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1 Introduction
In 3GPP RAN1#86 and RAN#73 meeting, some issues of duplex were discussed and concluded. Relevant information is as follows.
RAN1 #86 Agreements:[1]
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
RAN#73 Agreements: [2]
· The following items are put on hold until March 2017 (except for forward compatibility considerations):

· Waveforms above  40GHz

· mMTC 

· [Flexible duplex of paired spectrum]

· Interworking with non-3GPP systems

· Wireless relay 

· Satellite communication

· Air-to-ground and light air craft  communications

· Extreme long distance coverage

· Sidelink 

· V2V and V2X

· Multimedia Broadcast/Multicast Service

· Shared spectrum and unlicensed spectrum

· [Location/positioning functionality]

· Public warning/emergency alert 

· New SON functionality
In this contribution, we will discuss several aspects related to flexible TDD in unpaired spectrum, including dynamically DL-UL changing and semi-dynamically DL-UL changing.
2 Interference analysis
The concepts of flexible TDD have been extensively discussed in the past. At present, this issue has become a hot topic again in NR. There is a consensus that the NR design does not have the backward compatibility constraint and therefore has the potential to full exploitation of the flexible TDD capability. Flexible TDD is applicable to an unpaired spectrum where most of the time-frequency resources can be dynamically or semi-dynamically allocated for DL or UL, depending on the traffic need. It can be expected that the flexible TDD has the ability to provide the most efficient usage of spectrum resource.
However, the flexible TDD will also create severe co-existence issues between nodes of intra-operator and/or inter-operator due to strong DL-UL interference.
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Figure 1. DL-UL interference of the flexible TDD
From the perspective of co-channel or in-band, the interference can be classified as the following two kinds. 
(a) Intra-band interference: i.e. adjacent channel leakage interference 
The issues of the intra-band interference of inter-operator scenarios have been deeply discussed in the TDD-SDL topic in Rel-12. Because it is not easy to coordinate between operators, these mechanisms that do not require coordination or only require a little coordination need to be considered.
For the intra-operator scenario, the close coordination and rapid information exchange can be assumed. So, some more flexible coordination mechanisms can be designed to support to exploit the capability of the flexible TDD.
(b) Co-channel interference
For licensed spectrum, the co-channel interference only appears in the intra-operator scenarios. Meanwhile, the co-channel interference will appear both in intra-operator and inter-operator scenarios for unlicensed carrier and shared spectrum. The co-channel interference is a major problem to use the flexible TDD.
From the perspective of the frequency of the DL-UL interference fluctuations, the interference can be classified as the following two kinds.
(a) Dynamic fluctuation interference
The dynamic fluctuation interference is led by dynamically DL-UL changing. So the method of dynamically DL-UL changing can only be used in intra-operator scenarios with the UL/DL traffic changing dynamically, such as hotspot. In intra-operator scenarios, the dynamic fluctuation interference can be reduced or avoided by the close coordination and/or rapid information exchange.
(b) Semi-dynamic fluctuation interference
The semi-dynamical TDD leads Semi-dynamic fluctuation interference.  The semi-dynamical TDD operation with slow wave interference does not need fast processing. So this method is more suitable for the scenario of the UL/DL traffic changing semi-dynamically or the scenario that can't be quickly coordinated, such as macro-cell with large coverage, inter-operator. 
In addition, different types of traffic transmitting in a same carrier will also bring additional requirements of UL-DL changing and which leads to the corresponding DL-UL interference problem, especially URLLC multiplexing with other traffics. For the case of resource sharing between URLLC and eMBB, if one UE send URLLC data in some MA resource, and other UE also transmit eMBB data at the same resource, then the reliability of URLLC will be affected. Since URLLC has the highest priority, once there is a URLLC packet arrived, it should be scheduled and sent immediately. Assuming a downlink eMBB is being transmitted, there is an uplink URLLC packets arrive. The serving cell has to change DL to UL for transmitting the UL URLLC packet immediately. Meanwhile, if there is an eMBB transmission in the downlink of the neighbour cell and it has a strong interference to the target cell, the eMBB transmission also needs to be adjusted to ensure the reliable transmission of the URLLC traffic. Therefore, the DL/UL changing may impact both the service cell and the neighbour cell at the same time and the impaction needs to be studied carefully.
Observation 1: Flexible TDD can lead to severe DL-UL interference, which needs to be studied carefully.
3 Resource Assignment
In this section, we will discuss some aspects of resource assignment for flexible TDD.
Opportunistic Resource Assignment
As mentioned above, the flexible TDD will create severe co-existence issues due to strong DL-UL interference. In order to effectively solve the interference problem, an opportunistic resource assignment mechanism can be considered. The opportunistic resource assignment mechanism includes two steps: 

