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Introduction
[bookmark: _Ref129681832]In [1], a unified duplex is proposed. Unified duplex aims to allow most flexible time-frequency resource usage of operators’ spectrum under a single framework. Unified duplex shall inherently support both dynamic TDD and flexible duplex, and is also forward compatible to support full duplex. 
The concepts of dynamic TDD and flexible duplex have been extensively discussed in the past. Dynamic TDD is applicable to an unpaired spectrum where most of the time-frequency resources can be dynamically allocated for DL or UL, depending on the traffic need. Flexible duplex is applicable to a paired spectrum where DL and UL transmission can occur in each part of the paired spectrum. For flexible duplex of a paired spectrum, it is noted that DL/UL subframe partition in each part of the paired spectrum can be either semi-static or dynamic.
In this contribution, we discuss several aspects related to dynamic TDD, including evaluation scenarios, interference management, and other related design aspects. 
Overview of unified duplex for unpaired spectrum
NR should allow the following usage of an unpaired spectrum [1]:
· It should allow TDD operation on an unpaired spectrum where the transmission direction of most subframes can be dynamically changing;
· It should allow TDD operation on an unpaired spectrum where the DL/UL configuration is not dynamically changing;
Dynamic TDD in which the transmission direction of most subframes can be adjusted based on the instantaneous traffic condition is beneficial to improve the user perceived packet throughput. A similar feature already exists in LTE, i.e. LTE eIMTA. The feature of LTE eIMTA was introduced in Rel-12 and backward compatibility was a pre-requisite for LTE eIMTA. With the backward compatibility constraint, the design of LTE eIMTA was not fully optimized in terms of performance. The NR design does not have the backward compatibility constraint and therefore has the potential to full exploitation of the dynamic TDD capability. Thus, dynamic TDD will be better supported in NR.
While dynamic TDD may be applicable to certain deployments, a rather semi-static operation for DL and UL usage is required in other deployments, e.g. deployments in which strong eNB-to-eNB interference or UE-to-UE interference cannot be sufficiently mitigated. Coexistence of NR and LTE TDD in neighboring carrier frequencies is another motivation to allow semi-static subframe allocation for DL and UL in the NR carrier. As discussed in [6], a set of candidate TDD UL/DL configurations needs to be defined for semi-static operation. The detailed candidate TDD UL/DL configurations need further study. However, DL-only configuration as kind of flexibility should be supported since it was agreed to be introduced in NR at the RAN #70 meeting. For DL-only configuration, it is beneficial especially combined with one or more DL-dominant subframes which support a short UL part for sounding reference signal, HARQ-ACK and CSI, e.g. to exploit channel reciprocity and self-contained HARQ-ACK and CSI in the same carrier. UL-only configuration can also be considered and studied further.
Unified duplex for unpaired spectrum – dynamic TDD
In this section, we focus on the feature of dynamic TDD for unpaired spectrum.
Scenarios for Dynamic TDD
Multiple deployment scenarios for NR are proposed by [2], including indoor hotspot, dense urban, rural, urban macro and high speed. It is therefore beneficial to reuse some of the already agreed NR evaluation scenarios to assess the performance of dynamic TDD. Table 1 summarizes a potential set of NR scenarios for dynamic TDD evaluation. The detailed simulation assumptions are presented in [3]. It is noted that most of the simulation assumptions are used from the already agreed parameters, and necessary additional assumptions are provided in [3].
[bookmark: _Ref457890939][bookmark: _Ref457851684]Table 1: Possible scenarios for dynamic TDD evaluation
	Index
	Site co-existence type
	Channel co-existence type
	Frequency 
	Deployment

	1
	Macro-Micro
	Single operator
	30GHz
	Dense urban

	2
	Macro-Macro
	Single operator
	4GHz
	Urban macro

	3
	Indoor TRP- Indoor TRP
	Single operator
	30GHz
	Indoor hotspot

	4
	Macro-Micro
	Multi-operator
	30GHz
	Dense urban

	5
	Macro-Macro
	Multi-operator
	4GHz
	Urban macro


Cross-link interference mitigation
In dynamic TDD, cross-link interference, e.g. eNB-to-eNB and UE-to-UE interference, exists in case neighboring cells use different transmission direction on the same time-frequency resource. An example is shown in Figure 1.

[image: ]
Figure 1: Example of cross-link interference in dynamic TDD
Mitigation of cross-link interference was also studied during the LTE eIMTA study/work item. In general, a combination of standardized solutions and implementation dependent solutions may be used to mitigate the cross-link interference. For NR design, the cross-link interference may exhibit different behavior compared to the cross-link interference evaluated in the LTE eIMTA study/work item:
· New carrier frequency ranges are targeted for NR compared to LTE. In high frequency bands, larger pathloss reduces the cross-link interference compared to that observed in the LTE eIMTA SI/WI. 
· Massive MIMO is an effective tool to improve the system performance. With massive MIMO and beamforming with very narrow beamwidth, the statistics of cross-link interference changes compared to that observed in the LTE eIMTA SI/WI.
Interference mitigation schemes are useful to extend the possible deployment scenarios in which dynamic TDD can be applied, therefore deserving carefully study and evaluation for dynamic TDD in NR. 
It is noted that cross-link interference may be present not only for data channels but also for control channels. However, with a proper design of subframe type and HARQ/scheduling timing, it is possible to avoid cross-link interference on control channels. For example, dynamic TDD based on mixed DL/UL subframe [4][5] can provide the possibility to enable the alignment of control channel across cells as shown in Figure 2, which can minimize the impact of cross-link interference on control channel. However, it should be noted that dynamic TDD in NR does not mandate that all subframes are mixed DL/UL subframes. As long as the time-resources for control channels can be coordinated among neighboring cells, cross-link interference may not be present on the control channels. 


[bookmark: _Ref457851904]Figure 2: Mixed DL/UL subframe to avoid cross-link interference on control channels
Signaling design for flexible resource indication
[bookmark: _GoBack]For better utilization of dynamic TDD, NR should maximize the resource that can be used flexibly. Fixed DL resources are still required for dynamic TDD to transmit multiple essential signals, e.g. MIB transmission, synchronization signal and/or reference signals. Typically, the fixed DL resources may occupy one subframe or some OFDM symbol(s). The occupied resources should be minimized to leave as much resources as possible for flexible utilization. An example of subframes with fixed DL resources and flexible resources is shown in Figure 3. For non-standalone case, UEs may gain access to MIB from other carriers, thus it is possible to further reduce the occupied fixed resources. On the other hand, for standalone case, appropriate channelization design can be applied to reduce the occupied fixed resources. 


[bookmark: _Ref457851938]Figure 3: Example of fixed and flexible resource for dynamic TDD
In order to exploit the fully dynamic indication of transmission direction of each subframe, the signaling design needs to enable dynamic resource on a subframe basis. Either implicit or explicit signaling design is possible and needs further study.
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 dynamic TDD.
CSI and Power control
Due to the fluctuated interference levels in different subframes or sets of subframe, more flexible and robust CSI measurement/report and power control shall be studied further. It is noted that during the study for LTE eIMTA, similar concepts (i.e. subframe sets dependent CSI measurement/report and UL power control) have been studied and specified.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss unified duplex for unpaired spectrum. The intended design targets for unpaired spectrum within the unified duplex framework are provided. Dynamic TDD is deemed as the most critical feature for unpaired spectrum in NR. Several design aspects such as evaluation scenarios, interference mitigation, signaling indication, HARQ/scheduling timing, CSI, and power control are discussed. Further in-depth study is needed in the NR SI on dynamic TDD.
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