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[bookmark: _Ref462817227]Introduction
[bookmark: _Ref178064866]5G is currently being standardized by 3GPP and is targeting a wide range of data services including eMBB and URLLC. URLLC (Ultra-Reliable Low Latency Communication) is a new data service with extremely strict error and latency requirements as described by [1].
The following agreements were reached in RAN1:
· 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

URLLC data transmission should happen as soon as a URLLC packet arrives at the transmitter. Therefore, it can even happen at the same time as eMBB transmissions. RAN1 has agreed to “puncture” (by replacing or superimposing) the ongoing eMBB transmissions in certain time-frequency resources and perform a URLLC transmission on those “punctured” resource elements(REs). 
RAN1 agreed to support URLLC transmissions by puncturing eMBB resources.
For downlink, an ongoing transmission of slot length, e.g. for eMBB, may be interrupted (punctured) by a shorter mini-slot transmission, e.g. for URLLC.
The punctured and puncturing transmission, as discussed below, can be directed to the same UE or to different UEs;
· Intra-UE puncturing: Both the shorter mini-slot (puncturing) and slot level (punctured) tranmissions are transmitted to the same UE [2].
· Inter-UE puncturing: The data in shorter mini-slot (puncturing) transmission is transmitted to a different UE than the data transmitted in slot length (punctured) transmission [3].
There are different puncturing cases for DL; inter-UE and intra-UE puncturing. 
In this paper the scenario used is eMBB transmissions being punctured by URLLC transmissions, but the solutions are not limited to those services. 
Discussion
Intra-UE Puncturing in Downlink
The URLLC transmission consists of a control information part consisting of DMRS (De-Modulation Reference Signals) for demodulation of the control information as well as control information, and a data part comprising DMRS for demodulation of data as well as data. Figure 1 illustrates a scenario where the ongoing eMBB data transmission of a UE is punctured to be able to transmit URLLC data to the same UE in downlink [3].
[image: ]
[bookmark: _Ref473714825]Figure 1: Illustration of an intra-UE puncturing i.e. URLLC transmission puncturing eMBB data in downlink. 
As the puncturing transmission should not overwrite the data of the punctured transmission when received in the UE, the two transmissions must have different HARQ processes.
In case of intra-UE puncturing, the UE must have separate HARQ processes for the eMBB and URLLC data.
Inter-UE Puncturing in Downlink
In this case the gNB schedules eMBB data for one UE (UE-1) and URLLC data for another UE (UE-2), as shown in Figure 2. In this case, UE-1 interprets the punctured bits as ordinary eMBB data, since it has no information about the puncturing. It is therefore unlikely that decoding of the eMBB data will be successful without a retransmission.
[image: ]
[bookmark: _Ref473719097]Figure 2: DL URLLC data for UE-2 punctures the eMBB data of UE-1
Regardless of puncturing case (inter-UE or intra-UE), puncturing has negative impact to the punctured eMBB TB.
Downlink HARQ Considerations for punctured eMBB
On the gNB side, the gNB is able to estimate the probability of decoding failure directly after puncturing of the eMBB TB. To reduce latency, the gNB could retransmit the punctured eMBB bits (i.e. the corresponding Code Block Groups (CBGs)), without waiting until a NACK is received from the UE. 

The gNB may estimate the probability of decoding failure directly after puncturing of eMBB data. 
When the retransmission is received by the UE, it combines the information in the soft buffer with the soft information of the retransmission. The soft information now corresponds to a codeword without punctured bits and decoding is likely to be completed successfully, as shown in Figure 3. As indicated in the figure, the retransmission delay may be significantly reduced. 
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[bookmark: _Ref473645543][bookmark: _Ref477940049]Figure 3: DL HARQ retransmission without NACK 
[bookmark: _Toc478147892]DL HARQ retransmissions without waiting for feedback is supported.
Downlink HARQ Considerations for URLLC in punctured eMBB
[bookmark: _Ref462918989]HARQ retransmissions is a method to handle unpredicable interferences and channel variations. The reliability of the punctured data (eMBB) can be strengthened by performing HARQ retransmissions when it is necessary. Usually to ensure the transmission reliability, for each packet corresponding to a HARQ process a feedback needs to be provided from the receiver, which can be in a format of either a DCI or explicit ACK/NACK. Thus for two received processes (URLLC and eMBB) feedback is required from the UE. Therefore, we make the following observation:
When an intra-UE puncturing happens, the two processes (URLLC and eMBB) are overlapping in time, and HARQ feedback is needed for both.
Moreover, since the TTIs for URLLC and eMBB can differ, feedback according to the eMBB TTI timing for puncturing URLLC data may imply long feedback delay. Also, using one common HARQ indicator for multiple processes (here punctured eMBB and puncturing URLLC) leads to ambiguity in the network.
[bookmark: _Toc478147893]RAN2 should investigate and specify HARQ mechanism (procedure, timing, HARQ ID related issues) for processes overlapping in time due to puncturing.
Conclusion
Based on the discussion section we observed and propose the following:

Observation 1	RAN1 agreed to support URLLC transmissions by puncturing eMBB resources.
Observation 2	For downlink, an ongoing transmission of slot length, e.g. for eMBB, may be interrupted (punctured) by a shorter mini-slot transmission, e.g. for URLLC.
Observation 3	There are different puncturing cases for DL; inter-UE and intra-UE puncturing.
Observation 4	In case of intra-UE puncturing, the UE must have separate HARQ processes for the eMBB and URLLC data.
Observation 5	Regardless of puncturing case (inter-UE or intra-UE), puncturing has negative impact to the punctured eMBB TB.
Observation 6	The gNB may estimate the probability of decoding failure directly after puncturing of eMBB data.
Observation 7	When an intra-UE puncturing happens, the two processes (URLLC and eMBB) are overlapping in time, and HARQ feedback is needed for both.

Proposal 1	DL HARQ retransmissions without waiting for feedback is supported.
Proposal 2	RAN2 should investigate and specify HARQ mechanism (procedure, timing, HARQ ID related issues) for processes overlapping in time due to puncturing.
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