Step 1: DL-UL interference sensing
In the proposed DL-UL interference sensing mechanism, either the eNB or UE is required to sense on the co-channel and/or adjacent channel to see if there is any DL-UL interference, by energy detection and/or signal detection. If strong DL-UL interference on the co-channel or adjacent channel is detected, the Step2 will be performed. 
Setp2: Opportunistic resource assignment based on the results of sensing. Two candidate methods can be considered as following.
· Method 1: If strong DL- UL interference is detected, the data will not be transmitted on the scheduled TTI/subframe. Two options can be selected as following and the choice can further be indicated explicitly or implicitly.
· Alt 1: The grant of the data will be given up.
· Alt 2: or, the data can be transmitted on the subsequent TTI/subframe.
· Method 2: If strong DL- UL interference is detected, the scheduling of the data will be adjusted, such as reducing power, adjusting MCS, changing carrier, and so on. The ways to adjust the schedule can be used as following.
· Alt 1: To prepare multiple grants. One is a primary grant and the other is a secondary grant. If strong DL-to-UL interference is detected, the primary grant will be given up and the secondary grant will come into effect.
· Alt 2: To prepare only one grant. If strong DL- UL interference is detected, most of the scheduling information is preserved and only partial information mentioned above will be updated by 2-step scheduling.
From the above discussion, we can see that the resource assignment of the flexible TDD is natural to have the opportunity characteristics. The opportunistic resource assignment mechanism can provides an efficient way to use resources through flexible and opportunity behaviors, by reducing or avoiding DL-UL interference based on DL-UL interference sensing.
To sense the DL-UL interference well, a time slot for sensing should be introduced in the new subframe for NR. UE/NB can perform the DL-UL interference sensing in the time slot dynamically. The sensing procedure includes detection energy and/or signal detection, which is the similar as LAA-LBT. The time slot length can be related to the QoS or priority of the traffic. The higher-priority traffic is with the shorter time slot compared with low-priority traffic.
Furthermore, the opportunistic resource assignment mechanism may lead to a decline in the performance, such as delay, throughput. In order to make full use of every opportunity to transmit and improve the performance, multiple TTIs/subframes scheduling and HARQ-ACK feedback should be supported. The opportunistic resource assignment mechanism and multiple TTIs/subframes scheduling and HARQ-ACK feedback have been have been studied and discussed deeply in LTE-LAA. The relevant consensus can be as a starting point for the resource assignment of the flexible TDD in NR.
Resource reservation for some special signals transmission
Although most of the resources can be flexibly configured as DL or UL, it is still necessary to set aside some resources for the transmission of special signals/channels. In general, the transmission direction of reserved time resources should not be changed expect for being reconfigured or other specifically requirements.At least the following signals/channels needs to be considered. 
(1) Downlink signals/channels: eDRS, ePBCH for MIB transmission, etc.

(2) Uplink signals/channels: SRS, PRACH, etc.
Normal DRS, long period, e.g. MIB transmission, synchronization signal and/or reference signals
Most of the above signals have the characteristics of periodicity, such as eDRS, ePBCH. Although other signals are not periodic, they can also be configured to transmit on periodic resources, such as PRACH. Therefore, a preferred way is that the resources can be reserved in a periodic manner.
Different traffics multiplexing

As mentioned above, different types of traffic transmitting in a same carrier will also bring additional changing DL-UL requirements and the corresponding DL-UL interference problem, especially URLLC multiplexing with other traffics. For the multiplexing of URLLC and eMBB, as discussed above, the DL/UL changing may impact both the service cell and the neighbour cell(s) at the same time. 

