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1. Introduction

At the RAN1 #86 meeting, several agreements were reached regarding duplexing [1], including
	Agreements:
· 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
Agreements:
· Unless otherwise specified or indicated to the UE, the UE shall make no assumption on whether to transmit or receive at least within the data region(s) in a given time interval X

· Indication to the UE may include

· Dynamic L1 signaling

· RRC configuration

· Broadcast signaling

· …


In this contribution, we discuss several aspects with respect to dynamic TDD in the context of NR. The possible time-scales of dynamic TDD are discussed first based on the agreement on frame structure in RAN1#86 meeting. Then, potential necessary mechanisms to enable dynamic TDD operation in NR are discussed, including interference management, flexible timing and other related aspects. 
2. Motivations for flexible dynamic TDD for NR
TDD is a promising duplex way for better spectrum utilization especially for higher carrier frequencies such as 3.5GHz, since duplexer gap is not necessary. Besides, it is considered that more flexible communications can be realized since it can adapt DL-UL traffic and offers beam-forming operation based on the channel reciprocity. In LTE, seven different semi-static UL-DL configurations are defined to allow asymmetric UL-DL resource allocation [2]. The DL resources provided by these configurations range from 40%~90%. However, the semi-static allocation may not flexibly match the instantaneous traffic variation. Accordingly, in LTE-A [3], eIMTA in which the TDD UL-DL configuration is dynamically changed among seven candidates to enable traffic adaptation was introduced. One of the fundamental characteristics of LTE is the backward compatibility; no any additional UL-DL configuration has been supported so far. 
For NR, especially at higher carrier frequencies such as around 30GHz or higher, TDD would be more promising, because of the usage of those frequencies. Small coverage area offers better effectiveness of traffic adaptation. Channel reciprocity offers extra overhead reduction for CSI measurement/sounding of beam-forming operation. Bearing in mind that backward compatibility is not required for NR, it is beneficial to design NR system from the beginning such that highly flexible dynamic TDD works without restrictions. The mechanisms for flexible dynamic TDD could guarantee forward compatibility if it offers scheduling unit-level resource blanking by default.
3. Possible time scales of NR dynamic TDD
As previously discussed, transmission direction should be able to be determined dynamically. Taking into account the possible time-domain structure of NR [4], following time scales can be considered as the possible time scales for NR dynamic TDD:
· Option 0: longer than a subframe (e.g., 10ms)
· Option 1: subframe (e.g., 1ms)
· Option 2: scheduling unit having more than 7 symbols (slot or multi-slots, depending on scheduling granularity)
· Option 3: slot

· Option 4: mini-slot
Different time scale may have different system impact. From the perspective of traffic adaptation, shorter time scale may be beneficial, e.g., per slot, which could be realized by, e.g., using DL control signaling at the beginning of a slot. For small cell deployment, shorter time scale may be useful to enable very fast traffic adaptation to the traffic variation since the traffic variations are much larger than that in a large cell. However, the frequent DL-to-UL switching loses spectral efficiency due to guard period overhead. Furthermore, for macro-cell deployment, the frequent switching between DL and UL may not be necessary as the traffic characteristics are rather static. 
Another issue is the service type supported in the TDD carrier. For example, if URLLC is supported in TDD carrier, then large time scale, i.e., slow UL-DL adaptation would be harmful for latency reduction of URLLC traffic as discussed in the TDD FS2 in LR SI [5]. For eMBB, short time scale may be beneficial to speed up data transfer during TCP slow start phase as observed in the short-TTI discussion, but very fast/frequent switching sacrifices spectral efficiency due to the overhead increase of DL-UL switching and control signalling. 
Based on the above discussion, it can be found that depending on required traffic adaptation speed, acceptable overhead, and possible interference management, appropriate time-scale of dynamic TDD may be different. On the other hand, at least from forward compatibility point of view, the dynamic TDD dynamics should be dynamic enough. Considering the time-domain frame structure [4], we could reach following proposal. 

Proposal 1:
· Support dynamic TDD for NR in which transmission direction is able to be determined dynamically.

· The dynamic TDD time scale should not be longer than 1ms.

· The dynamic TDD time scale should not be shorter than one mini-slot.

