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1 Introduction

Technical features for NR include [1]:

· Tight interworking between the new RAT and LTE 

· Interworking with non-3GPP systems

· Operation in licensed bands (paired and unpaired), and licensed assisted operations in unlicensed bands.
· Stand-alone operation in licensed bands.
When considering dynamic TDD operation for NR, coexistence of NR cells with LTE TDD cells in the same frequency band (below 6 GHz) is an important aspect. 

This contribution considers various aspects related to the application of dynamic TDD for NR below 6 GHz.
2 Dynamic TDD for NR (<6 GHz)
The objective for tight interworking between LTE and NR, or for potential non-standalone operation for NR, is efficiently enabled by having the LTE notions of subframe and radio frame extended to NR. Therefore, the LTE radio frame can remain applicable for the NR and contain a variable number of subframes depending on the scenario (eMBB, mMTC, URLLC) and the numerology. For example, for 15 KHz sub-carrier spacing, the sub-frame duration can be 1 msec for eMBB, smaller than 1 msec for URLLC and larger than or equal to 1 msec for mMTC.  

A radio frame in LTE TDD is associated with an UL/DL configuration and 3 subframe types; a DL subframe, an UL subframe, and a special subframe. The special subframe supports same DL transmissions (control, data, RS) as a full DL subframe except for system information. The special subframe also supports UL transmissions except for PUCCH (in [2], support for PUSCH will be provided for a specific special subframe configuration) and for PRACH formats associated with large cell sizes.
Using LTE TDD as reference, whether to define three subframe types (full DL, full UL, special SF) or a single subframe type (special SF with variable DL/UL partitioning that can include full DL and full UL) is mostly a matter of terminology. As there is no apparent reason to deviate from established practice, it is preferable to define a full DL subframe, a full UL subframe, and a special subframe also for NR TDD (e.g. Figure 1). There is no apparent reason to use a different terminology for the special subframe in NR differently than in LTE (same as for a DL subframe or an UL subframe). 
A special subframe can include support of PUCCH (only missing component from the special subframe in LTE) and can have the same structure as in LTE, namely a DL part in the beginning, followed by a GP part, and finally by an UL part. All combinations for DL data and control and UL data and control can be initially considered (for example, no need to preclude special subframe that a special subframe configuration supported both DL control/data signaling and UL control/data signaling). For NR FDD, there is no apparent need to define a special subframe. A full DL subframe is needed at least for providing high DL data rates, system information, and reference signals for measurements and time-frequency synchronization. A full UL subframe is needed at least for PRACH transmissions supporting moderate/large cell sizes (if the NR cell is not collocated with an LTE cell in non-standalone operation), for providing high UL data rates, and for coverage. Multi-subframe scheduling over a number of N subframes can be enabled similar to LTE and does not require that N consecutive subframes are of the same type. 

Observation 1: NR TDD can include the subframe structures of full DL subframe, full UL subframe, and special subframe as in LTE TDD. PUCCH support can be considered for some special subframe configurations.

Observation 2: Special subframe configurations in NR TDD can be considered to allow for all combinations of DL control and data and UL control and data.  
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Figure 1: Subframe Types for NR TDD
One issue is whether a subframe type is associated with an UL/DL configuration or is fully flexible and determined from DL assignments or UL grants (the UL grant needs to also convey the PUSCH timing). For macro-cell deployments, there is no evident motivation for dynamic adaptation of a subframe type as traffic variations in the order of tens of milliseconds are not material and there is strong inter-eNB interference due to the large eNB transmission power. Similar, for mMTC applications, a much simpler operation can result by using a semi-static UL/DL configuration. 

Observation 3: For sub-6GHz, a semi-static UL/DL configuration is preferable for macro-cell deployments or for mMTC applications. 

For small cell deployments, adaptation of an UL/DL configuration was extensively studied during the eIMTA SI/WI. The eNB transmission power may be reduced but so is the cell size and the eNB-to-eNB interference is expected to have an impact particularly for realistic irregular cell shapes and considering the cell size reduction. The same applies for UE-to-UE interference that may actually increase. Further study is needed on the impact of cross-link interference for small cells and means to mitigate it. This issue was also considered in eIMTA for small cells and subframe sets and inter-eNB coordination through backhaul signaling were introduced to combat cross-link interference. The backhaul signaling may need enhancements for NR. Although interference cancellation means can be theoretically envisioned and even OFDMA may be considered in the UL to facilitate cross-link interference cancellation (at least for eMBB or URLLC below 6 GHz – although it does not address coexistence with LTE TDD cells), further study is also needed on this aspect and in particular on the ability of a UE to sufficiently and robustly cancel interference from a non-serving cell under various realistic conditions and on the associated complexity. 