For the case of resource sharing between URLLC and eMBB, if the eMBB UE do sensing before send data, then the interference to other URLLC UE transmission of the same time and frequency resource is avoided [3].
Since URLLC has the highest priority, once there is a URLLC packet arrived, you need to schedule and send it immediately. While, the TB size of eMBB is larger and more T/F resource need to be scheduled for it in single time. Assuming a downlink eMBB data is being transmitted, there is an uplink URLLC packets arrive. 
· For the serving cell
The serving cell has to stop its DL eMBB transmission and change DL to UL for transmitting the UL URLLC packet immediately. 
· For the neighbour cell
If there is an eMBB transmission in the downlink of the neighbour cell and it has a strong interference to the target cell, the eMBB transmission also needs to be adjusted to ensure the reliable transmission of the uRLLC traffic, e.g. stopping the eMBB transmission.
The above method can well ensure the performance of URLLC. But the way to reduce the impact on the performance of the eMBB also needs to be considered. A simple way is that
· the URLLC data can be transmitted immediately on the scheduled T/F resource without considering eMBB, and
· the eMBB NB/UE should do sensing before send data to detect whether URLLC appears by the granularity of the URLLC resource, and then decides whether or how to adjust the transmission of eMBB.
Resource Assignment for Semi-dynamically TDD
The semi-dynamical TDD operation with slow wave interference does not need fast processing. So this method is more suitable for the scenario of the UL/DL traffic changing semi-dynamically or the scenario that can't be quickly coordinated, such as macro-cell with large coverage, inter-operator. 
Case 1: Macro-cell with large coverage
There are a large number of UE under a macro-cell, and so the fluctuation of the cell specific DL/UL traffic is slow. Traditional TDD network deployment is a static TDD model, which cannot meet the requirements of the slow fluctuant DL/UL traffic. Obviously, the semi-dynamically TDD with semi-dynamic fluctuation of DL-UL interference is suitable for this. To perform the semi-dynamical TDD more effectively, the key point is to accurately sense the DL-UL interference and adjust the DL/UL adaptively. Taking into account the tradeoff between overhead and measurement accuracy, it is sufficient to meet the demand based on RRM (/large scale) measurement because the fluctuation of DL-UL interference created by the semi-dynamically TDD is slow. A simple way is that
· UE can be configured to perform RSSI measurement in UL subframe/slot and report the RSSI to NB (RSSI-UL);
· if the RSSI-UL exceeds a predefined threshold which means the , it can get the decision that the subframe/slot using as DL by neighbour cell;
· Then, the serving cell can adjust the scheduling on this sub frame or change UL to DL.
Further, some semi-dynamic coordinating mechanisms can be used between cells.

