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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]. Hence, the current contribution builds on the previous agreements from RAN1#87 as well as from the recent RAN1 AH NR (Jan-2017):

From RAN1#87: 

· For DL, 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
From RAN1 AH NR (R1-1701456)

· For DL, support indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s)

· FFS: Details of  the granularity for impacted region used in the indication 

· e.g., PRB (group)/symbol (group)/mini-slot (group)/CB (group)/TB/Slot

· The indication is transmitted at one of the following (will be down selected later)

· during current eMBB TTI

· after current eMBB TTI

· during and after current eMBB TTI

· The indication is one of the following (will be down selected later)

· explicit

· implicit

· explicit and implicit
The rest of the contribution is organized as follows: In Section 2 we briefly recap the basic principle of punctured / preemptive scheduling. Section 3 addresses the open issue on what is granularity of the region of the eMBB transmission that is punctured by the URLLC transmission. Section 4 assesses the identified options for indication of the affected damaged part of eMBB transmission that have experienced puncturing / preemptive scheduling from a URLLC transmission.
2
Recap of punctured / preemptive scheduling
The basic principles of the proposed 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, the punctured/preemptive scheduling allows the gNB 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 4 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 for 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 has motivated the introduction of the indicate to the eMBB UE the part of the eMBB transmission that have been punctured. In the Table below we summarize the pros & cons and related recommendations for using explicit vs implicit indication, as well as offering such indication during the current eMBB TTI vs. after the current eMBB TTI.

	
	Explicit indication
	Implicit indication

	During current eMBB TTI
	It is challenging to use exlicit signaling for puncturing in an eMBB transmission as it is not known in advance if the eMBB transmission will be punctured. Including a new control element at the end of the eMBB transmission to indicate puncturing could, however, be one option. This would mean including new optional/mandatory control info in the data part of eMBB transmissions, which translates into both more complexity and possibly more power consumption. Further, such control info may even be overwritten if the last part of the eMBB transmission is punctured. So there is this fundamental dilemma that “explit indication” of the punctured part in an eMBB transmission might in fact be lost due to the puncturing.

Observation: Including explicit signaling at the beginning of the current eMBB TTI is problematic as it is not known in advanced which resources may be punctured.
Including explicit signaling at the end of the current eMBB TTI introduces new control information which means more complexity, and the problem of the signaling itself being punctured also needs to be addressed.
	The benefit of implicit signaling is obviously that no direct signaling overhead is present. However, the disadvantage is that such options are more error prone, and involves addition blind decoding, or detection options by UE. This is undesirable from a UE complexity point of view, and may essentially be problematic to standardize to ensure that all UEs have similar performance/behavior. It is also questionable how reliable such an approach can be and whether it needs additional signals for assistance.
Recommendation: Due to the disadvantages of the implicit indication, we suggest not to introduce any standards change to facilitate implicit indication. (Note that this does not prevent the UE from doing blind detection by implementation.)

	After current eMBB TTI


	If a first HARQ eMBB transmission is punctured, and the UE fails to decode it, the gNB could indicate the data part that was punctured in first transmission in the NR-PDCCH for the retransmission. This would be a clean solution, in the sense that the indication is triggered by information embedded in the NR-PDCCH, after it is known if puncturing have happend.
Observation: Including the indication as part of the NR-PDCCH in the retransmission of punctured eMBB is an attractive and clean solution.  
	


Based on the considerations in the above Table, we further elaborate on the preferred solution: When scheduling the HARQ retransmission (of the punctured data transmission), the gNB indicates as part of the scheduling grant (i.e. via the physical layer control channel) the part of the original transmission that was punctured, such that the UE can take this into account in the HARQ soft combining process. Applying this option will improve the performance by lowering the cost of applying punctured scheduling. It will improve the HARQ soft combinig performance by not including combining of the noisy (i.e. punctured) data part. 
While the above mentioned recovery mechanisms concentrate on the case where a first transmission was punctured, it may also happen that an ongoing HARQ retransmission is punctured. For such a scenario, energy and non-corrupted (i.e. non-punctured) information is available from the first HARQ transmission. Hence, even if part of the HARQ retransmission is corrupted, it in most cases represent sufficiently useful information to result in correctly decoding of the HARQ transmission. Hence, we suggest not to consider additional recovery mechanisms for cases where a first retransmission is subject to puncturing. This means that the defined indication signaling can be used for both first transmission and retransmissions, and it can be left to the gNB implementation how to signal it. For example, the gNB can choose not to indicate the damaged part for a retransmission if that is considered to be a better choice.
Proposal 1: In cases where the gNB receive a NACK for punctured downlink transmission, the gNB can inform the UE via the scheduling grant (NR-PDCCH) of the damaged transmission part of the previous transmisson when scheduling the HARQ retransmission.
It should furthermore be noticed that punctured / preemptive scheduling is naturally more important for cells with hgh traffic load, when there is 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 2: The gNB can configure eMBB UEs via higher layer signaling if the NR-PDCCH includes information to signal potential indication of puncturing.
4
Conclusion
In summary, we conclude the contribution as follows:
Proposal 1: In cases where the gNB receive a NACK for punctured downlink transmission, the gNB can inform the UE via the scheduling grant (NR-PDCCH) of the damaged transmission part of the previous transmisson when scheduling the HARQ retransmission.
Proposal 2: The gNB can configure eMBB UEs via higher layer signaling if the NR-PDCCH includes information to signal potential indication of puncturing.
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