


TSG-RAN WG1 #86bis	R1-1609628
Lisbon, Portugal, October 10 – 14, 2016

Source:	Ericsson
[bookmark: Title]Title:	On dynamic TDD
[bookmark: Source]Agenda Item:	8.1.6.1
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
[bookmark: _GoBack]Spectrum allocations are either paired or unpaired where the former typically is exploited using FDD and the latter using TDD. The higher up in frequency, the likelier that the spectrum allocation is unpaired. Consequently, TDD is even more important for NR compared to previous generations, in particular for high frequencies and small-cell deployments.
At RAN1#86, the following was agreed for NR: “It should allow TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing”. Furthermore, as a complement, it was agreed to “NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation”. 
Dynamic TDD
In LTE, Frame Structure type 2 is designed with a (more or less) fixed uplink-downlink allocation that is not changed over time. This is a reasonable choice for wide-area macro deployments where BS-to-BS interference is a problem. However, with an increased focus on small-cell deployments, the number of active users per cell may be small and the traffic variations larger than in a large cell. Some of the problematic interference scenarios in wide-area TDD are also less pronounced in local-area deployments. To better exploit the traffic variations, eIMTA was introduced to LTE. In short, the LTE design started with static TDD and later took steps in the direction of a more dynamic assignment of uplink/downlink resources.
For NR, TDD should obviously be supported. However, unlike LTE, the basis for the design should be dynamic TDD where the parts of a subframe carrying data (or the whole subframe) should be assignable to either uplink or downlink on a dynamic basis under the control of the scheduler as illustrated in Figure 1. This allows better exploitation of the traffic dynamics in small-cell deployments. Operation in unlicensed spectrum also requires a dynamic TDD scheme; having a fixed uplink-downlink allocation is clearly inferior in this case.
Dynamic signaling of the transmission direction does not require any specific means. The UE simply follows the scheduling assignments and grants received from the scheduler. If a downlink assignment is received for a certain time interval (e.g. a slot), the UE receives and processes the downlink data. Similarly, if an uplink grant is received, instructing the UE to transmit in a certain time interval, the UE does so. Indicating the transmission direction on a frame basis, as is the case for eIMTA, 
· results in a slower adaptation to traffic variations, 
· is inferior to a fully dynamic scheme, and 
· not a suitable choice for unlicensed spectrum.
Thus, it is important to already in the first release of NR support a fully dynamic scheme in order not to restrict future compatibility in later releases.
Clearly, dynamic assignment of the transmission direction is not relevant in all deployments, but in those cases the scheduling flexibility can be restricted as part of the implementation, possibly aided with various X2-like coordination messages. One example hereof is a macro TDD network with above-rooftop antennas where the inter-cell interference can be significant. This is also one of the scenarios where the complementary statement “NR supports at least semi-statically assigned DL/UL transmission direction as gNB operation” makes sense. On the other hand, in many high-carrier frequency deployments, and indoor and hot-spot scenarios with below-rooftop antennas the isolation is sufficient to allow for dynamic TDD operation. Operation in unlicensed spectrum is another example where there is no coordination of the interference between nodes and a dynamic scheme is suitable.
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[bookmark: _Ref458431108]Figure 1: Dynamic TDD.
Conclusion
· TDD operation should be based on dynamic TDD
· the parts of a slot carrying data can be dynamically assigned to uplink or downlink as part of the dynamic scheduling decisions
· the transmission direction can be changed on a per-slot basis
· as a baseline the UE follows the scheduling grants/scheduling assignments provided as part of the DCI and no additional signaling is needed
· Dynamic TDD needs to be part of the first NR release in order not to limit forward compatibility and support for unlicensed spectrum
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