Case 2: Inter-operator coexistence
The issue of inter-operator coexistence is similar to the macro-cell scenario. The method of RSSI measurement mentioned above can also be used for inter-operator coexistence. The only difference is that the related coordination mechanism cannot be used.
Proposal 1: a sensing scheme can be considered to reduce or avoid the DL-UL interference of the flexible TDD.
Proposal 2: Several resource assignment schemes should be studied.
·  Opportunistic Resource Assignment
· Resource reservation for some special signals transmission
· Resource Assignment for Different traffics multiplexing
· Resource Assignment for Semi-dynamically TDD
4 Interference measurement
In order to better support the Flexible TDD, at least two types of interference measurement need to be considered:
· Statistical measurement for adaptive DL-UL configuration semi-dynamically, e.g. new RSSI-UL, busy rate of sensing.
· Instant measurement for perform DL-UL changing dynamically, e.g. CSI/CQI, CCA/detection.
Statistical Measurement for adaptive DU-UL configuration
Traditional RSSI measurement can only be performed on the DL subframe /slot and cannot measure the interference of its UL subframe /slot. To measure the measure the interference of its UL subframe /slot, the new RSSI-UL is that UE can be configured to perform RSSI measurement in UL subframe/slot and report the RSSI to NB. NB can use the RSSI-UL to get the decision that whether the subframe/slot using as DL by neighbour cell. A corresponding RSSI-UL threshold also needs to be introduced.
Another way is that a new measurement value of the busy rate of channel sensing (/CCA) can be introduced. If successive CCA result is the busy channel, we know that the channel is facing serious interference. A choice is to take DL-UL changing or to adjust the scheduling. The measurement of busy rate can be defined as the rate of CCA busy during the predefined time.
CCA/detection
CCA/detection is mainly used for dynamic TDD. Two types of measurement can be considered as following.
(1) Energy detection (ED): it is similar to LAA LBT. For high frequency, some new CCA schemes/rules need to be carefully studied. More details on it can be found in our contribution [4].
(2) Signal detection: it can detect the channel or signal of other nodes. Compared with the energy detection, the signal detection can obtain more information, which can be used to perform TDD operation more flexible.
Further, the energy sensing and signal detection can be used in combination. For example, if NB/UE sense the channel busy using the method of the energy detection, then it can detect the channel or signal of other nodes using the method of the signal detection. If the signal can be superimposed to send with the signal of the target NB/UE, the target NB/UE does not need to adjust the scheduling and the corresponding receiver can use the SIC-like mechanism to reduce the DL-UL interference. Otherwise, it is required to use the resource adjustment mechanism mentioned in section 3 to reduce or avoid the DL-UL interference.
Interference measurement for CSI reporting
In legacy LTE systems, interference measurement is performed by configuring periodic IMR with ZP CSI-RS pattern for interference measurement resources.  Two subframe sets is supported considering different interference conditions under eIMTA.  Considering dynamic TDD in NR, it is expected interference is likely more fluctuating and unpredictable.  Together with multi-beam operation, the interference can be coming from different beams in different duplex direction.  Therefore, more dynamic interference measurement should be considered to cope with such dynamic interference situation.  Aperiodic IMR should be considered to allow dynamic trigger of interference measurement. 

Moreover, soft HARQ with CQI adjustment can be considered for self-contained CSI reporting [6] so that the network knows in the interference situation experienced in current data transmission.  
Proposal 3: Some enhanced statistical measurement(s) and instant measurement(s) can be considered for supporting flexible TDD.
· Statistical measurement for adaptive DL-UL configuration semi-dynamically, e.g. new RSSI-UL, busy rate of sensing
· Instant measurement for perform DL-UL changing dynamically, e.g. CSI/CQI, CCA/detection.
5 Frame structure design for flexible TDD
Based on the above analysis, we can know that it is necessary to dynamically sense the resource usage of adjacent nodes for better supporting the flexible TDD. A sensing time slot can be introduced into the new subframe/time-interval for DL-UL interference sensing. The time slot length can be related to the QoS or priority of the traffic. For example, the higher-priority traffic is with the shorter time slot compared with low-priority traffic. Besides, the sensing time slot can be configured for licensed, unlicensed and shared spectrum scenarios. Therefore, common design for licensed, shared and unlicensed spectrum can be reached. More details on our company's proposal [5]. 
The frame structure type 3 for LAA can support the dynamic and flexible DL-UL adjustment, which can be as the starting point of the frame design for flexible TDD.
Proposal 4: A sensing time slot can be introduced in NR subframe structure for flexible TDD in licensed, unlicensed and shared spectrum scenarios.

6 Conclusion 
In this contribution, we discuss the aspects of interference, resource assignment and frame structure design for flexible TDD.  With the analysis, we have the following observations and proposals:
Observation 1: Flexible TDD can lead to severe DL-UL interference, which needs to be studied carefully.
Proposal 1: a sensing scheme can be considered to reduce or avoid the DL-UL interference of the flexible TDD.
Proposal 2: Several resource assignment schemes should be studied.

·  Opportunistic Resource Assignment
· Resource reservation for some special signals transmission
· Resource Assignment for Different traffics multiplexing
· Resource Assignment for Semi-dynamically TDD
Proposal 3: Some enhanced statistical measurement(s) and instant measurement(s) can be considered for supporting flexible TDD.

· Statistical measurement for adaptive DL-UL configuration semi-dynamically, e.g. new RSSI-UL, busy rate of sensing

· Instant measurement for perform DL-UL changing dynamically, e.g. CSI/CQI, CCA/detection.

Proposal 4: A sensing time slot can be introduced in NR subframe structure for flexible TDD in licensed, unlicensed and shared spectrum scenarios.
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