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1. Introduction 
In RAN1 NR-AdHoc#1 the following is agreed:
· 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
This contribution provides further considerations of using an indicator of time and/or frequency resources within eMBB resources that are pre-empted by URLLC transmissions.
2. Discussion
Figure 1 shows a dynamic sharing of downlink resources for eMBB & URLLC where the arrival of the URLLC transmission pre-empts an ongoing eMBB transmission either by puncturing or superposition of a subset of eMBB resources.  This dynamic URLLC transmission corrupts the eMBB transmission thereby degrading the eMBB transmission.
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Figure 1: Dynamic sharing of resources for eMBB & URLLC

The methods to reduce the impact to the eMBB transmission can be generally divided into schemes where the eMBB UE is unaware of the URLLC corruption and schemes where the eMBB UE is aware of the URLLC corruption [1].  Analysis and simulations have shown that schemes where the eMBB UE is aware of the URLLC corruption perform significantly better than those where the eMBB UE is unaware of the URLLC corruption [2], [3], [4], [5].  The corruption aware schemes use indicator(s) to indicate to the eMBB UE, the portion(s) of the eMBB transmissions that have been pre-empted by URLLC transmission.  We discuss whether this indication is implicit or explicit and its location.
2.1 Implicit/Explicit Indicator
An implicit indicator would require the eMBB UE to detect the presence of URLLC, for example, the URLLC uses a different RS to that of eMBB so that URLLC transmission can be detected [6] or blind decodes for URLLC control channels.  Some benefits and drawbacks of using an implicit indicator are:

· Benefit:

· Minimises overhead

· Drawbacks:

· Significant complexity imposed onto the UE to detect and possibly partially decode another transmission belonging to a different UE

· Depending on UE implementation, UE may need to consistently blind detect at every URLLC scheduling interval throughout the eMBB transmission regardless of whether URLLC pre-emption exists

· The resources pre-empted by URLLC are likely estimated and therefore are not known precisely

· The eMBB UE may have to blind detect all possible URLLC numerologies

Explicit indication is straightforward and does not require the UE to attempt to decode another UE’s URLLC transmission.  Some benefits and drawbacks in using an explicit indicator are:

· Benefit:

· Low complexity to decode an indicator at a known location and format

· The indicator can precisely indicate the resources pre-empted by URLLC

· Drawbacks:

· Adds small overheads to the eMBB transmission but overheads are insignificant as a percentage of the overall eMBB transmission

In our view, the small overhead saving obtained through use of an implicit indicator does not justify the additional complexity imposed onto the eMBB UE.  In this contribution, we will assume that an explicit indicator is used. 

Observation 1: The benefits of using implicit indication must justify the complexity imposed on eMBB UE.
Proposal 1: The indication of time and/or frequency region of impacted eMBB resources to respective eMBB UEs is explicitly indicated. 
2.2 Location of Indicator

The explicit indicator can be transmitted within the eMBB TTI or outside of the eMBB TTI.  
2.2.1 Indicator within eMBB TTI
For an indicator that is transmitted within the eMBB TTI, the indicator can be a pre-indicator or a post-indicator [1].  A pre-indicator is transmitted prior or at the start of the URLLC pre-emption (also known as a current indicator) as shown in Figure 2.  A post-indicator is transmitted after the URLLC transmission and located at the end of the eMBB transmission as shown in Figure 3.
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Figure 2: Pre-indicator of URLLC pre-emption
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Figure 3: Post-indicator of URLLC pre-emption

Both types of indicators (pre and post) can provide the same information on the eMBB resources that are corrupted by URLLC transmission(s).  
The benefits and drawbacks of pre-indication:

· Benefits:

· Allows “on the fly” processing/decoding of the eMBB TB. However, in for eMBB, the timing constraints are far less demanding than for URLLC. It is therefore questionable if “on the fly” processing really is needed. 
· Drawbacks

· The eMBB UE has to either decode or blind decode for the indication consistently, i.e. at every possible URLLC scheduling interval throughout the eMBB transmission.  
· For a pre-indicator transmitted prior to URLLC transmission, the gNB may need to delay the URLLC transmission in order to transmit the pre-indicator

· For pre-indicator (or current indicator) transmitted at the same time as the URLLC transmission:

