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Introduction
[bookmark: _Ref129681832]In [1], the concept of flexible duplex is proposed, which aims to allow most flexible time-frequency resource usage of operators’ spectrum under a single framework. Flexible duplex shall inherently support both paired and unpaired spectrum, and is also forward compatible for full duplex. 
During RAN1#86b, the following conclusion [2] was achieved on duplexing:
	Conclusion:
· Continue study considering some or all of the following aspects:
· Deployment scenarios/bands, same-/cross-operator considerations
· Resource assignments and rate adaptations
· Frame structure and HARQ/scheduling timing
· Measurements for cross-link interference management
· Signalling (e.g., OTA, backhaul, UE capability, etc.)
· Cross-link interference management (IC/IS, power control, etc.)
· Centralized vs. distributed interference/resource management
· Beamforming/MIMO
· Duplex modes (e.g., FDD/TDD, FDM/TDM, etc.)
· Latency reduction
· Whether or not LTE interference/resource management can be used as a starting point (as applicable)
· Sensing
· RS design
· Advanced receiver
· Timing alignment between DL and UL
Agreements:
· Strive for a common framework for cross-link interference mitigation schemes for both paired and unpaired spectra


In this contribution, we provide general discussion on flexible duplex of unpaired and paired spectrum, including unified frame structure, resource assignments and indication, cross-link interference mitigation, and flexible HARQ/scheduling timing.
Discussion
Flexible duplex aims to allow most flexible time-frequency resource usage of operators’ spectrum under a single framework. Also flexible duplex can provide a convergence of FDD and TDD in NR. 
For flexible duplex on unpaired spectrum (i.e. dynamic TDD), the transmission direction of most time resources can be adjusted based on the instantaneous traffic variations, which is beneficial to improve the user perceived packet throughput and user experience. Unlike LTE eIMTA, given that NR does not have the backward compatibility constraint, NR has the potential to fully exploit the benefit of flexible resource allocations. In addition to flexible resource allocation, semi-static time resource partition between DL and UL on unpaired spectrum is also necessary [3].
Flexible duplex on paired spectrum allows both DL and UL transmission in either part of the paired spectrum. At least two operations can be envisioned:
· One part of the paired spectrum is used dominantly for DL transmission while the other part of the paired spectrum is used for both DL and UL transmission, which can achieve better spectrum utilization in downlink traffic dominant scenario. The time resource allocation for DL and UL on the latter spectrum part of the paired spectrum may be dynamic or semi-statistic.
· On the DL dominant part of the paired spectrum, uplink sounding reference signal is transmitted to exploit channel reciprocity and hence better support massive MIMO [4].  
Based on the above discussion, we propose:
Proposal 1: A preliminary definition of flexible duplex can be:
· On unpaired spectra
· Flexible UL/DL transmission on per-slot basis
· On paired spectra
· Downlink data transmission in both spectrum part of a paired spectrum
· SRS transmission in both spectrum part of a paired spectrum

Unified frame structure
From physical layer perspective, in order to achieve a single frame work for duplex in NR, i.e. flexible duplex, supporting a unified frame structure is beneficial. With this unified frame structure, operators can flexibly assign the transmission direction of each slot/subframe. It is noted that the unified frame structure is agnostic to the carrier frequencies for DL and UL transmission. The network decides the DL and UL carrier frequencies. For a UE, the carrier frequency for DL is acquired by DL sync signal detection and the carrier frequency for UL may be derived via system information. The unified frame structure is forward compatible for full duplex, if the DL and UL carrier frequency is the same and also the DL transmission and UL reception overlaps in time at a node. 
Proposal 2: NR shall support a unified frame structure for both paired and unpaired spectrum.
Resource assignment and indication
For better utilization of flexible resource on both paired and unpaired spectrums, NR should support to flexibly use the resources as much as possible. 
For flexible duplex, fixed DL resources are still required to transmit essential signals, e.g. MIB, synchronization signal and/or some reference signals. Typically, the fixed DL resources may occupy some subframe(s) or some slot(s) or some OFDM symbol(s). The occupied resources should be minimized to leave as much resources as possible for flexible utilization. An example of fixed DL resources and flexible resources is shown in Figure 1.


