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1 Introduction

In RAN1#86, the following agreement on dynamic TDD for new ratio (NR) was made [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, particularly the second sub-bullet

· Note that some design targets may or may not be transparent to UE
In LTE, eIMTA was employed to support a UL-DL configuration change according to UL/DL traffic situations in a cell to improve the user average packet throughput. On the other hand, in NR, dynamic TDD can be used to improve the user average packet throughput and to achieve low latency requirement by reducing the frame alignment time. In the dynamic TDD, the transmission direction of time resources can be semi-statically or dynamically changed. This contribution considers the aspects of cross-link interference management for multiplexing eMBB and URLLC services in this dynamic TDD operation. 
2 Cross-link interference management for multiplexing eMBB and URLLC  
In order to support low latency services, we should consider more enhanced/fast interference management techniques than the method discussed in eIMTA. That is, we need to study how to proactively control TRP-to-TRP and UE-to-UE interference caused by the dynamic adaptation of transmission direction in each gNB independently for supporting the low latency services. Four candidate methods can be considered as follows:
· Alt. 1: Orthogonal time/frequency resource assignment for each cell

· Alt. 2: Aligned time/frequency resources allocation across cells
· Alt. 3: Orthogonal time/frequency resources assignment based on Tx/Rx beam information.
· Alt. 4: Interference cancellation
 For Alt. 1, orthogonal time/frequency resource can be assigned for each gNB, and each gNB can assign the orthogonal resource to URLLC UE. In this case, we cannot avoid the decreased spectral efficiency due to a high frequency reuse factor. The high frequency reuse factor means a low data transmission capacity of the wireless communication system. With a proper design of subframe/slot type, it is possible to avoid cross-link interference on URLLC packets while maintaining the frequency reuse factor 1 (Alt. 2). For example, mixed DL/UL subframe/slot can provide the possibility to enable the alignment of the resources for URLLC packets across cell as shown in Figure 1.  Center region in the subframe/slot can be dynamically used for DL/UL eMBB services through coordination among gNBs. 
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                Figure 1. Aligned time resource allocation across cells.
In NR, gNB can determine which beam index will be used for a UE based on previous experiences. For example, we can consider to make tables for TRP-to-TRP and/or UE-to-UE interferences of Tx-Rx beam pairs and to use those for the decision. In this case, it is not always possible to find the proper beam index for all UE in time, and the low latency service can be restricted according to the position of UE. To deal with this problem, we can take into account orthogonal time/frequency resource assignment based on the Tx/Rx beam information (Alt. 3). For Alt. 3, orthogonal frequency resource can be assigned for each gNB, and the orthogonal resource can be used for the UE or gNB, which is a possible interferer for the gNB or UE of the neighbouring cell, transmitting the URLLC packet as shown in Figure 2 (b). For Alt. 3, unlike for Alt. 1, non-orthogonal time/frequency resource can be used for URLLC UEs. For example, sub-band 2 and 3 of cell 1 can be assigned to the URLLC UEs using Tx/Rx beam that are not interfering with neighbour gNB or UE in neighbouring cell. For Alt. 1 and Alt.3, it is required to share the transmission direction information among cells in advance. The interference table related to Tx-Rx beam pairs also should be shared for Alt. 3. 
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Figure 2. (a) Orthogonal resource assignment for each cell,  (b) Orthogonal frequency resources assignment based 
on Tx/Rx beam information.
Interference cancellation schemes (Alt. 4) are not easy to guarantee the performance of URLLC because of the possible residual interference. Actually, it may be not proper to apply in dynamic TDD system supporting URLLC services. It is because in order to cancel the interference, we should know the transmitter parameters such as MCS level, C-RNTI and so on which require some latency to be shared.

Proposal 1: Further study how to handle the cross-link interference caused by dynamic adaptation of transmission direction considering URLLC services.
The typical average delay required for sharing the transmitter parameters is 10 ms [2].  The maximum latency of X2-based backhaul is on the order 20ms except some rare scenarios. When subframe/slot duration (dynamic change unit of transmission direction) is less than 1ms, the transmission direction can be changed every several ms or several hundred us. This implies that X2-based backhaul is not appropriate to exchange the transmission direction information among cells. We should consider introducing new air-interface to efficiently support low latency service using dynamic TDD by solving the interference management. There could be following options for fast exchange of transmission direction through over-the-air (OTA):  

· Alt. 1: Overhearing the control signal transmitted to UEs in the neighboring cells 

· Alt. 2: Orthogonal resource assignment for sharing of UL/DL transmission direction information among gNBs
 For Alt. 1, the control signal including the transmission direction of subframe/slot can be contaminated by the desired UL signal or the signal transmitted from neighbor gNBs. For Alt. 2, it may be considered to design a new channel for sharing transmission direction information.
Proposal 2: Further study how to exchange the transmission direction information in time among gNBs for URLLC services.
3 Conclusions

In this contribution, we discuss some aspects of cross-link interference for multiplexing eMBB and URLLC services. Based on the analysis, following proposals are made:
Proposal 1: Further study how to handle the cross-link interference caused by dynamic adaptation of transmission direction considering URLLC services.
Proposal 2: Further study how to exchange the transmission direction information in time among gNBs for URLLC services.
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