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1 Introduction
At the RAN1 #84b meeting, it was agreed that NR shall [1]
· Study frame structure(s) supporting at least 

· FDD duplex arrangement

· TDD duplex arrangement

· Downlink transmission

· Uplink transmission

· Sidelink transmission

· Access link

· Backhaul/relay link

· Stand alone operation in licensed band

· Non stand alone operation in licensed band

· Licensed-assisted operation in unlicensed band

· Study flexible/dynamic TDD, including both downlink and uplink transmissions in the same subframe interval
At the RAN1 #86 meeting, the following agreements were made regarding NR time domain frame structure [2]:

· A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}

· FFS regarding the number of switching points, multiplexing of different use cases (e.g., multiplexing eMBB and URLLC use cases) and/or numerologies in the time domain.

In addition, the following agreements were made with respect to the NR frame structure [2]: 

· Followings are considered as starting points of NR frame structure at least within the CP overhead
· Subframe
· Already agreed upon

· Assume x=14 in the reference numerology for subframe definition (for normal CP)

· FFS: y=x and/or y=x/2 and/or y is signalled
· Slot

· Slot of duration y OFDM symbols in the numerology used for transmission

· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)

· The structure allows for ctrl at the beginning only

· The structure allows for ctrl at the end only

· The structure allows for ctrl at the end and at the beginning

· Other structure is not precluded

· One possible scheduling unit
· Mini-slot

· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission

· May contain ctrl at the beginning and/or ctrl at the end

· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)
· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS

· FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged
The interference environment of TDD system in NR can be more dynamic than LTE considering frequency reuse among cells of flexible/dynamic TDD duplex and the dynamic multiplexing of subframes/slots/mini-slots of various numerologies. This imposes new requirements and challenges on resource assignment and interference handling in TDD operation in NR. In this contribution, we discuss the interference environment in TDD NR RAN, goals of resource assignment and interference handling, and potential resource assignment and interference handling options. 
2 Discussion
2.1 Interference environment in TDD NR RAN 
In a TDD system in NR, the interference environment can be very dynamic due to

1) Frequency reuse among radio access links, such as those in macro cells, small cells, and sidelinks

2) Flexible and dynamic TDD DL and UL configurations 

3) Dynamics in numerology and slot/mini-slot multiplexing 
4) Special slot structure with DL and UL parts within a same slot

Considering the different combinations on TDD DL/UL configurations and the numerology/slot/mini-slot multiplexing, the following scenarios may occur in TDD NR RAN:
a) Static/semi-static TDD DL and UL configurations with same numerology multiplexing across cells
b) Static/semi-static TDD DL and UL configurations with different numerology multiplexing across cells 

c) Dynamic TDD DL and UL configurations with aligned numerology multiplexing across cells
d) Dynamic TDD DL and UL configurations with different numerology multiplexing across cells
Figure 1 illustrates the above listed TDD duplex and numerology/slot multiplexing scenarios. For simplicity, only a few slots are plotted for each cell. Note that TDD sidelink could likely fit into scenarios of c) and/or d).
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Figure 1 Illustration on TDD duplex and numerology/slot multiplexing scenarios 
The deployment scenarios as mentioned above envision diverse interference environment in TDD system in NR. For neighboring cells operating in the same carrier, there could be interference among DL links across cells and among UL links across cells and interference due to DL and UL misalignment among cells (i.e., as a result of dynamic TDD and multiplexing of diverse numerologies and slot/mini-slot types). Moreover, having slots that contain both DL and UL parts would further increase the interference due to DL and UL misalignment as illustrated in Figure 2. 
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Figure 2 Illustration on DL/UL misalignment between cells due to different slot configurations and having DL and UL parts in each slot 
Observation 1: As compared to TDD LTE, TDD NR presents new interference scenarios and more dynamic interference environment.  
2.2 Goals of resource assignment and interference handling in TDD NR
Resource assignment schemes allocate radio resource to the UEs with the aim of achieving a desirable interference footprint for the network and the UEs. Based on the allocated resource, interference presented in each radio link can be handled by interference handling schemes. Note that resource assignment can be designed in conjunction with interference handling: In particular, resource assignment can control the network interference footprint so that together with interference handling, a desirable performance goal for the radio access network and the devices can be achieved. An example on the joint resource assignment and interference handling design concept is NOMA. 

The dynamic interference environment in TDD NR imposes new requirements and challenges on resource assignment and interference handling. As compared to TDD LTE, the following new challenges need to be addressed
1) Interference due to dynamic DL and UL transmission among cells of same slots/mini-slots multiplexing configurations

2) Interference due to dynamic DL and UL transmission among cells of different slots/mini-slots multiplexing configurations

3) Interference due to having DL and UL parts in slots/mini-slots among cells 
4) Interference due to flexible frequency reuse among radio links and cells

Proper resource assignment and interference handling schemes are needed to optimize network spectrum efficiency, radio link spectrum efficiency, cell coverage and cell-edge UE performance. 

