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1 Introduction
During the last RAN1 meetings [1], the following agreements about the multiplexing of eMBB and URLLC and the mini-slot were made:
	Agreements:
· For DL CBG-based (re)transmission,
· Following information can be configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.
· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.
· FFS: timing of CBG-based (re)transmission.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication.




	Agreements:
· Take into account following targets/use-cases to design mini-slots:
· Support of very low latency including URLLC for certain slot lengths
· Target slot lengths are at least 1ms, 0.5ms




In this contribution, we present an analysis about pre-emption indication, in which channel and when to transmit and with which granularity the pre-empted resources shall be indicated. 
2 Discussion
It was agreed in last RAN1 meeting that the gNB may support indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s) using a PDCCH and that a short data transmission (mini-slot) can be used for the low latency traffic.  That is, the short URLLC transmission can preempt the longer eMBB transmission. In this section, we discuss some issues related to the multiplexing of URLLC and eMBB by preemption.
Configuration of the pre-emption indication
An eMBB UE will not always be candidate for being pre-empted. We suggest that the gNB scheduler can divide the available time/frequency resources into 2 regions, one where a possible pre-emption can happen and another one where pre-empting URLLC traffic will not be scheduled. The allocation and size of these regions should be possible to change dynamically. Also, not all UEs may have the capability to handle pre-empted slots, these UEs would be better to schedule on eMBB-only resources.  Therefore, two types of resources maybe considered in downlink with a time length equal to the scheduling interval for the eMBB UE: 
· One resource type that is dedicated for the eMBB UE transmission. In this region it can be assumed that no preemption occurs
· One resource type that is shared between the URLLC and the eMBB UEs. In this region, the URLLC data can preempt the downlink transmission to eMBB UEs 
It should be noted that in the specification there should be no need to distinguish between the two resource types, it is up the implementation. However, what is meaningful to specify, is a UE indication about the possibility of being preempted. When the UE is in the shared zone, it should know this and monitor for possible preemption indications. When detected, it should then exclude the indicated symbols when decoding the received data. 
In Figure 1, an example for the allocation of dedicated and shared resources in FDM fashion is given. For example, RRC signaling could notify the eMBB UE about the shared resource region. The shared resource region can then be adjusted according to the URLLC traffic load. Also, a group common high-layer signal or DCI signal could be used to notify the change of the shared resource to all the eMBB UEs.

 
Figure 1 - FDM for the shared resource and the dedicated resource
Proposal 1: RAN1 should support semi-static and/or dynamic signaling to notify UEs whether it is possible to be pre-empted during an ongoing data transmission.
Benefit of preemption indication before the retransmission
In previous contributions, many companies have provided simulation results that show that the eMBB performance is improved with the help of preemption indication.
· Significant performance loss is experienced when the eMBB UE has no preemption indication.
· If the preempted resources are known to the UE when decoding the first transmission, the performance can be improved significantly compared to the case when no preemption indication is available for the first transmission.
For the second observation, the eMBB UE can exclude the damaged part and remove the URLLC interference already when decoding the first transmission. This can have significant impact on the spectrum efficiency in higher SNR regions, where successful decoding often is achieved with a single transmission. 
Also, if the preemption indication already is known for the first transmission, then the gNB does not need to indicate the eMBB-CBGs that are impacted by the URLLC transmission (if configured at all) in the DCI scheduling the CBG-based retransmission. Instead, the UE can derive this information from the resources pointed out by the preemption indication and flush the corresponding soft-buffer(s).
Proposal 2: The pre-emption indication should be known to the eMBB UE while it is processing the first transmission which could be TB-based or CBG-based. 
Timing of the preemption indication
In the previous paragraphs we have described the benefits to have an indication signal for the first transmission. Here, candidate methods how to realize this are discussed. Basically, there are three possibility
1. Current indication during the pre-empting URLLC transmission
2. Self-contained indication during the preempted eMBB transmission
3. Sub-sequent indication in the slot after the preemption
Current indication: When URLLC traffic pre-empts the eMBB data, the gNB broadcasts a signal using a UE-specific or group common PDCCH to one/all eMBB UEs, This message indicates then the position of the URLLC traffic as shown in the Figure 2 below. After the eMBB UEs have received the pre-emption indication, they exclude the indicted resources from their decoding. The drawback of this method is that eMBB UEs need perform frequent detections, in worst case on each symbol in various frequency sub-bands. 


