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1. Introduction
In RAN1#88 meeting, the following was agreed regarding preemption-based multiplexing of eMBB and URLLC in DL [1]:
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
· 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
In this contribution we provide our views on the explicit indication related to URLLC transmission puncturing eMBB transmission in downlink. We also discuss approaches for supplementary transmission to recover the impacted eMBB data.
Puncturing Indication
The performance degradation of punctured eMBB transmission in downlink can be contained by obtaining indication at eMBB UE regarding the URLLC transmission overlapping its resources. For this reason the use of such indication has been supported. Furthermore, it was supported in RAN1#88 that this puncturing indication can be dynamically signalled to the eMBB UE. Such explicit indication minimises the complexity imposed on eMBB UE.
Now that a more specific picture has been obtained on the type of the puncturing indicator under focus, there are some key aspects regarding the indication that have to be determined before designing the detailed scheme. On earlier discussions, several opinions were presented regarding the types of information to be indicated as well as when and where to indicate, i.e. the indication location. It would be useful to consider these two aspects together in order to design a solution that will neither impose great difficulties for implementation (e.g. require new control channel, risk of PDCCH blocking) nor exclude possible future enhancements (e.g. enriched indication for improved eMBB performance).
Information within indication
One important aspect to consider is what information relevant to eMBB/URLLC multiplexing might be required to eMBB UE. Of course, puncturing indication can primarily include: 
· Indication about existence (or not) of URLLC puncturing;
· Information to identify the time-frequency resource where eMBB data is impacted. Such information can be:
· coarse, e.g. CB-group or mini-slot group affected;
· detailed, e.g. CBs or mini-slots affected 
· based on URLLC scheduling, e.g. in case dynamic reservation of resources is used, indexes of allowed resource regions can be indicated.
In addition to the above, other information might prove helpful to improve eMBB performance. Generally, gNB will have a better overview of the system, e.g. of downlink channel quality, URLLC traffic, number of punctures within a UE’s TB etc.  Therefore, it can provide suggestions to eMBB UE to improve its operation such as:
· indication of flushing out the initial transmission that was punctured; or
· whether gNB is planning to (re)-transmit the corrupted data without considering HARQ response.
Moreover, in last RAN1 meeting it has been agreed that puncturing indication may be used to improve eMBB UE’s ability to demodulate and decode its punctured data based on subsequent (re)-transmissions of the punctured TB. In case such a supplementary transmission is used, additional indication information will be needed e.g. to implement its scheduling mechanism. Such information could be combined with the explicit puncturing indication. For example, supplementary transmission information can include:
· whether a supplementary transmission is on following slot;
· details on format of such transmission (e.g. RV);
· granularity of supplementary transmission resource (e.g. CB-group, mini-slot group);
· information to identify the scheduling of the resource.
The above mentioned information might deem necessary or at least beneficial in the future and it is preferred to be included within the puncturing indication instead of comprising a new dynamic control signalling.
Proposal 1: It is suggested to decide the location of puncturing indication considering the possibility of including other information for eMBB UE apart from puncturing existence and identification of punctured resources.
Indication location
Puncturing-related information can be indicated to eMBB UE only after it is known to gNB if and which (and possibly how) eMBB resources are impacted. gNB can configure the existence of such indicator as well as the information provided by the indicator, via e.g. RRC. The following possible indicator types exist considering the location of transmission: 
a. Pre-indicator 
i. prior a puncturing event (e.g. at a new control channel spanning along the slot), or
ii. during each puncturing event (e.g. at DCI of URLLC mini-slot)
b. Current-indicator at the same eMBB TTI but after potential URLLC transmissions (e.g. at slot end, within a new control channel or within another DCI) 
c. Post-indicator at DCI of a subsequent eMBB slot
i. scheduled to the same eMBB UE (e.g. on next scheduling interval)
ii. scheduled to another eMBB UE (e.g. always on the very next slot).
Monitoring constantly pre-indicators for possible puncturing events will help on faster decoding of impacted CBs which however might not be needed for eMBB. On the other hand, complexity at eMBB UE for monitoring the indication too often might be increased and unnecessary DL control overhead maybe introduced, especially considering several indicators with separate CRCs within a TTI when each indicator is big enough to request a CRC protection. 
