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1 Introduction

In RAN1#85, the following were agreed: 

Agreements:
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following

· DL transmission part

· Guard

· UL transmission part

· FFS which combinations are supported and whether are indicated dynamically and/or semi-statically

· Furthermore, the following is supported

· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals

· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals

· FFS length(s) of time interval X
· FFS: other characteristics of time interval X
· Note: The usage of DL and UL does not preclude other deployment scenarios e.g., sidelink, backhaul, relay

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 aspects related to the indication of the TTI partitioning in DL/GP/UL and the coexistence of NR TDD cells and LTE TDD cells.
2 Dynamic TDD for NR
In LTE, TDD operation is based on defining an UL-DL configuration with period of 10 TTIs (10 msec) that can be adapted either by SIB or by PDCCH as fast as 10 TTIs (i.e. per UL-DL configuration period). In NR and for macro-cell deployments, there is no evident motivation for dynamic adaptation of a TTI 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 1: For macro-cell deployments or for mMTC applications, a semi-static UL-DL configuration suffices. 

For small cell deployments at sub-6GHz, based on system throughput evaluations for eIMTA [1], there is little/no benefit in adapting the subframe type faster than 10-20 msec and adaptation every 10 msec or more slowly was adopted. One reason was for enabling a UE to perform CRS-based measurements as the UE can know DL TTIs 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 TTI for measurements. Another reason was to avoid PDCCH decoding in UL TTIs, thereby conserving UE power (UE can turn off over a number of consecutive UL TTIs when it does not have PUSCH transmission) and reducing the 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 facilitate coexistence with LTE cells. Moreover, no forward compatibility implications fundamentally exist depending on whether or not a TTI type is adapted per TTI or per several TTIs. For example, LTE UL-DL configuration 0 with only 2 DL TTIs per 10 TTIs allows for arbitrary usage of most time resources in a radio frame. Further, a configuration of only UL TTIs in a radio frame can be introduced to potentially disable an arbitrary number of radio frames from usage in order to free the resources. 

Observation 2: At sub-6GHz and small-cell deployments, practically all spectral efficiency gains from adapting a TTI type can be obtained from an adaptation rate of 10-20 msec.  

Observation 3: UE power efficiency improves when UE knows whether or not a TTI includes PDCCH transmissions. 

Observation 4: Relying on an UL-DL configuration per radio frame facilitates inter-eNB interference coordination and coexistence with LTE TDD cells. 

Observation 5: Utilizing an UL-DL configuration per radio frame does not impose forward compatibility constraints. 

For above 6 GHz, it is expected that small cells will be the predominant deployment scenario; and TX and RX beamforming at both the eNB and the UE are expected to be typically performed to overcome the larger path loss. A by-product of TX and RX beamforming at both DL and UL is that inter-eNB interference and cross-link (DL-UL) interference can be significantly reduced. Moreover, the issue of co-existence with LTE is not relevant at above 6 GHz. Given the aforementioned factors, it can be beneficial to enable TTI type adaptation per TTI at above 6 GHz.
Observation 6: At above 6 GHz, it can be beneficial to enable TTI type adaptation faster than 10 msec. 

When the adaptation of a TTI type (combination of DL/GP/UL parts) is dynamic, signaling in a UE-common DCI format or in a UE-specific DCI format can indicate the partitioning between the DL part and UL part (the GP part, if any, may be predetermined). Using a UE-common DCI format is an adaptation of mechanisms used in eIMTA or in LAA to the TTI level in NR and can include additional useful information to a UE without the UE having to be scheduled such as whether subsequent TTIs convey DL transmissions (e.g. for forward compatibility, UE power savings, multi-TTI scheduling, etc.), of CSI-RS resources for all UEs in the TTI in order to enable PDSCH rate matching, of reference signals for time-frequency synchronization, of PRACH/SR resources, etc. When the adaptation of a TTI type is semi-static, a SIB can convey a periodic configuration of TTI types (similar to LTE).
Observation 7: For TTI-type adaptation per TTI, UE-common control signaling can inform of the TTI type and also provide additional information to improve/enable system functionalities.

3 Coexistence Aspects
In LTE, coexistence for TDD cells is straightforward as an UL-DL configuration can be same for groups of cells with non-negligible eNB-to-eNB interference. This issue was also considered in eIMTA and subframe sets and inter-eNB coordination through backhaul signaling were introduced to combat cross-link interference. The same can apply in NR at least for macro-cell operation or when coexistence between NR TDD cells and legacy LTE TDD cells is necessary.

For small cell operation, coexistence among NR TDD cells and adaptation of a TTI type per TTI, eNB-to-eNB interference cancellation can be performed at a reception point using NOMA principles when the received power of DL transmissions is materially larger than the received power of UL transmissions. This assumes use of same OFDM-based waveform (and numerology) in DL and UL and that the receiver knows the scheduling information associated with DL transmissions and UL transmissions in neighboring cells during a TTI. This can be possible in case of a centralized scheduler or in case the backhaul latency is not material compared to the overall processing latency. To enable reliable demodulation of the weaker signal or precoded DL transmissions and UL transmissions, orthogonal multiplexing of DL/UL DMRS transmissions is needed in order to enable NOMA. Regardless of the DMRS design in NR, e.g. whether a LTE-based DL DMRS design is also used for UL DMRS or whether a LTE-based UL DMRS design is also used for DL DMRS, it is required that respective TTI symbols are same. This is not possible for control signaling, particularly for interference between UL control and DL data. Network-specific solutions can then be considered where, assuming flexible UCI timing, UCI can be transmitted in TTIs experiencing UL interference. 
Observation 8: NOMA-based schemes and orthogonal DL/UL DMRS multiplexing can be used to cancel eNB-to-eNB interference when a TTI type is independently adapted per TTI. 
A DL reception by a UE from an eNB can sometimes be significantly interfered by an UL transmission from another UE to another eNB. Interference cancellation at the UE using NOMA principles can also be performed when the received power of the DL transmission is materially smaller than the received power of an interfered UL transmission. Orthogonal DL/UL DMRS multiplexing can also enable such interference cancellation at the UE. Moreover, since the UL-to-DL interference depends on the location of the victim UE and the aggressor UE (UE-specific in nature), it is beneficial if the presence of the aggressor UE can be detected, e.g. through detection and reporting by the victim UE of a signal transmitted by the aggressor UE.
Observation 9: To facilitate detection of UL-to-DL interference when a when a TTI type is independently adapted per TTI, the victim UE can detect and report a signal transmitted by the aggressor UE.
4 Conclusions

This contribution considered aspects for dynamic TDD operation in NR. Based on the observations from the analysis, the following are proposed. 
Proposal 1: NR supports multiple periodicities (in number of TTIs) for adaptation of a TTI type.  

Proposal 2: The adaptation of a TTI type is indicated by a SIB or by a DCI format.
Proposal 3: If DL transmissions and UL transmissions use the same waveform and same numerology, DL DMRS and UL DMRS multiplexing is orthogonal.

Proposal 4: To facilitate UL-to-DL interference cancellation, a signal to be detected and reported by the victim UE can be transmitted by the aggressor UE.
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