Figure 2: Transmitting the pre-emption indication in the URLLC transmission duration

Self-contained indication: The gNB transmits the preemption indication in the last part of the impacted eMBB UE slot. The preemption indication can be transmitted in the group common PDCCH. Because the URLLC might be not transmitted very frequently, the group common PDCCH carrying the preemption indication can preempt the eMBB data to improve the transmission efficiency. Generally, in this method, the eMBB UE can exclude the preempted data and can execute one more decoding of the before sending the HARQ feedback. In Figure 3 it is illustrated as an example that predefined resource elements in the last one or two data symbols are overwritten by preemption indication.


Figure 3 – Pre-empting the predefined resource position for notifying the pre-emption
Sub-sequent indication: In the third approach the gNB transmits the pre-emption indication in the DCI during the next eMBB slot. This could be done with a UE specific DCI or with a common DCI. Both methods have some issues. If a UE specific DCI is used, the blocking probability of the PDCCH is increased.  If the pre-emption indication is included in a common DCI, other problems might come up. Firstly, the UE needs to perform more blind detections which increases the complexity and power consumption. Secondly, if the SFI and the pre-emption indication are in the same group common PDCCH, the bits for the pre-emption indication or SFI will be wasted in some cases leading to a larger DCI payload. Moreover, from the view point of the forward compatibility, it might be not a good design choice to restrict the indication transmitted in the DCI of the next eMBB UE slot. A self-contained approach would allow for more flexibility to multiplex various services-

Proposal 3：Transmitting the pre-emption indication at the end of eMBB or the beginning of the next eMBB slot using the group common PDCCH should be considered.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Granularity of the preemption indication
The granularity of the preemption indication should match the scheduling granularity of the mini-slots carrying the URLLC traffic (both in time and frequency). Since that might change for different requirements and payloads, the granularity of indicated resources should be configurable.
Proposal 4：The granularity of the resources indicated by the pre-emption indication shall be configurable
· As baseline, it should follow scheduling granularity of the pre-empting mini-slots 
Time domain considerations: 
To indicate the preempted symbols, a straight forward Option 1 is to directly identify the start and stop symbol of the mini-slot. Assuming 14 possible OFDM symbols, 8 bits in total would be needed to represent the time domain, for 4 the start symbol and 4 for the end symbol.
Another Option 2, to reduce the number of required bits, is to relate the time-domain granularity to the configured URLLC- PDCCH monitoring and to assume a fixed length of the mini-slot duration for the selected numerology. The URLLC time duration could assumed to be in the range of approximately 0.125ms. Thus, the needed number of symbols depends on the sub-carrier spacing that is used. For 15 kHz, 2 symbols could be applied and for 30 kHz, 4 symbols could be used for the URLLC transmission. 
However, for a latency critical service, a transmission may occur at any time instance and would require an immediate scheduling opportunity. For the definition of the URLLC transmission opportunity, there are two options:
· Option 2a: The scheduling unit of URLLC can start at any eMBB symbol within eMBB numerology slot.
· Option 2b: The scheduling unit of URLLC should start at predefined eMBB symbols within eMBB numerology slot.
For Option2a, it is good to support the “arrive-and-go” nature of URLLC, no extra latency is introduced, but the URLLC UE has to monitor downlink control channel symbol by symbol. In this case, the preemption indication could point out any symbol in the slot, this 4 bits would be needed. It is here assumed that it only makes sense to indicate if one preemption per eMBB slot has happened. For more pre-emption, more bits would be needed. But probably then also too much data has been corrupted so it would not make sense to transmit a pre-emption indication at all.  
For Option 2b, the transmission to a URLLC UE can start only at predefined eMBB symbols within the slot of eMBB. In this way, both the DCI monitoring and the overhead of the preemption indication are reduced at the expense of a slightly increased latency of the URLLC traffic. If there are for instance 6 URLLC-PDCCH monitoring occasions, 3 bits would be needed to indicate the time domain resources.  
Taking all these factors into account, Option 1 costs the most resources but also gives the most flexibility, whereas Option 2b needs the least resources but also imposes the most restriction on the preemption indication. The final choice would depend on the total number of bits available in the DCI and also on the required flexibility of the mini-slot scheduling. 
Our view the mini-slot scheduling can be restricted and not so much flexibility is needed. Therefore, Option 2b is slightly preferred.     
An example for Option 2b is illustrated below, the URLLC traffic can start on some specific positions using the 2-OS mini-slot in the following figure 5. Within the 14 OFDM symbols, there are six starting positions for the URLLC transmission and two OFDM symbols may be used for the DMRS of the eMBB transmission. The URLLC traffic will not preempt the DMRS signal to reduce the effect on the eMBB traffic. For this example, the slot length for the eMBB transmission is 7 OS or 14 OS with 15kHz SCS. 