· The indicator may be in different numerology to that used by the eMBB UE since the URLLC transmission can be in a different numerology to that of the eMBB transmission. Another way would be to use dedicated resources for the indication signalling as shown in the right-hand drawing of figure 2. This approach could solve numerology restrictions but would come at the cost of a resource waste.
· Additional configuration/signalling may be required to inform the eMBB of the URLLC slot structure and starting positions, so that the eMBB UE can monitor all possible candidate positions. Alternatively, the eMBB might need to monitor every symbol to detect the indication signal. 
In contrast, for the post-indicator, the UE only needs to read this indicator once at the end of the eMBB transmission, at a known location.  It should be appreciated that only a single post indicator is required regardless of the number of URLLC pre-emptions that has occurred in the eMBB transmission.  Requiring a UE to consistently decode for a pre-indicator would impose additional complexity on the UE and since both types of indicator achieve the same purpose, we have a preference to use a post-indicator which is far simpler. Furthermore, on the fly processing/decoding is not critical for eMBB transmission and may be impractical if the RS are distributed over the entire eMBB transmission.
Observation 2: For eMBB, a pre-indicator imposes additional UE complexity, might impose restrictions on the numerology flexibility for URLLC/eMBB and does not offer any additional benefits compared to post-indicator.

It has been proposed that the post-indicator can schedule a retransmission of the eMBB information pre-empted by the URLLC transmission.  Such an immediate retransmission is beneficial especially if the URLLC corruption is significant enough to cause a CRC failure of the eMBB packet, e.g. most of the systematic bits are punctured and therefore not recoverable by the eMBB UE.  It should also be appreciated that whether an immediate retransmission can occur depends on the gNB decision. For instance, there may be no retransmission scheduled when only a small part of a robust transmission (e.g., low MCS) is impacted or when the scheduler cannot find available resources for this retransmission.

Proposal 2: The explicit indicator is located within the eMBB TTI at the end of the eMBB TTI.  
The presence or absence of the post-indicator can be configured by the gNB, i.e. prior to any eMBB transmission.  If configured, the post-indicator is either always transmitted or can be blind detected by the UE.
Proposal 3: The network can configure the UE to monitor for post-indicator in an eMBB transmission.
2.2.2 Indicator outside of eMBB TTI
Instead of sending the post indicator at the end of the eMBB TTI, it may also be sent outside of the eMBB TTI, i.e. in a DCI which is transmitted in the PDCCH search space of the sub-sequent slot as shown in Figure 4.  
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Figure 4: Indicator outside of eMBB TTI

This approach may have less specification impact, however, it requires a further study. Issues that should be paid attention to, are for example:
· The UE decoding should start after the DCI if the next slot has been read. In that case the UE can still disregard damaged symbols. However, this would could have some negative impact:

· Increases the HARQ time-line
· The start of eMBB decoding may depend on whether there is any corruption due to URLLC transmission or not and also whether a post indicator is present in the DCI of the next slot
· The additional DCI information might lead to a PDCCH blocking. One should also have in mind that many new features in NR shall be handled dynamically by DCI, so one should be careful to increase it even further if alternative solution exist:

Observation 3: Transmitting a post indicator outside of the eMBB TTI, within the DCI of the next slot, may have some impact and should be further studied.

3.   Conclusion

In this contribution we discuss some considerations on using indication of time and/or frequency resources within eMBB resources that are pre-empted by URLLC transmissions.  We observe the following:
Observation 1: The benefits of using implicit indication must justify the complexity imposed on eMBB UE.
Observation 2: For eMBB, a pre-indicator imposes additional UE complexity, might impose restrictions on the numerology flexibility for URLLC/eMBB and does not offer any additional benefits compared to post-indicator.
Observation 3: Transmitting a post indicator outside of the eMBB TTI, within the DCI of the next slot, may have some impact and should be further studied.

We propose the following:
Proposal 1: The indication of time and/or frequency region of impacted eMBB resources to respective eMBB UEs is explicitly indicated.
Proposal 2: The explicit indicator is located within the eMBB TTI at the end of the eMBB TTI.
Proposal 3: The network can configure the UE to monitor for post-indicator in an eMBB transmission.
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