Observation 2: Resource assignment and interference handling jointly manage interference and optimize spectrum usage efficiency and system performance, where
1) Resource assignment proactively controls interference and
2) Interference handling reacts to interference given its presence
Observation 3: Resource assignment and interference handling schemes in TDD NR need to address the new challenges due to dynamic DL and UL transmissions among co-channel cells/links of same/different slots/mini-slots multiplexing configurations and with DL and UL parts in a slot/mini-slot.
2.3 Resource assignment options
Effective resource assignment schemes are needed to proactively control interference and maximize frequency reuse. 
Static or semi-static radio resource assignment is a generally applicable radio resource assignment approach where the radio resources are assigned to various cells/links in static or semi-dynamic manner. Moreover, for radio access with stringent QoS requirement, such as URLLC, static or semi-static radio resource assignment can be applied as discussed in [3]. 

For deployment scenarios with timely inter-cell coordination, dynamic cooperative resource assignment and scheduling can be applied. The requirements can be timely measurement, timely exchange of the measured network interference footprint among cells and timely coordination of the DL and UL transmission and resource assignment. For dynamic TDD, the timing requirement on information exchange and coordination can be in the scale of a slot or mini-slot duration. 

For deployment scenarios where a given radio resource is scheduled with a primary radio access link, opportunistic access can be applied which allows other radio links to opportunistically access to the resource. Examples are eMBB radio links opportunistically access to resources assigned for URLLC services as discussed in [3] and sidelinks opportunistically access to resources assigned for cellular links. Techniques such as listen-before-talk can be applied to enable opportunistic access. When the primary radio link provides common reference signal for measurement, more accurate measurement and efficient opportunistic access can be achieved. Opportunistic access are more suitable for best-effort services.     
For deployment scenarios where multiple radio links have equal rights to use a given radio resource, contention-based resource access can be applied. As compared to cooperative resource assignment, contention-based resource assignment can be more scalable and more feasible for deployment scenarios without good cell planning and inter-cell coordination. The performance of contention-based access can be improved if some coordination can be achieved among the links, indicating a hybrid scheduled and contention-based resource assignment approach. 

Opportunistic resource assignment and contention-based resource assignment can be jointly applied for autonomous resource assignment: 
1) By opportunistic resource access, links opportunistically access a resource that is primary assigned for other radio links. 

2) By contention-based resource access, links acquire radio resource in which multiple links have equal rights to use. 
An example to further illustrate is: multiple small cells opportunistically access to a resource that is primarily assigned for macro cell. The small cells then contend among themselves to use the opportunistically obtained resource.
Considering a slot in TDD NR could contain DL and UL parts, resource assignment for each slot of a link need to consider interference condition at both DL and UL directions.    
Proposal 1: NR shall study the following resource assignment options

1) Static and semi-static resource assignment

2) Dynamic cooperative resource assignment

3) Opportunistic resource access
4) Contention-based resource acquisition

5) A hybrid of the above-mentioned resource assignment options 
Proposal 2: Resource assignment for each slot of a link shall consider interference condition 

1) In the DL, or
2) In the UL, or 

3) In both DL and UL 

2.4 Interference handling options
Proper resource assignment prevents strong interference. The remaining interference shall be managed by proper interference handling schemes. 
At the transmitter side, when interference condition can be obtained based on instantaneous measurement or can be derived based on previously measurement, proper rate adaption and power control can be applied to proactively avoid link failure due to excessive interference. 

At the receiver side, advanced interference cancellation schemes can be applied to minimize the effect of interference. When good cooperation can be achieved among receivers, coordinated interference cancellation and joint receiver processing can be applied. 

Proposal 3: NR shall study the following interference handling options 
1) Proactive rate adaption and power control at transmitter
2) Advanced interference cancellation schemes at receiver
3 Conclusion 

In this contribution, we presented our views on resource assignment and interference handling in TDD NR RAN. Based on the discussion we draw the following observations and proposals:
Observation 1: As compared to TDD LTE, TDD NR RAN presents new interference scenarios and more dynamic interference environment. 

Observation 2: Resource assignment and interference handling jointly manage interference and optimize spectrum usage efficiency and system performance with
1) Resource assignment proactively controls interference

2) Interference handling reacts to interference given its presence
Observation 3: Resource assignment and interference handling schemes in TDD NR need to address the new challenges due to dynamic DL and UL transmissions among co-channel cells/links of same/different subframe/slots/mini-slots multiplexing configurations and with DL and UL parts in a slot/mini-slot.
Proposal 1: NR shall study the following resource assignment options

1) Static and semi-static resource assignment

2) Dynamic cooperative resource assignment

3) Opportunistic resource assignment 

4) Contention-based resource acquisition

5) A hybrid of the above-mentioned resource assignment options 

Proposal 2: Resource assignment for each slot of a NR link need to consider interference condition 

1) In the DL, or
2) In the UL, or 

3) In both DL and UL 
Proposal 3: NR shall study the following interference handling options
1) Proactive rate adaption and power control at transmitter

2) Advanced interference cancellation schemes at receiver
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