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1   Introduction

Concurrent support of different types of services (e.g. URLLC, eMBB) is visualized as an essential feature of 5G. RAN1 is designing mechanism to multiplex URLLC and eMBB data in the same numerology.  Specifically, RAN1 has agreed to a mechanism where URLLC data transmission can take place within the resources reserved for eMBB data transmission. Some of the agreements which are captured by RAN1 for the same are provided below:
RAN1 Agreements

1: 
Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding. 

2: 
Indication can be dynamically signaled to a UE, whose assigned downlink resources have  partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding  of the TB(s) transmitted within the above mentioned assigned resource. 

3: 
The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB.

4: 
No new physical channel specific for indication of DL resources being preempted by another DL transmission is introduced.


–
FFS whether the indication is based on NR-PDCCH or a group common PDCCH


–
FFS location of the indication


–
FFS timing of the indication

2   Discussion
RAN1 has discussed mechanisms to multiplex eMBB and URLLC by pre-empting an ongoing slot-based transmission of eMBB with URLLC data. The pre-empted resources for URLLC transmission can be used by the same UE or a different UE as compared to the UE performing eMBB data transmission. 
In order to increase the eMBB performance in certain uses cases following mechanisms have been studied by RAN1: 

1.
Code Block Group (CBG) based (re)-transmission

2.
Pre-emption indication

3.
Subsequent re-transmission
These techniques can be applied by the gNB when it has pre-empted an ongoing slot-based transmission. Thus, they are useful to help to an eMBB service in the case when it is already known that certain data is not being received by the UE. The pre-emption indication itself only informs the UE that some expected resources are not going to be received, the presence of a pre-emption indication does not implies or mandates any kind of transmission to repair the damage caused by the pre-emption. Sub-sequent re-transmission is seen as a re-transmission of the pre-empted bits. Since the gNB knows which of the intended bits have been omitted, they can be resent on gNB at a later time. 

The RAN1 agreements and corresponding discussion are mainly focussed towards downlink transmission only. For uplink transmission of URLLC, RAN1 is discussing SPS based transmission procedures, and for dynamic scheduling of uplink URLLC data, it is expected that rate matching can be performed by the UE to reduce impact on eMBB transmission, so that retransmission may not be required.
Observation 1 RAN1 has agreed for pre-emption of eMBB transmission with URLCC data only for downlink. 
One of the methods to reduce the delay observed by the UE for the subsequent eMBB re-transmissions after pre-emption is by autonoumous re-transmission of pre-empted data by the network to UE. Hence, UE can receive subsequent re-transmission in the next slot after initial eMBB data transmission, without the need to transmit HARQ ACK/NACK. This is expected to have some impact on the HARQ procedure where it is assumed that downlink re-transmission is not performed before an HARQ ACK/NACK transmission by the UE.
However, in order to progress the design of HARQ procedure, it is essential that aspects related to subsequent re-transmissions are clearly specified by RAN1. RAN1 is currently discussing the open aspects for pre-emption procedure including but not limited to CBG based re-transmission, identification and notification procedure of pre-empted resources and subsequent re-transmission timeline. The agreements on the discussed aspects (e.g. information provided in DCI for pre-emption) may impact RAN2 procedures and can help to build a suitable framework for HARQ.

Observation 2 RAN1 is currently discussing open aspects related to pre-emption procedure and subsequent re-transmission methodology for URLLC eMBB multiplexing.
Observation 3 Subsequent re-transmission methodology adopted by RAN1 may have impact on RAN2 procedures related to HARQ.

Discussing these aspects in RAN2 before RAN1 makes a conclusion on pre-emption procedure can lead to conflicting agreements which are not favorable to the progress of the work item. Hence, we propose that HARQ discussion related to URLLC and eMBB multiplecing can be stalled until RAN1 concludes the framework for pre-emption and subsequent re-transmission methodology.
Proposal 1: The impacts of URLLC based pre-emption and subsequent re-transmission on RAN2 HARQ procedure can be discussed after conclusion of RAN1 study on pre-emption indication.

3   Conclusion
This paper discusses different aspects to support multiple service verticals operation simultaneously. Following observations and proposals are made in this paper:
Observation 1
RAN1 has agreed for pre-emption of eMBB transmission with URLCC data only for downlink.
Observation 2
RAN1 is currently discussing open aspects related to pre-emption procedure and subsequent re-transmission methodology for URLLC eMBB multiplexing.
Observation 3
Subsequent re-transmission methodology adopted by RAN1 may have impact on RAN2 procedures related to HARQ.
Proposal 1:
The impacts of URLLC based pre-emption and subsequent re-transmission on RAN2 HARQ procedure can be discussed after conclusion of RAN1 study on pre-emption indication.
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