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Introduction
In RAN1#84bis, it was agreed to study frame structures supporting at least FDD and TDD duplex arrangements. It was also agreed to study flexible duplex schemes. In RAN1#85, it was agreed that RAN1 should strive for maximizing commonality between TDD and FDD while optimizations can be made for only TDD or FDD. In RAN1#86, it has been agreed that NR should support at least semi-static assignment of DL/UL transmission direction. It was also agreed in RAN1#86, that NR should allow TDD operation on unpaired spectrum where the transmission direction of most time resources can be dynamically changing. Companies have provided input in RAN1 on various methods of flexibly modifying the duplex scheme. It has been recognized that some of these duplexing methods may suffer from negative performance impacts due to the asymmetry in transmit powers in the downlink and uplink in some deployments. Evaluation assumptions for analyzing the performance of different duplexing methods and potential interference management schemes have been agreed in RAN1#86. This contribution discusses these flexible duplexing methods and associated interference management schemes and how to proceed with the consideration of such schemes for NR.
Discussion
The duplexing methods that have been discussed to provide more flexibility than the traditional TDD and FDD scheduling methods, perform duplexing more dynamically either in time or in frequency or both. 
As discussed in [1], operation with a flexible duplex structure in time is a good foundation upon which NR design should be based. With such flexibility, the frame structure can follow more fixed patterns similar to frame structures 1 and 2 (FDD and TDD respectively) or be adapted more dynamically similar to frame structure 3 (fully dynamic TDD). The fixed patterns can be used in wide-area macro deployments where the gNB powers and antenna heights are much greater than those of the UEs and interference from a DL transmission can severely interfere with the reception of the UL. In local area deployments where the gNB power and antenna heights are more similar to those at the UE and the difference between interference from another gNB or a UE is not as large, the duplexing between DL and UL transmissions can be more dynamic. Such dynamic time division duplexing is generally beneficial when the traffic patterns are more unpredictable and also necessary for effective operation in unlicensed spectrum. 
The current agreements on NR allow for dynamic TDD but say that transmission direction of most time resources can be dynamically changing. The resources that are not changing could, for instance, carry reference signals or system information. However, while this is suitable for licensed spectrum, it is clear from the Rel-13 work on licensed assisted access (LAA) to unlicensed spectrum with LTE that there is a benefit to allowing even such resources to be dynamically changing. Generally, restrictions on how to use resources can have greater performance implications in unlicensed spectrum due to the unpredictability of channel access when sharing with other systems and technologies. For instance, the fact that the DRS on an LAA SCell can be transmitted in multiple locations within a small window can increase the probability that UL transmissions can take place after a channel access and that the DRS is transmitted. To illustrate this with an example in the LAA context, if an eNB obtains channel access in subframe n-4, where n is the subframe where the DRS is normally supposed to be transmitted, and there is a UE that has latency sensitive data needs to be transmitted, it may be beneficial for the eNB to use subframe n to schedule UL data for the UE and transmit DRS in a later subframe, say subframe n+2.  Therefore, it would be beneficial for NR to support a mode of operation where all time resources can be dynamically changing. From a forward compatibility perspective, it would be better to ensure that such a mode is supported in the first release of NR. We therefore propose the following.
Proposal: The first release of NR should include a mode where all time resources can be dynamically changing between downlink and uplink transmissions.

The methods that have been discussed which involve flexible duplexing in frequency where the duplexing is done on a per carrier basis can simply be thought of as special cases of two carriers that operate with fully dynamic TDD but with some potential restrictions. Simultaneous transmission on one carrier and reception on another carrier may be achievable from a single gNB depending on the spacing between the two carriers in frequency. Some duplexing techniques in frequency have been discussed where the duplexing happens within a carrier. Such duplexing is generally much harder to achieve or is highly inefficient due to the need for guard bands. While implementations can try to reduce the inefficiency through various techniques, such techniques are likely to be quite complex and probably impractical in many cases. Considering the time line for the NR study and specification, such schemes should not be considered in phase 1.
Proposal: Any duplexing schemes that involve simultaneous transmission on the DL and UL within the same carrier from a single device should not be included as part of the study. Such schemes can be studied for later releases of NR if necessary.

As discussed earlier, when DL and UL transmissions are duplexed dynamically in time in wide area deployments or without coordination, there can be interference between DL and UL transmissions which can have negative impacts on performance. Different schemes to mitigate such interference have been discussed including resource assignment coordination, enhancements to LTE ICIC schemes and interference cancellation techniques. However, it should be recognized that when NR operates with very dynamic duplexing in time with a larger number of antennas than is typical in LTE, the effects of interference even in wide-area deployments will likely be different from that seen in LTE, especially when operating in higher frequency bands. Hence, before any specific interference mitigation schemes are considered, it is important to assess the performance of dynamic TDD in different deployment scenarios.
Proposal: The performance of dynamic time division duplexing without any specific interference management mechanisms should be evaluated in different deployment scenarios. 

Regarding the interference management schemes that have been discussed, once again the time line for the study and specification of NR should be taken into account. If dynamic time division duplexing provides good performance for at least some of the considered scenarios, there is no urgency to consider complex interference mitigation schemes in the study at this stage. Such schemes could be considered at a later stage if necessary after careful evaluation of the performance benefits. Of course, if there are some simple coordination schemes that provide significant gains, these could be considered earlier.
Proposal: Study of complex interference management schemes to mitigate interference from dynamic duplexing should be postponed to future releases of NR.
Conclusion
This paper discussed flexible duplexing and associated interference management schemes and how to proceed with the consideration of such schemes. The following proposals were made.
Proposal: The first release of NR should include a mode where all time resources can be dynamically changing between downlink and uplink transmissions.
Proposal: Any duplexing schemes that involve simultaneous transmission on the DL and UL within the same carrier from a device should not be included as part of the study. Such schemes can be studied for later releases of NR if necessary.
Proposal: The performance of dynamic time division duplexing without any specific interference management mechanisms should be evaluated in different deployment scenarios.
Proposal: Study of complex interference management schemes to mitigate interference from dynamic duplexing should be postponed to future releases of NR.
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