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1
Introduction
In this contribution we discuss the open issues for the concept of punctured / preemptive scheduling as a downlink solution to have efficient multiplexing of eMBB and low latency communication (LLC) traffic such as e.g. URLLC [1]. We build on the following latest RAN1 agreements: 
· 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
· 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

2
Recap of punctured / preemptive scheduling
The basic principles of the punctured scheduling concept is pictured in Figure 1. Here UE #1 (with eMBB traffic) is scheduled by the BS for transmission on the downlink shared radio channel. The former is facilitated by the BS sending a scheduling allocation (transmitted on physical layer control channel) followed by the actual transmission of the transport block. During the scheduled transmission time of the transport block for UE #1, the downlink shared channel for this transmission is in principle monopolized by the UE. As illustrated in Figure 1, it may happen that LLC data for UE #2 arrives at the BS shortly after the transmission towards UE #1 has started. In order to avoid having to wait for the completion of the transport block transmission to UE #1, we instead propose to immediately transmit the LLC data to UE #2 by puncturing (i.e. over-writing) part of the ongoing transmission to UE #1. The advantage of this solution is that the latency of the data to UE #2 is minimized. The cost for this advantage is in the performance of the transmission towards UE #1. Depending on how large a fraction of the resources for the transmission towards UE #1 is punctured, UE #1 may still be able to correctly receive the data due to the benefits of efficient forward error correction (FEC). However, for many cases, it may also result in failed decoding of the transport block at UE #1. In Section 3 we discuss possible methods for recovering from such error cases.
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Figure 1: Sketch of the basic principles of punctured scheduling on the downlink shared data channel.
3
Indication punctured / preemptive scheduling

As illustrated in Figure 1, part of the transmission towards UE #1 (eMBB) is damaged by the puncturing transmission towards UE #2. If the transmission towards UE #1 is a first HARQ transmission, UE #1 may fail to correctly decode the transmission, and hence feed back a negative acknowledgement (NACK) to trigger a HARQ retransmission. If UE #1 is not made aware of the puncturing for the first transmissions, it will attempt HARQ soft combining of the first transmission and second transmission (i.e. first HARQ retransmission), including the damaged data. This is in short, what have motivated the discovery that it would be useful to indicate to the UE the part of the eMBB transmission that have been punctured.
It is challenging to use exlicit signaling for puncturing/preemption in an eMBB transmission as it is not known in advance if the eMBB transmission will be punctured. Including the indication in the NR-PDCCH that appears in the strart of the transmission is therefore not considered to be a viable option. 
Explicit puncturing indication within the original eMBB allocation
Including a new control element within or at the end of the eMBB transmission to indicate the potential puncturing /preemption therefore seems to be one viable option. Such indication could be in a fixed location within the eMBB transmission, or embedded inside the offending transmission. The fixed location approach, e.g. stealing some REs in the last symbol of the eMBB transmission might be a simpler option as then the UE would need to check for the message from one known location only. The downside of this is that if the last symbol is being punctured, then the offending transmission must make room for the indication, and in some cases it may not be possible to transmit both the indication to the eMBB UE #1 and the data to the low latency UE #2 in the same symbol successfully.
The practical aspects of such indication lead to the need of designing a new indication channel, new transmit functionality is required in the gNB and new reception functionality in the UE, and related RAN4 requirements need to be developed, while the increased signaling overhead would need to be understood against the potential gains.

Observation: Whether an explicit indication within the original eMBB allocation is net-beneficial in terms of gain vs overhead as well as complexity needs to be considered further.
Explicit puncturing indication in a subsequent DCI
The puncturing indication could be provided with the NR-PDCCH of a subsequent slot without needing to wait for the full HARQ loop. Moreover, when scheduling a HARQ retransmission (of an earlier punctured eMBB transmission), the gNB could indicate as part of the scheduling grant (i.e. on the NR-PDCCH) the part of the original transmission that was punctured, and the gNB could even schedule the retransmission prior to receiving the HARQ-ACK.

Proposal 1: The gNB should be able to inform the UE of the damaged transmission part of the first transmisson when scheduling the HARQ retransmission within the DCI on NR-PDCCH.
Proposal 2: The gNB should be able to transmit HARQ retransmission before receving HARQ-ACK.
It should furthermore be noticed that punctured / preemptive scheduling is naturally only needed for cells with hgh traffic load, and a mixture of eMBB and URLLC type of traffic. Hence, for cells with only RRC Connected UEs with eMBB type of traffic, support for puncturing does not need to be enabled. On a similar note, for cells with high load and both eMBB and URLLC, support for punctured scheduling naturally offer benefits. This leads the following:
Proposal 3: It should be possible for the gNB to configure eMBB UEs via higher layer if signaling of information to indicate potential puncturing / preemption is enabled.

It requires further studies to have have determined exactly how many bits are needed for carring the indication of the punctured / preempted resources of the eMBB transmission. In order to keep the overhead as low as possible, solutions where the total word size for Indication meesage is made variable; one such option could be towards having a small word size overhead if no punctureing / preemption happens, while enabling only larger word size control info for indication when actually needed.  
Proposal 4: In order to keep the wordsize overhead for indication low on average, solutions where the word size of this control element is made variable shall be further studied.
4
Conclusion
In summary, we conclude the contribution as follows:
Observation: Whether an explicit indication within the original eMBB allocation is net-beneficial in terms of gain vs overhead as well as complexity needs to be considered further.
Proposal 1: The gNB should be able to inform the UE of the damaged transmission part of the first transmisson when scheduling the HARQ retransmission within the DCI on NR-PDCCH.
Proposal 2: The gNB should be able to transmit HARQ retransmission before receving HARQ-ACK.
Proposal 3: It should be possible for the gNB to configure eMBB UEs via higher layer if signaling of information to indicate potential puncturing / preemption is enabled.

Proposal 4: In order to keep the wordsize overhead for indication low on average, solutions where the word size of this control element is made variable shall be further studied.
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