Indication in subsequent eMBB slot has certainly the advantage of reusing normal control channel. However, it has to be ensured that a) PDCCH is not loaded too much, and b) indication at subsequent scheduling interval arrives soon enough in order to keep low the eMBB data decoding delay and UE buffering capability needs.
Alternatively, signalling such information backwards, i.e. at most once, at the end of the eMBB slot (as shown in Figure 1), is efficient in terms of monitoring effort and control overhead. For multiple regions impacted by multiple URLLC transmissions, one indicator packet with one CRC is enough. When no URLLC transmission happens, no indicator is sent and eMBB UEs will know that by checking the possible indicator’s CRC. In addition, it keeps the self-contained nature of eMBB slot and imposes no issues when URLLC uses different numerology from eMBB. Considering also the possible introduction of a normal DCI at slot end, there will be no need for defining a new control channel and flexibility will be provided to include additional puncturing related information if needed. 
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Figure 1 – Post-indicator of URLLC puncturing within eMBB TTI.
Proposal 2: It is proposed to support puncturing indicator at the end of the eMBB slot. gNB can configure the existence of the indicator and the information provided by the indicator, via e.g. RRC.
Another aspect to consider for the puncturing indication is whether it can be a UE-specific or a common indication. Considering multiple eMBB UEs’ transmission may be impacted by a single URLLC transmission, if the impacted region of time and/or frequency is indicated to these UEs, there is no need for the indicator to be addressed to each single UE and actually this indicator could be sent anonymously. 
Supplementary transmission
The performance degradation of preempted eMBB transmissions can be improved by using a puncturing indication in conjunction with subsequent (re)-transmissions of the same TB, i.e. retransmission of a TB or CB-group that has been impacted by URLLC preemption or transmission of eMBB resources that were punctured to give priority to URLLC transmission [2][3]. 
Such supplementary transmission may be needed in case eMBB TB cannot (or is expected to not) be decoded due to severe URLLC corruption even with puncturing indication provided. Instead of retransmitting the whole TB, it will be more efficient to only retransmit the impacted region (e.g. symbols, PRBs, CBs) or even transmit the exact punctured resources. The benefits of such practice include:
· higher spectral efficiency since supplementary transmission can be carried within a mini-slot or fitted together with a new TB;
· easier for scheduler to find available resource within next slots taking advantage of NR’s flexible frame structure, i.e. reduced delay for supplementary transmission.
Proposal 3: Supplementary transmission of only corrupted resources should be considered for improving an eMBB transmission punctured by URLLC transmission.
Supplementary transmission before HARQ feedback at gNB
When corrupted data needs to be (re)-transmitted for impacted eMBB UEs, gNB will have to decide which resources to schedule and how to indicate this to the UEs. gNB can wait for a HARQ-NACK response from eMBB UE and then use DCI of next available scheduling unit to arrange the supplementary transmission. This approach ensures that (re)-transmission occurs only when necessary and may burden less the eMBB throughput performance.  However, delay may be introduced to the successful decoding of a punctured TB (or CB-group) which cannot be reconstructed correctly just by using the puncturing indication.
There is also the possibility that such (re)-transmission is arranged before HARQ feedback of original transmission is received at gNB. This is possible since gNB has informed knowledge of eMBB data corruptions due to URLLC. When a small ratio of all resources of eMBB transmissions with robust MCS is impacted, there is no need to start a (re)-transmission of the impacted regions. But if a big ratio of an eMBB transmission is impacted or if the eMBB transmission uses an aggressive MCS, an immediate (re)-transmission without waiting for HARQ Ack/Nack can be beneficial. In that case, delay disadvantage is reduced and overall eMBB throughput is increased. Also for non-self-contained structure, Ack/Nack feedback overhead can be reduced if fast (re)-transmission is received at UE before Ack/Nack transmission.
Supplementary transmission before HARQ feedback can be decided by gNB. Depending on URLLC traffic or UE requirements, gNB could decide if fast- or HARQ- scheduled supplementary transmission is more advantageous. 
Proposal 4: It is proposed to schedule a supplementary transmission for impacted eMBB transmission by URLLC before HARQ feedback reception at gNB. gNB can decide to wait for HARQ feedback or schedule supplementary transmission before HARQ.
