/NACK feedback for multiple DL transmissions in time transmitted in one UL data/control region is supported [6]. For a paired spectrum, the one HARQ ACK/NACK feedback may correspond to more DL transmissions than the paired spectrum, because the paired spectrum has two carriers being able to transmit DL data to the UE. Considering the carrier aggregation will be supported by NR [7], NR PUCCH structure supporting sufficient payload sizes will be designed. Then the common HARQ feedback procedure can be supported for duplexing flexibility on both paired and unpaired spectrum. 
 Observation 2: The HARQ and scheduling of the current NR design is flexible enough to support a common design of HARQ and scheduling mechanism for paired and unpaired spectrum. 
2.3 Initial access aspects

For initial access, within a group of frequency bands in the frequency range, RAN1 will strive for a unified framework for TDD and FDD operations. For the duplexing flexibility, the common frame work could also be support by proper design. It has been agree that the NR-SSS detection is based on the fixed time/freq. relationship with NR-PSS resource position irrespective of duplex mode and beam operation type [8]. It has also been agreed that the NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead [8]. So the signals for synchronization andPBCH can be commonly designed for operation on paired and unpaired spectrum. And UE can search for the cell synchronization without any assumptions for the spectrum allocation. The contents of the PBCH or other system information may be different for paired and unpaired spectrum.
Observation 3: The current synchronization design for NR-PSS, SSS and PBCH can be agnostic to the paired or unpaired spectrum for duplexing flexibility. 

2.4 Interference mitigation schemes

For the interference mitigation schemes, NR is striving for a common design for the paired and unpaired spectrum for the duplexing flexibility. Some of the interference mitigation schemes were identified for further study such as the advanced receiver, reference signal design, sensing/measurement schemes, power control and link adaptation schemes and so on.
For the advanced receiver, it is agnostic to the duplexing mode naturally. Different information is needed for different types of advanced receivers [9], such as the channel estimation and/or the modulation order and rank of the interference signal. 
For the reference signal design for cross link interference mitigations, symmetric reference design for the UL and the DL is beneficial to the interference channel estimation. In this way the reference signal contamination between UL and DL can be significantly alleviated. One way of the symmetric reference design [10] is to allocate different antenna ports of the same DMRS pattern for the UL and the DL data transmission. From this point view, it is preferred that the UL and DL reference signal can be unified. Other ways of symmetric reference signal could be the time-frequency domain orthogonality between DL and UL reference signals. It can be seen that the reference design is agnostic to the paired and unpaired spectrum operations. 
For the sensing schemes, sensing signal may be transmitted from the interfering TRP. The sensing signal could be dedicated signal or reusing other existing reference signals such as the CSI-RS signal etc. and the sensing signal could be transmitted on the carrier generating potential cross-link interference. Then from this point of view, the sensing signal is agnostic to the spectrum allocation. 
Observation 4: The identified interference mitigation schemes are agnostic to the operation on paired or unpaired spectrum. 
Based on the above analysis, duplexing flexibility on the paired and unpaired spectrum can be commonly designed on the above aspects. 
Proposal: In addition to common design of cross link interference mitigation schemes, common design should applied to the following aspects: frame structure, HARQ/scheduling timing, and initial access.
3 Spectrum for duplexing flexibility

In LTE, each band definition is associated with a predetermined duplex mode, i.e. FDD, TDD, or SDL. Therefore, in order to provide the most flexible spectrum usage for operators, it is desirable that a NR band is not associated with any particular duplex mode. In order words, a NR band should simply define whether it is a paired or unpaired spectrum and its corresponding frequency range(s). It is then up to the operator to decide how to use the spectrum, provided that regional regulatory requirements are complied, and the NR design is common for paired and unpaired spectrum. A UE could be configured to operate on paired or unpaired spectrum with duplexing flexibility. 

4 Conclusions
In the contribution we have the following observations
Observation 1: The frame structure containing downlink or uplink or both down and uplink transmission in one subframe can support common design of the NR operation on both paired and unpaired spectrum for duplexing flexibility. 

 Observation 2: The HARQ and scheduling of the current NR design is flexible enough to support a common design of HARQ and scheduling mechanism for paired and unpaired spectrum.
Observation 3: The current synchronization design for NR-PSS, SSS and PBCH can be agnostic to the paired or unpaired spectrum for duplexing flexibility.  

Observation 4: The identified interference mitigation schemes are agnostic to the operation on paired or unpaired spectrum. 
Proposal: In addition to the common design of cross link interference mitigation schemes, the common design should applied to the following aspects: frame structure, HARQ/scheduling timing, and initial access.
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