[bookmark: _Ref457851938]Figure 1: Example of fixed and flexible resource for flexible duplex
Proposal 3: At least two sets of time resources need to be supported in NR flexible duplex
· Set 1: for fixed data transmission direction.
· Set 2: for changeable data transmission direction.
In order to exploit the fully dynamic indication of transmission direction of each flexible resource, the signaling design needs to enable dynamic resource allocation on a slot/subframe basis. 
The scheduling grant can be as the baseline, indicating UE to transmit or receive in certain slot. Further considerations may be needed. For example, if possibly UL data is scheduled by the UL assignment within the same slot, after the detecting and processing of UL grant, UE may not have sufficient time to complete DL-to-UL switching shown in Figure 2. 


Figure 2: Example of fixed and flexible resource for flexible duplex
To address this issue, a UE-common signaling, locating at the first symbol to indicate the data transmission direction and/or slot structure, can be considered. Upon the detection of information carried by this signaling, UE is aware of the existence of DL-to-UL switching within current slot before UL grant is detected. UE then can finish UL grant processing before DL-to-UL switching or simultaneously finish these two operations.
Proposal 4: UE-common signaling locating at the first symbol needs to be supported to at least indicate 
· Data transmission direction, and/or
· Slot structure
Cross-link interference mitigation
For flexible duplex on both paired and unpaired spectrum, cross-link interference, e.g. TRP-to-TRP and UE-to-UE interference, exists in cases that neighboring cells use different transmission directions on the same time-frequency resource. An example of the cross-link interference is shown in Figure 3. The UL/DL allocation illustration could be on one unpaired spectrum or on one part of the paired spectrum. 
[image: ]
Figure 3: Example of cross-link interference
It is indeed necessary to apply cross-link interference mitigation schemes to avoid or control the cross-link interference level in flexible duplex. In [5], the benefit and necessity of cross-link interference mitigation is illustrated. Diverse schemes can be considered to mitigate/manage cross-link interference, including symmetric design and resource unit specific reference signal [6], timing alignment on cross-link [7], power control [9], interference sensing and measurement [8], coordinated beamforming, beam nulling or beam blanking, etc. All related descriptions in detail can be found in our companion contributions. These cross-link interference mitigation schemes can be commonly applied to both unpaired and paired spectrum.
Proposal 5: Cross-link interference mitigation schemes need to be studied in NR flexible duplex.
Flexible HARQ/scheduling timing
Flexible HARQ/scheduling time is deemed beneficial for NR. It has been agreed that the HARQ timing between data transmission and corresponding A/N is indicated explicitly. Furthermore, it has been agreed that the scheduling timing between UL grant and UL data is also indicated explicitly. It is also beneficial to allow explicit and flexible indication for the scheduling timing between DL grant and DL data. The design of HARQ/scheduling time shall efficiently support flexible duplex.
Particularly for flexible duplex, it should allow HARQ-ACK transmission corresponding to DL data in a subset of subframes/slots. This is due to the fact that much less subframes/slots may be assigned for UL than for DL, in order to accommodate the DL heavy traffic situation observed in practical networks.
Proposal 6: Strive for flexible HARQ/scheduling timing common to both paired and unpaired spectrum.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we provide general discussion on flexible duplex.  Following proposals are given:
Proposal 1: A preliminary definition of flexible duplex can be:
· On unpaired spectra
· Flexible UL/DL transmission on per-slot basis
· On paired spectra
· Downlink data transmission in both spectrum part of a paired spectrum
· SRS transmission in both spectrum part of a paired spectrum
Proposal 2: NR shall support a unified frame structure for both paired and unpaired spectrum.
Proposal 3: At least two sets of time resources need to be supported in NR flexible duplex
· Set 1: for fixed data transmission direction.
· Set 2: for changeable data transmission direction.
Proposal 4: UE-common signaling needs to be supported to at least indicate 
· Data transmission direction, and/or
· Slot structure
Proposal 5: Cross-link interference mitigation schemes need to be studied in NR flexible duplex.
Proposal 6: Strive for flexible HARQ/scheduling timing common to both paired and unpaired spectrum.
Finally, we also propose to provide a TR skeleton in TR38.802 to capture the related study for flexible duplex and cross-link interference mitigation:
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 7: The TR structure in the Appendix is captured in the TR38.802 for studying flexible duplex and cross-link interference mitigation in NR. 
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Appendix
Text Proposal for flexible duplex and cross-link interference mitigation in TR38.802
~~~~~~~~~~~~~~ start of the text ~~~~~~~~~~~~~~~~~~

X.          Flexible duplex and cross-link interference mitigation
X.1                Flexible duplex operations
X.2                Cross-link interference mitigation 
X.3                Evaluation of flexible duplex and cross-link interference mitigation
X.4                Summary and conclusions
~~~~~~~~~~~~~~ end of the text ~~~~~~~~~~~~~~~~~~
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