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Introduction
[bookmark: _GoBack]The study item on NR [1] aims to identify and evaluate technical solutions for next generation wireless systems operating on a wide range of bands at least up to 100 GHz. The following agreement was achieved in RAN1 #86 [2]:
	Agreements:
· Study to support various interference management schemes:
· Interference management over different time scales:
· Semi-static/preconfigured interference management
· Dynamic interference management
· Interference management where signals/channels from/to UE(s) is
· Transmitted from/to multiple TRPs
· Transmitted from/to single TRP
· The above study should consider:
· Forward compatibility, e.g., for future introduction of additional interference management schemes (if any)
· Low and high NR frequencies
· Take into account backhaul/fronthaul latency constraints
· Both TDD and FDD
· Both data and control channels
· Interference measurement/reporting
· Taking into account interference management for advanced receivers
· Taking into account various scenarios
· Taking into account beam management, different antenna structures, etc.



In this contribution, we present our views regarding uncoordinated TDD for NR.
Uncoordinated TDD
In synchronized TDD, all the neighbour BSs are aligned in the TDD transmission direction. The BSs are coordinated on the DL and UL transmission through backhaul link. One option is to send semi-static DL/UL partition to the BSs. For example, in LTE, seven different TDD DL/UL configurations are defined with different downlink, uplink and special subframe configuration. One of these TDD configuration is chosen and sent to the BSs through backhaul link. The TDD configuration could be dynamically changed over time based on the traffic requirement. Such coordinated TDD configuration is more suitable for the deployment scenarios where the number of UEs is large and all the cells have similar DL and UL traffic requirement. 
However, in some deployment scenarios, significant variations in traffic load are expected between different cells and at different time, for example, in small cell with small number of UEs per cell. Asymmetric and dynamically changing DL and UL traffic is expected. In such deployment scenarios, synchronized TDD configuration among different BS might not be the best solution and could impair the network throughput. Uncoordinated TDD configuration would be promising solution for such scenarios. Each BS is allowed to choose cell-specific TDD configuration based on the DL and UL traffic load within one cell. Each BS could change the DL and UL partition dynamically according to e.g., its traffic demanding and DL/UL buffer status. It is expected that uncoordinated dynamic TDD could be useful and beneficial to the spectrum efficiency in the deployment scenarios, for example small cell, indoor, and hotspot.
Observation 1: significant traffic variation between different cell and different time is expected in some deployment scenarios of NR

Proposal 1: Consider the uncoordinated TDD as one option for TDD operation in NR


Uncoordinated TDD operation introduces new challenge to the NR system design. In synchronized TDD, all the cells transmit signal in the same direction at the same time. So there is only interference between downlink transmission and interference between uplink transmissions. However, in uncoordinated TDD, different cell could transmit on different direction at the same time. The cells can suffer from a new type of interference the neighbour BSs transmitting in the opposite direction. This new type of interference is called cross-link interference. There are two types of cross-link interference due to uncoordinated TDD, UL-to-DL interference and DL-to-UL interference. An example is shown in Figure 1. BS 1 is transmitting to UE A in downlink direction and BS 2 is receiving signal from UE B in uplink direction. The transmission from BS 1 would cause DL-to-UL interference to BS2. The transmission from UE B would cause UL-to-DL interference to UE A. 
[image: ]
Figure 1
The cross-link interference could be much more severe than DL-to-DL interference and UL-to-UL interference in synchronized TDD operation. The UE is generally associated with the BS with strongest signal strength. So the signal strength of DL interference from another BS is generally less than that of the DL signal from the serving BS, and similar case is true for uplink. In cross-link interference, the interference signal strength could be higher than the signal strength. In the example of Figure 1, the transmit power of BS could be much higher than that of the UE. The path between BS1 and BS 2 could have higher Los probability than that of the link between UE B and BS 2. So the strength of interference from BS1 to BS2 could be much higher than the signal strength from UE B. Regarding the UL-to-DL interference, when the UE A is very close to UE B, the strength of interference from UE B could be higher than that of the DL signal from BS 1 due to smaller path loss between UE A and UE B. 
Observation 2: Cross-link interference could be severe issue in uncoordinated TDD operation.

Proposal 2: Study the cross-interference issue in uncoordinated TDD operation.

To deal with the cross-link interference, one possible solution is interference suppression. One part of this solution is to let the transmitter to suppress the interference to the opposite transmission in other cell(s). For the DL-to-UL interference, the BS can use some transmit beamforming or precoding to suppress the interference to some neighbour BS(s) from its downlink transmission. For the UL-to-DL interference, the UE can use some transmit beamforming or precoding to suppress the interference to some UE(s) in neighbour cell(s). Another part of this solution is the receiver suppress the interference. The BS suppress the interference from some neighbour BS(s) and the UE could suppress the interference from the UE(s) in neighbour cell(s). Generally, suppressing UL-to-DL interference is more challenge than DL-to-UL due the dynamic location and mobility of UEs.
Another possible solution is to detect the potential severe cross-link interference and then adjust the DL/UL partition and allocation accordingly. The UE could measure the interference from the UL transmission of inter-cell UEs. If strong interference is detected, the BS could schedule that UE to the DL subframe/time interval where no strong UL-to-DL interference to this UE.  To facilitate the cross-link interference probe, we need some special mechanism and/or reference signal design.
Proposal 3: Study the mechanism to resolve the cross-link interference issue. The possible solutions could be interference suppression and mechanism to facilitate cross-link interference probe.


Conclusions
This contribution considered aspects of uncoordinated TDD operations. In particular, the following are proposed. 
Observation 1: significant traffic variation between different cell and different time is expected in some deployment scenarios of NR

Proposal 1: Consider the uncoordinated TDD as one option for TDD operation in NR

Observation 2: Cross-link interference could be severe issue in uncoordinated TDD operation.

Proposal 2: Study the cross-interference issue in uncoordinated TDD operation.

Proposal 3: Study the mechanism to resolve the cross-link interference issue. The possible solutions could be interference suppression and mechanism to facilitate cross-link interference probe.
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