4. Potential necessary mechanisms to enable dynamic TDD

In this section, we discuss several potential necessary mechanisms to enable dynamic TDD, including interference management, flexible timing and signalling design aspects.
4.1 Interference mitigation
The dynamic TDD causes additional interference, a.k.a cross-link interference. The characteristics of cross-link interference would highly depend on the application of massive MIMO, operated carrier frequency/bandwidth, target deployment scenario, etc. The impact of cross-link interference should be investigated under typical combinations of those aspects. This is discussed in our companion papers [6], [7].
With a sufficient knowledge of cross-link interference under typical environments, channels/signals for dynamic TDD can be identified. NR is composed of various channels/signals, including initial access related channels/signals, beam/CSI management related channels/signals, DL/UL control channels, and DL/UL data channels. Different channels/signals have different requirements on reliability/performance. If a contention-based mechanism (e.g., listen-before-talk (LBT) as in unlicensed operation) is used with a sufficient reliability of contention detection, any channels/signals can be based on the dynamic TDD since there is no cross-link interference. In case where cross-link interference is not significant (e.g., small cell and low load traffic situation), dynamic TDD is effective at least for DL/UL data channels since HARQ is available, while cross-link interference should still be avoided on important channels/signals such as initial access related channels/signals and beam/CSI measurement related channels/signals. Dynamic TDD may be applicable to DL/UL control channels if cross-link interference is sufficiently suppressed or if an appropriate interference mitigation scheme is adopted. In case where cross-link interference is significant (e.g., macro cell or high load traffic situation), dynamic TDD may not be applicable. As such, for which channel/signal dynamic TDD is applicable depends on the environments/scenarios and the interference mitigation schemes. Possible dynamic/static TDD operations are illustrated in Fig. 1.
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(a) Full dynamic TDD.
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(b) Dynamic TDD on DL/UL data/control channels.
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(c) Dynamic TDD on DL/UL data channels.
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(d) Fixed/static TDD.
Fig. 1
Possible dynamic TDD applications.

Proposal 2:
· Primary target of dynamic TDD operation is DL/UL data channels.

· Specification should allow dynamically determining transmission direction for other channels such as DL/UL control channels and beam/CSI measurement related channels/signals for certain scenarios.

· Study further whether it is feasible to apply dynamic TDD operation for other DL/UL channels/signals.
· Study further necessary interference mitigation schemes to suppress cross-link interference.
4.2 Flexible timing
For eIMTA, reference configuration is defined to handle the HARQ timeline issues. For NR dynamic TDD, HARQ timeline is still an open issue to be investigated. To fully exploit the flexibility, flexible timing at least for UL scheduling and HARQ-ACK feedback for DL data reception should be baseline. Detailed mechanisms of flexible timing for UL scheduling and HARQ-ACK feedback for DL data reception are discussed in our companion paper [8].
Proposal 3:
· Support flexible timing for UL scheduling and HARQ-ACK feedback for DL data reception for dynamic TDD.

4.3 Signaling design 

In general, UE will perform blind decodes of DL control channel candidates with a certain periodicity, and once DL control channel is identified, the UE receives/transmits DL/UL data based on the DL control channel for the scheduled data resources. This means that transmission direction of a particular resources can be indicated by the DL control channel. 
According to the agreement, unless otherwise specified or indicated to the UE, the UE shall make no assumption on whether to transmit or receive at least within the data region(s) in a given time interval X. This implies that blank resource can easily be created with the granularity of dynamic TDD time-scale, which is useful to ensure forward compatibility. 
Proposal 4:
· For dynamic TDD, transmission direction of a particular resources is indicated by the DL control channel.

5. Summary
In this contribution, we discussed several aspects for dynamic TDD in NR. The observations and proposals are summarized as follows.
Proposal 1:
· Support dynamic TDD for NR in which transmission direction is able to be determined dynamically.

· The dynamic TDD time scale should not be longer than 1ms.

· The dynamic TDD time scale should not be shorter than one mini-slot.

Proposal 2:
· Primary target of dynamic TDD operation is DL/UL data channels.

· Specification should allow dynamically determining transmission direction for other channels such as DL/UL control channels and beam/CSI measurement related channels/signals for certain scenarios.

· Study further whether it is feasible to apply dynamic TDD operation for other DL/UL channels/signals.
· Study further necessary interference mitigation schemes to suppress cross-link interference.
Proposal 3:
· Support flexible timing for UL scheduling and HARQ-ACK feedback for DL data reception for dynamic TDD.

Proposal 4:
· For dynamic TDD, transmission direction of a particular resources is indicated by the DL control channel.
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