Figure 4 – Example for multiplexing URLLC and eMBB

Proposal 5: Both the overhead and the performance impact on the URLLC and eMBB UE need to be considered for the choice of the granularity of preemption indication. 
· The start of the preemption can be aligned with a URLLC- PDCCH monitoring occasion
· The duration of the preemption can be deduced from sub-carrier spacing

Frequency domain considerations:
Considering wider bandwidth operation and discrete resource allocation for the URLLC UE, the frequency domain indication is more complicated. For an eMBB UE, at least a DL BWP is active and at least a CORESET is configured in this DL BWP. A group common PDCCH in the CORESET associated with the DL BWP can be used to transmit the pre-emption indication. Based on the configured bandwidth for the shared recourses for the URLLC and eMBB transmission, the frequency domain indication can be transmitted to the eMBB UE by one or some group common PDCCHs. One example is shown in Figure 3 above. Each common PDCCH at the end of the eMBB slot could be responsible for certain frequency range. 
The URLLC transmission is typically using a large bandwidth, therefore, the RBG granularity might be enough and this will reduce the overhead of the frequency domain indication.
Proposal 6: The URLLC transmission bandwidth is expected to be rather wide. RBG granularity should be starting point for further studies on preemption in the frequency domain
3 Conclusion
In this contribution we have discussed the dynamic multiplexing of the URLLC and eMBB in the downlink. As summary, we have following proposals:
Proposal 1: RAN1 should support semi-static and/or dynamic signaling to notify UEs whether it is possible to be pre-empted during an ongoing data transmission.
Proposal 2: The pre-emption indication should be known to the eMBB UE while it is processing the first transmission which could be TB-based or CBG-based. 
Proposal 3：Transmitting the pre-emption indication at the end of eMBB or the beginning of the next eMBB slot using the group common PDCCH should be considered.
Proposal 4：The granularity of the resources indicated by the pre-emption indication shall be configurable
· As baseline, it should follow scheduling granularity of the pre-empting mini-slots 
Proposal 5: Both the overhead and the performance impact on the URLLC and eMBB UE need to be considered for the choice of the granularity of preemption indication. 
· The start of the preemption can be aligned with a URLLC- PDCCH monitoring occasion
· The duration of the preemption can be deduced from sub-carrier spacing
Proposal 6: The URLLC transmission bandwidth is expected to be rather wide. RBG granularity should be starting point for further studies on preemption in the frequency domain.
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