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[bookmark: _Ref462817227]Introduction
[bookmark: _Ref178064866]URLLC (Ultra-Reliable Low Latency Communication) is a new data service with extremely strict error and latency requirements as described in [1].
In addition, RAN1 agreed to support puncturing eMBB data to transmit URLLC data in the punctured resources and the agreements are as below:
· Dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic
· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic

The possibilities and impact of URLLC puncturing of eMBB UL data are discussed in [2],[3], and [4]. With UL puncturing, an ongoing (eMBB) transmission of slot length may be interrupted (punctured) by a shorter mini-slot (URLLC) transmission, which then overlaps in time. The punctured and puncturing transmission can be directed to the same or different UEs;
· Intra-UE puncturing: Both the shorter mini-slot and slot level tranmissions are transmitted to the same UE [4].
· Inter-UE puncturing: The data in shorter mini-slot transmission is transmitted to a different UE than the data transmitted in slot length transmission [5].

[bookmark: _Toc478133019][bookmark: _Toc478133020]An ongoing transmission of slot length, e.g. eMBB, may be interrupted (punctured) by a shorter mini-slot transmission, e.g. URLLC.
In this paper we assume the scenario is that an eMBB transmission is punctured by a URLLC transmission, but the solutions apply to any service. The focus of this contribution is to clarify the HARQ procedures for the punctured eMBB data in UL.
Discussion
Intra-UE UL puncturing
Figure 1 depicts the intra-UE puncturing in the uplink, where the slot length data i.e eMBB might be punctured by a short mini-slot i.e. URLLC data. 
The UE can store information about which parts of the eMBB transmission that were punctured. This could for example be a range of bits defined through the first bit and the last bit of the punctured range.
[bookmark: _Toc478133021]The UE can keep the information of punctured bits (part of the packet) of the eMBB transmission that was punctured.
[image: ]
Figure 1: Illustration of intra-UE puncturing i.e. URLLC transmission in punctured eMBB data in uplink
HARQ Considerations for intra-UE UL puncturing
Right after the punctured transmission in the uplink, the UE is able to estimate the probability that the eMBB data cannot be successfully decoded by the gNB, due to the puncturing. If the probability of decoding failure due to puncturing is above a specified threshold, the UE should retransmit the eMBB data or only the corrupted part of the eMBB.
The UE could perform the retransmission of the corrupted punctured part of eMBB data in two different ways: 
1) UE receives a grant with UL resources from gNB (or a NACK ) 
2) UE utilizes configured uplink resources (SPS UL) and retransmits the punctured part.

If there are no configured uplink resources available (alternative 1 above) for the UE, the gNB schedules uplink resources to allow the UE to retransmit the eMBB data (or optionally only the corrupted part of eMBB data), as illustrated in Figure 2.
If there are configured (SPS) uplink resources available for the UE that sent the eMBB and URLLC, the gNB can wait to receive the UE’s retransmission of the eMBB data (or only the corrupted part), instead of sending a NACK and transmitting a scheduling grant for the retransmission. This is shown in Figure 3. Note that at this point, the UE’s ID is known to the gNB and the gNB knows whether there are any configured UL resources available for the UE to perform SPS UL transmissions. 
1. [bookmark: _Toc478108533][bookmark: _Toc478148626]Configuration of SPS resources for immediate HARQ retransmissions in the uplink (e.g. in case of puncturing) is supported without awaiting feedback.
[image: ]
[bookmark: _Ref473645165]Figure 2: UL HARQ retransmission where the gNB schedules UL resources only for retransmission of the corrupted punctured eMBB bits.

[image: ]
[bookmark: _Ref473645550]Figure 3:UL HARQ retransmission where semi-statically scheduled UL resources are utilized to retransmit the punctured eMBB data
[bookmark: _Ref462918989]Compared to LTE, the UL HARQ retransmission without NACK could save significant delay, illustrated with tsaved in Figure 3. Here, SPS UL resources are utilized to retransmit the punctured eMBB data.
Conclusion
In section 2 we made the following observations:
Observation 1	An ongoing transmission of slot length, e.g. eMBB, may be interrupted (punctured) by a shorter mini-slot transmission, e.g. URLLC.
Observation 2	The UE can keep the information of punctured bits (part of the packet) of the eMBB transmission that was punctured.

Based on the discussion above, we propose the following:
Proposal 1	Configuration of SPS resources for immediate HARQ retransmissions in the uplink (e.g. in case of puncturing) is supported without awaiting feedback.
References
[bookmark: _Ref477338889][bookmark: _Ref473636642][bookmark: _Ref461217229][bookmark: _Ref174151459][bookmark: _Ref189809556][bookmark: _Ref469918086]R2-1700393, Overview of URLLC, Ericsson
[bookmark: _Ref477950210]R1-1701870, On eMBB/URLLC multiplexing for uplink, Ericsson
[bookmark: _Ref477950212]R1-1706056, On intra-node puncturing in UL, Ericsson
[bookmark: _Ref477950214]R1-1706057, On inter-node puncturing in UL, Ericsson
	1/4	
image1.png
frequency Punctured eMBB area

e

URLLC PUSCH +UL Control Signals

RLLC UL Control Sgnals




image2.png
ACK for

Next d.

the retransmission

ata transmission

determines that the received data
is punctured,

Schedules UL recourses for the
retransmission of the corrupted
part of the eMBB data

decoding is likely to be completed
successfully





image3.png
determines that the received data
is punctured,

decoding is likely to be completed
successfully

Next datg transmission




