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1 Introduction

In the previous RAN1 WG meetings, the UL URLLC and eMBB resource allocation in NR design were discussed. In this contribution, we discuss URLLC and eMBB multiplexing aspects in dynamic duplexing environment that may have implications on NR physical layer design. In particular, we analyze potential multiplexing issues and solutions based on the agreements made by RAN1 WG at previous meetings.
Agreements:
	RAN1#86bis

· Consider further the tradeoffs for meeting URLLC requirements for the following:

· Semi-static resource allocation for UL data transmission.

· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.

· Normal SR-based transmission

· Other solutions are not precluded
RAN1 NR Ad Hoc#1

· Time interval between SR resources configured for a UE can be smaller than a slot


In this contribution, we mainly discuss UL URLLC and eMBB multiplexing and resource allocation options and consider potential issues and solutions to provide support for URLLC and eMBB services on the same carrier, while our views on other URLLC related aspects are provided in our companion contributions [1]-[5].
2 Consideration on UL URLLC Multiplexing for Dynamic TDD

In case of dynamic TDD for eMBB services, the slot transmission duration may change from DL heavy to UL heavy and vice versa with slot level granularity. This scenario is challenging for URLLC DL and UL due to inter-cell interference, latency bounds and service multiplexing.

2.1 Latency considerations

From latency perspective, the mini-slot level of transmission direction control may be needed to meet latency requirements for URLLC services. Therefore gNB should be able to periodically check whether there is an incoming URLLC traffic in UL and thus the DL to UL switching is needed in case of DL heavy TDD configuration. Therefore gNB should be able to switch transmission direction in DL and listen in UL URLLC announcement intervals. The UL to DL switching in case of UL heavy TDD configuration is in general under gNB control. However, from interference management perspective it may be also useful to switch transmission direction from UL to DL by UEs and gNBs that have ongoing traffic in UL or DL.
2.2 Service multiplexing considerations

In terms of UL eMBB and URLLC service multiplexing challenges, the system should additionally support preemption of DL eMBB by UL URLLC service and properly resolve potential conflicts of DL URLLC and UL URLLC.

For DL eMBB preemption by UL URLLC service, the same principle as used for DL eMBB preemption by DL URLLC service can be used. The gNB can inform eMBB UEs about preemption. The only difference is that gNB cannot provide such indication simultaneously with UL URLLC traffic reception due to half-duplex constraint and therefore such indication should be either done in advance of UL URLLC reception (e.g. during UL URLLC transmission scheduling) or after UL URLLC reception.

The resolution of DL URLLC and UL URLLC service multiplexing/prioritization can be left up to gNB scheduling implementation.

2.3 Inter-cell DL-UL interference considerations

In terms of inter-cell interference issue, the impact of DL-UL inter-cell interference should be considered. Therefore, it can be useful to define UL and DL URLLC announcement intervals. These intervals can be aligned across cells. All nodes (gNBs or UEs) that do not have active URLLC traffic can listen announcements on URLLC announcement intervals (see Figure 1) otherwise utilize those for URLLC announcements.
In UL URLLC announcement interval, UEs having UL URLLC traffic can announce to gNBs their intention to transmit UL URLLC traffic. This announcement can be in the form of SR or other control signaling with low detection complexity and high reliability, so that this signaling can be detected by serving and possibly neighboring gNBs. Once it is detected the cells and UEs are expected to postpone their DL and UL eMBB transmissions respectively until the next URLLC announcement intervals or gNB grants.
In DL URLLC announcement intervals (following UL URLLC announcement interval), gNBs can announce DL URLLC transmission. If DL URLLC announcement signaling is detected by neighbor gNBs having DL eMBB traffic or UEs having UL eMBB traffic, their transmissions can be postponed until the next URLLC announcement interval or gNB grant.
The URLLC announcements signals should be transmitted with higher subcarrier spacing (e.g. 60 kHz) to reduce overhead on TX-RX switching. In addition, the DL and UL mini-slot operation used for URLLC transmission should also utilize higher SCS to meet latency bounds. Figure 1 shows example of URLLC operation in dynamic TDD system with reference numerology of 15 kHz and 60 kHz numerology and mini-slot based transmission for URLLC announcements and UL/DL communication.
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Figure 1: URLLC announcements and communication in dynamic TDD systems.
Observation 1
· DL and UL URLLC announcements can be used to control/preempt DL or UL eMBB transmissions on dynamic TDD systems.
· DL URLLC announcement by gNB(s) can be used to control/preempt DL eMBB transmissions from neighbor gNBs and UL eMBB transmissions from intra/inter-cell UEs, until the next grant or URLLC announcement interval.

· UL URLLC announcement by UE(s) can be used to control/preempt DL eMBB transmissions from neighbor gNBs and UL eMBB transmissions from intra/inter-cell UEs, until the next grant or URLLC announcement interval.
Proposal 1
· Utilize gNB or UE based URLLC announcements to support URLLC operation in networks with dynamic TDD configuration.
· Details of URLLC announcement signaling and physical structure are FFS.
3 Conclusions

In this contribution, we discussed different options for UL URLLC and eMBB multiplexing and implications on physical layer design. We have considered possible mechanism for operation in paired spectrum or in case of unpaired spectrum with dynamic UL-DL reconfiguration. Based on the presented analysis, we have the following list of proposals:
Proposal 1
· Utilize gNB or UE based URLLC announcements to support URLLC operation in networks with dynamic TDD configuration.

· Details of URLLC announcement signaling and physical structure are FFS.
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