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Introduction
In this contribution, we discuss some considerations on eMBB/URLLC multiplexing in DL.
Discussions
[bookmark: _GoBack]Considering the service characteristic of the URLLC, the data on URLLC must be transmitted at any time, at least, in a time unit that is sufficiently smaller than 1ms. On the other hand, latency requirement for eMBB is not tight as URLLC rather it focuses on supporting higher data rates, and that makes eMBB UEs to be scheduled based on relatively long TTI to reduce unnecessary control overhead and power consumption for monitoring DCI. A simple way to multiplex these different TTI based data transmission is to divide the resources for URLLC and eMBB with semi-static manner such as FDM. However, such a semi-static division of resources is not desirable in terms of resource utilization efficiency, and which degrades cell throughput. Therefore, from the RAN1 study on eMBB/URLLC multiplexing it was agreed to adopt preemption based dynamic resource sharing between eMBB and URLLC in DL, e.g. puncturing of scheduled eMBB resources to transmit URLLC packet.
2.1. Pre-emption indication
In the last meeting, some agreements regarding pre-emption indication for eMBB were given as follows:
Agreements:
· 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
· FFS details

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

From the agreement, indication can be dynamically signaled to an eMBB UE, and which implies that eMBB UEs need to monitor the indication signal, at least if it has a scheduled PDSCH reception. Therefore, according to the indication signaling timing, i.e. within the PDSCH TTI or after the PDSCH TTI, an eMBB UE should try to decode indication signal within the TTI with periodicity of e.g. mini-slot, or try to decode the indication signal additionally on its DL control resource set/SS in the following slot(s), and which makes additional power consumption on the eMBB UE. 
Dynamic resource sharing is helpful in terms of resource utilization efficiency especially in case of heavy data loaded network situation, however, if the network load is light, i.e. there is not much data traffic to be scheduled and relatively large amount of radio resources are not used within a slot, the unused resources can cover the emergent URLLC transmission burst. In this case, dedication of some resources for URLLC will help eMBB UEs to prevent unnecessary power consumption for monitoring preemption indication. So, considering long-term or short-term data load, network can configure the eMBB/URLLC multiplexing method, i.e. semi-static allocation or dynamic sharing, and whether to monitor pre-emption indication signal for eMBB UE aspect. The configuration can be higher layer based or per PDSCH transmission based.
Proposal 1: Network configures eMBB/URLLC multiplexing mode, and the configuration can be higher layer signaling based or per PDSCH transmission based. 
2.2. Resources for eMBB DM-RS
As mentioned above, pre-emption based dynamic resource sharing will help to increase resource utilization efficiency. However, it makes negative impact on the preempted eMBB PDSCH decoding performance inherently. Therefore, it needs to be considered to minimize the impact on eMBB performance, especially in terms of decoding CB(s) or CBG(s) that are not affected by URLLC preemption, and at least for decoding of the unaffected CB(s) or CBG(s) it is desirable to keep the channel estimation performance reliable. So, even with the URLLC transmission, the functionalities like measurements of RSs must be operational with sufficient reliability.
Proposal 2: Resources for RS transmissions are not pre-empted or punctured by the URLLC transmission.
2.3. HARQ operation for eMBB
A working assumption about the eMBB HARQ procedure indicating the structure of TB implicitly is derived at [1] as following:
Working assumption:
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
· CBG granularity is configurable

From this WA, a DL TB can be represented as Figure 1. Note that the shape of the frame is on the logical domain, not physical.
[image: ]
Fig. 1: Logical downlink transmission block structure

Under this assumption, we can assume a puncturing mapped into the frame, like Figure 2.
[image: ]
Fig. 2: An example of puncturing on the logical domain with arbitrary interleaving

If the HARQ and corresponding retransmission procedures are performed within a unit of CBG, the TB in Figure 2 will use three ACK/NACK feedback bits. Someone can infer that even with sufficient low channel noise, the first CBG transmission will fail, while the last CBG transmission will success with reasonable noise level relying on the error-correcting codes. If the puncturing is performed as like the second CBG, the result is hard to be anticipated depending on the instant noise level of the moment.
Observation 1: If the amount of punctured resources in each CBs is sufficiently small, the decision of retransmission of the corresponding CBG by the normal HARQ procedure may be reasonable.
However, things go different if the amounts of punctured elements are increased. Asking ACK/NACK is inefficient if the transmitter can have confidence with the transmission failure caused by the large amount of punctured elements in the CBG. In this case, the transmitter can decide retransmission without the ACK/NACK feedback of the receiver.
Observation 2: If the amount of punctured resources in some CB is not sufficiently small, the decision of autonomous retransmission of the corresponding CBG may be reasonable.
Considering the affect to original eMBB transmission and consequential HARQ retransmission procedure, the unit of retransmission needs to be a CBG. With these observations, we give the following proposal.
Proposal 3: An autonomous retransmission of impacted CBG decided by the transmitter or the puncturing circumstance is supported.
Summary
The following summarizes the observations and proposals in this contribution.
Proposal 1: Network configures eMBB/URLLC multiplexing mode, and the configuration can be higher layer signaling based or per PDSCH transmission based. 
Proposal 2: Resources for RS transmissions are not pre-empted or punctured by the URLLC transmission.
Observation 1: If the amount of punctured resources in each CBs is sufficiently small, the decision of retransmission of the corresponding CBG by the normal HARQ procedure may be reasonable.
Observation 2: If the amount of punctured resources in some CB is not sufficiently small, the decision of autonomous retransmission of the corresponding CBG by the transmitter may be reasonable.
Proposal 3: An autonomous retransmission of impacted CBG decided by the transmitter or the puncturing circumstance is supported.
References
[1] RAN1 Chairman’s Note, 3GPP TSG RAN WG1 Meeting #88, February, 2017.
image1.png
[ : code Block (cB)
D : Code Block Group (CBG)





image2.png
.: Punctured element