There could two options for the signalling to enable (re)-transmission before HARQ as shown in Figure 2:
a) Independently of puncturing indicator, e.g. in DCI at start of a next slot:
DCI is used to indicate (re)-transmission of preempted data. eMBB UE needs to monitor the DCI of a next slot (even if it is not a scheduling unit of this eMBB UE). This approach gives more flexibility to scheduler but requires heavier monitoring from eMBB UE and increases PDCCH blocking. 
b) Together with the puncturing indicator, e.g. in DCI at end of current slot: 
Current-indicator for URLLC puncturing at end of eMBB slot can be used to indicate an upcoming (re)-transmission of punctured data. This approach does not require extra monitoring from eMBB UE but it has to be designed so as to not significantly increase the load of puncturing indicator.
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Figure 2 – (Re)-transmission of punctured eMBB data before HARQ feedback at gNB.
Proposal 5: The puncturing indicator can optionally schedule a supplementary transmission of the information pre-empted by the URLLC transmission.
Scheduling of (re)-transmission using puncturing indication
It is important that the scheduling procedure for (re)-transmission of preempted eMBB data is kept as efficient as possible in terms of overhead and scheduling complexity introduced.  Keeping full flexibility on resource allocation of such supplementary transmissions will incur significant signalling overhead as well as control channel decoding complexity at eMBB UE, especially when amount of (re)-transmissions is large. 
Since the (re)-transmission frequency/time resource will correspond to the small bandwidth URLLC region (compared to the larger eMBB transmission bandwidth), no significant benefit could be expected from dynamic resource allocation in frequency domain. In that case, it can be beneficial to have pre-configured regions within eMBB resource to potentially allocate supplementary transmissions. The eMBB UE will just need to know if a pre-configured (re)-transmission region is enabled (and contains partial information for a previously received TB) or not (and contains new data). In addition, a method for one-to-one mapping of URLLC regions to supplementary transmission regions could provide an efficient way of scheduling implicitly the (re)-transmissions due to puncturing. What is more, such pre-configured regions, considered by gNB scheduler, could also ensure that (re)-transmissions of punctured data cannot be corrupted again by future URLLC transmissions. Corrupted (re)-transmissions could lead to more delay and waste of eMBB resources. 
Proposal 6: It is proposed to support pre-configured resources for (re)-transmission of preempted data. For scheduling (re)-transmissions of preempted data, consider a one-to-one mapping method between puncturing events/resources and (re)-transmissions. 
Finally, to combat latency and buffering requirements, (re)-transmission of punctured data at the very next slot could be considered. Generally, the (re)-transmissions can be either immediate (i.e. at very next eMBB slot) or scheduled at a later slot (e.g. at next scheduling unit of same eMBB UE). The advantage of immediate transmission is lower latency on UE decoding of combined eMBB data. However, it might be possible that there are no available resources for gNB to schedule at very next slot. To overcome this issue, a case where supplementary transmission is taking place within another eMBB UE’s slot could also be considered. In that case, a skip indicator in normal DCI could let the second UE to ‘skip’ the pre-configured retransmission region which is used to transmit another UE’s punctured data. 
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Figure 3 – Pre-configured resources for retransmission of punctured eMBB data.
2. Conclusions 
In this contribution, we provided some thoughts on retransmission approaches in case of preemption-based dynamic resource sharing between eMBB and URLLC in DL.
Proposal 1: It is suggested to decide the location of puncturing indication considering the possibility of including other information for eMBB UE apart from puncturing existence and identification of punctured resources.
Proposal 2: It is proposed to support puncturing indicator at the end of the eMBB slot. gNB can configure the existence of the indicator and the information provided by the indicator, via e.g. RRC.
Proposal 3: Supplementary transmission of only corrupted resources should be considered for improving an eMBB transmission punctured by URLLC transmission.
Proposal 4: It is proposed to schedule a supplementary transmission for impacted eMBB transmission by URLLC before HARQ feedback reception at gNB. gNB can decide to wait for HARQ feedback or schedule supplementary transmission before HARQ.
Proposal 5: The puncturing indicator can optionally schedule a supplementary transmission of the information pre-empted by the URLLC transmission.
Proposal 6: It is proposed to support pre-configured resources for (re)-transmission of preempted data. For scheduling (re)-transmissions of preempted data, consider a one-to-one mapping method between puncturing events/resources and (re)-transmissions. 
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