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Introduction
Techniques to support flexible uses of spectrum and time resource have been proposed and discussed extensively with agreements/conclusions reached to study/support as design targets a wide range of duplexing schemes. 
Agreements (RAN1#86):
· NR should support at least following design targets: 
· It should allow FDD operation on a paired spectrum 
· It should allow different transmission directions in either part of a paired spectrum
· It should allow TDD operation on an unpaired spectrum where the transmission direction of time resources is not dynamically changing
· It should allow TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing
· FFS: It should allow support of full duplex in a forward compatible way
· Note: transmission directions include all of downlink, uplink, sidelink, and backhaul link 
· Note that additional discussion is needed about the timing to support above targets, particulally the second sub-bullet
· Note that some design targets may or may not be transparent to UE

Besides the more conventional duplexing schemes such as FDD and TDD (static/semi-statically adaptive) which should be naturally supported for NR, the other two main cases agreed to be supported as design targets for NR are the following:
1. Dynamic TDD: This refers to the case where dynamic allocation of time resources among UL/DL direction can be possible in a TDD band (see e.g. [1],[2],[3] )
2. Flexible duplexing on paired spectrum (FDP): This refers to the flexibility in allowing UL/DL transmission in any FDD band (see e.g. [3]).
Additional discussion is still needed about the timing of supporting the design targets. In this contribution, we present our views on NR duplexing schemes and propose prioritization direction for NR.
NR duplexing
Flexible duplexing on paired spectrum (FDP)
The main advantage of flexible duplexing on paired spectrum is to have flexibility to perform DL on the UL FDD band. So far, there has been limited evaluation work on FDP. [5] evaluated flexible duplexing on UL band of a paired spectrum with dynamic allocation for an urban scenario to show some potential gains in average DL rate, however there is also a significant penalty on the average UL rate. Nevertheless, there are other important issues to consider:
a) Previous studies on the regulatory aspects of flexible duplex [7] indicate that most regions in the world either do not allow, or impose severe restrictions, on the use of FDD uplink as downlink and vice versa. For example, the use of FDD uplink as downlink and vice versa is not allowed in Europe and Japan. In the US, restrictions vary depending on the specific UL bands; e.g. fixed transmission (and therefore downlink operation) is not allowed in 814-824 MHz, 1695-1710 MHz, and 1755-1780 MHz. Although fixed transmissions or downlink operation are permitted in 1710-1755 MHz and 1915-1920 MHz, the allowed transmit power is the same as the UE’s. In addition base stations in 1710-1755 MHz are only limited to a 10 m AGL (Above Ground Level) antenna height.  
b) The regulatory constraints mean that the market for device capable of flexible duplex will be very limited. 
c) Even in the regions where flexible duplexing is permitted, the available frequency bands and the applicable deployment scenarios will be severely limited as a result of the regulatory constraints on either the tx power or the antenna height for gNB operating DL in UL bands. The potential performance gain of flexible duplex would be marginal as a result.
d) Co-existence handling with legacy FDD LTE is non-trivial. Cross-link interference mitigation options are limited due to backward compatibility constraint. 
Based on the above and given the limited time for NR standardization, we propose to deprioritize further study and standardization effort of flexible duplexing on paired spectrum, at least, for NR Phase 1.
Proposal 1: Further study and standardization effort on flexible duplexing on paired spectrum should be deprioritized for NR, at least for Phase 1.

Dynamic TDD
[bookmark: _GoBack]Dynamic TDD provides flexible allocation of UL/DL time resources which provide significant advantage when traffic is not symmetric and is dynamic. However, if the neighboring cells have different transmission directions, there is additional cross-link interference (CCI) which can degrade SINR performance. There are two types of CCI due to dynamic TDD, UL-to-DL interference and DL-to-UL interference, as shown in Figure 1. BS 1 is transmitting to UE A in downlink direction and BS 2 is receiving signal from UE B in uplink direction. The transmission from BS 1 would cause DL-to-UL interference to BS 2. The transmission from UE B would cause UL-to-DL interference to UE A. 
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Figure 1
In CCI, the interference signal strength could be higher than the signal strength. In the example of Figure 1, the transmit power of gNB (e.g. 43dBm, 33dBm) is higher than that of the UE (e.g. 23dBm). The path between BS 1 and BS 2 could have higher LOS probability than that of the link between UE B and BS 2. Nevertheless, through implementation approaches such as transmit beamforming/precoding at the aggressor BS (FD-MIMO for <6GHz or hybrid beamforming for >6GHz), and/or receive beamforming at the victim gNB, DL-to-UL CCI can be suppressed to a certain extent. On the UL-to-DL interference, when the UE A is very close to UE B, the strength of interference from UE B could be higher than that of the DL signal from gNB 1 despite the lower Tx power of UE B due to smaller path loss and potential LOS between UE A and UE B. An important observation in this case is that UL-to-DL CCI is UE specific as it depends on the locations of UE A and UE B.
Nevertheless, dynamic TDD has been shown to achieve rate gain for hot spot models [4] and urban scenarios [5] when cross-link interference mitigation scheme is applied (see also [6]). It is clear that interference coordination or mitigation is crucial to get the reasonable gains from dynamic TDD. It should also be noted that dynamic TDD can be beneficial for achieving latency reduction when URLLC and eMBB services are supported [2]. Overall, the use of dynamic TDD looks promising for NR, both in throughput improvement and latency reductions. Therefore, we propose that dynamic/semi-static TDD adaptation should be prioritized for further study and standardization effort on cross-link interference mitigation.
Proposal 2: Dynamic/semi-static TDD adaptation should be prioritized for further study and standardization effort on cross-link interference mitigation.
Conclusion
In this contribution, our views on flexible duplexing on pair spectrum and dynamic TDD are presented with the following proposals:
Proposal 1: Further study and standardization effort on flexible duplexing on paired spectrum should be deprioritized for NR, at least for Phase 1.
Proposal 2: Dynamic/semi-static TDD adaptation should be prioritized for further study and standardization effort on cross-link interference mitigation.
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