Observation 4: For dynamic subframe type adaptation, cross-link interference mitigation/cancellation means need to be identified and evaluated and coexistence with LTE needs to be considered at sub-6GHz. 

For small cell deployments at sub-6GHz, based on system throughput evaluations during the eIMTA SI, there is little/no benefit in adapting the subframe type faster than 10-20 msec [3] (benefit for faster adaptation for above 6 GHz requires further study). Physical layer signaling adapting the UL/DL configuration every 10 msec or more slowly was adopted. One reason was for enabling a UE to perform measurements (e.g. based on CRS) as the UE can know the DL subframes in advance and this can be beneficial in reducing UE complexity and improving measurement accuracy (CSI, RSRP, time-frequency synchronization, etc.). This reason may not be applicable for NR assuming absence of CRS, dynamic CSI-RS configurations, and use of a semi-static or dynamic DRS subframe for measurements as in LAA. Another reason was to avoid PDCCH decoding operations in UL subframes, conserve UE power (UE can turn off over a number of consecutive UL subframes if it does not have PUSCH transmission), and reduce probability of false alarms due to incorrect CRC checks. This reason remains applicable for NR. Another reason was to enable inter-cell interference coordination. This reason also remains applicable for NR and may additionally facilitate coexistence with LTE cells. 

Observation 5: At sub-6GHz, practically all spectral efficiency gains from adapting a subframe type in small cell deployment can be obtained from an adaptation rate of every 10-20 msec.  

Observation 6: UE power efficiency improves when the UE knows the TDD UL/DL configuration over a number of subframes. 

Observation 7: Relying on a UL/DL configuration per radio frame facilitates inter-eNB interference coordination and coexistence with LTE TDD cells. 

In case a subframe type can dynamically switch among any of the three types (full DL, full UL, special), signaling in DCI formats will be necessary to indicate the subframe type and possibly the partitioning between the DL part and UL part (the GP part may be predetermined) in a special subframe. Such UE-specific signaling will result to more control overhead than the UE-common control signaling in eIMTA (and a similar one adopted for LAA). Moreover, no forward compatibility implications fundamentally exist depending on whether or not a subframe type can be adapted per subframe or per several subframes. For example, UL-DL configuration 0 with only 2 DL subframes allows for arbitrary usage of most time resources subframe in a radio frame. Further, a configuration of only UL subframes in a radio frame can be introduced to potentially disable an arbitrary number of radio frames from usage in order to free the resources for any type of future application. 
Observation 8: Adapting an UL/DL configuration per radio frame may require less signaling overhead than adapting a subframe type per subframe at least when a bi-directional subframe with multiple configurations needs to be supported.

Observation 9: Utilizing an UL/DL configuration per radio frame does not impose forward compatibility constraints. 

At least for an NR carrier in stand-alone operation, semi-static allocation of some DL subframes, similar to subframes 0 and 5 in LTE TDD, but possibly with reduced periodicity for small cells supporting limited mobility, will be needed to convey system information, reference signals for time-frequency synchronization, and enable intra-cell and inter-cell measurements (similar aspects were considered in the new carrier type SI). Similar, a semi-static allocation of an UL subframe, similar to subframe 2 in LTE TDD, will be needed to support PRACH (at least for cell sizes around 10 Km or more – not needed in case of collocated LTE carrier) or possibly SR transmissions (not needed if they can be supported through an LTE carrier). For stand-alone NR operation, system access latency, power consumption for measurements, time/frequency synchronization, and overall system robustness aspects need to be considered when determining appropriate periodicities of subframes enabling measurement, system information acquisition, and random access. 
Observation 10: For <6GHz, for a stand-alone NR carrier (primarily) or for a NR carrier non-collocated with an LTE carrier, at least some subframes need to have a fixed direction and periodic occurrence can simplify UE/system operation and power consumption.  
3 Conclusions

This contribution considered aspects for dynamic TDD operation in NR. Based on the observations from the analysis, the following are proposed. 
Proposal 1: The three subframe types in TDD LTE (DL, UL, special) are maintained in NR with enhancements to the special subframe type to support PUCCH. 

Proposal 2: For <6GHz, dynamic adaptation of a subframe type is based at least on LTE eIMTA. Subframe-based dynamic adaptation is FFS subject to coexistence with TDD LTE and feasibility for cross-link interference management. 
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