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1 Introduction

One main target of the 5G standard is to support a multitude of different services each with very different requirements. Those services include Enhanced Mobile Broadband (eMBB) for high data rate transmission, Ultra-Reliable Low Latency Communication (URLLC) for devices requiring low latency and high link reliability and Massive Machine-Type Communication (mMTC) to support a large number of low-power devices for a long life-time requiring highly energy efficient communication.

To maintain varying levels of quality of service (QoS) requirements demanded by these plethora of services, the 5G standard must allow a flexible and scalable design to support those various requirements at the same time. 

The focus in Phase 1 for Rel-15 has been on eMBB and URLLC standardization. In the following, we will focus on the specific aspect of the dynamic multiplexing of eMBB and URLLC data services in the downlink (DL). For the multiplexing of these two types of services, it is possible that URLLC data arrives at gNB where eMBB services are being served and within the latency constraints of URLLC, gNB does not have empty resources to transmit this data. In this case, NR envisages the preemption of ongoing eMBB data by newly arrived URLLC data. The eMBB users who are impacted need to be informed to recover from this preemption. For this purpose, implicit or explicit preemption indication needs to be sent to impacted UEs and handle the subsequent retransmissions if required.

2 3GPP Agreements 
In the previous RAN1 meetings, following agreements have been made on the dynamic multiplexing of eMBB and URLLC services and indication on preemption. 
RAN1#86, Gothenburg, Aug 2016

In agreements of RAN1#86, eMBB-URLLC dynamic sharing of resources was listed as one potential option to be considered. In RAN1#86bis it was agreed:
Agreements:
· NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL

RAN1#87, Reno, Nov 2016

Furthermore, in RAN1#87, it is clarified that the study focus is more on the case where URLLC transmission occurs within an ongoing eMBB transmission:

Agreements:
· 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
RAN1#88, Athens, Feb 2017
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
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
RAN1#88 Bis, Spokane, April 2017
Agreements:
· No new physical channel specific for indication of DL resources being preempted by another DL transmission is introduced 

· FFS whether the indication is based on NR-PDCCH or a group common PDCCH

· FFS location of the indication
· FFS timing of the indication
Further there were some relevant agreements on the re-transmission following the preemption and preemption indication.
Agreements:
· Confirm the working assumption as below.

· 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

Agreements:
· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.

· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.

In this contribution, we provide a design which consists of a single bit preemption indication to all active UEs in the DCI of the subsequent slot to where preemption occurs, followed by blind decoding of the URLLC DCIs of the previous slots by concerned eMBB UEs to find the complete details of the preemption. 
3 Discussion
The figure below shows a scenario where 3 eMBB UEs have been scheduled by the gNB. Then in the middle of this communication, URLLC data arrives and the gNB preempts the ongoing eMBB communication to accommodate this low latency URLLC data. This preemption event impacts 3 eMBB UEs.
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Figure 1 eMBB-URLLC Dynamic Multiplexing – MiniSlot puncturing the transmission of 3 eMBB UEs 

3.1 Blind Decoding without Preemption Indication
It has been agreed that the gNB can dynamically send the URLLC data on the resources assigned to eMBB users. This would cause a puncturing on eMBB traffic. 
The figure above shows an example where low latency URLLC data arrives at the gNB scheduler in the middle of the slot. So eMBB users are already receiving the data on their allocated resources when the gNB has to preempt the ongoing communication to accommodate the URLLC traffic. In this example, the URLLC traffic preempts the transmission of 3 eMBB UEs.

Some contributions have proposed that eMBB users while on communication continuously listen to possible mini-slot start instants to decode the URLLC DCI. This can make sense for UEs who are dual capable for these two services of eMBB and URLLC at the same time but for eMBB only UEs, this would be a lot of additional processing complexity which they have to support all the time irrespective of if preemption occurs or not.

Observation 1: Requesting active eMBB users to attempt blind decoding on all possible URLLC DCI start instants to find potential preemption events significantly increases the computational complexity of these devices.
Proposal 1: eMBB UEs are not required to do the blind decoding of all possible URLLC DCIs to find potential preemption events without receiving preemption indication from the gNB.
3.2 Timing for Preemption Indication
Regarding the preemption indication, we see the following possibilities:
1. Indication before preemption or along with DCI of URLLC

2. Indication after preemption during the rest of the scheduled resource

3. Indication after preemption after the current scheduling event (slot/sub-frame)

One possibility to do the indication before preemption is through a dedicated channel for such indication but 3GPP has agreed not to design any such additional control channel just for this purpose (R1-88b). Another possibility is to make eMBB UEs listen to all possible URLLC DCI start instants but as outlined before, this is a lot of additional complexity and hence, not recommended.

Indication after preemption and during the ongoing scheduling slot would again require an independent physical channel (not an option after 3GPP decision in R1-88b) or entail additional puncturing of eMBB resource to send this control information. We believe that the puncturing of eMBB resource a second time just to indicate the first URLLC puncturing event is not very elegant as it would puncture additional code-words and may add additional retransmissions of these code blocks or code block groups, a part of which were used for indicating a preemption.

An indication after preemption which happens after the current scheduling interval includes the following possibilities.

3.1 Indication in the DCI of the subsequent 
3.2 Indication in the DCI multiple slots later
3.3 Indication in the DCI of the slot when the preempted user gets scheduled again (next slot or later)

Option 3.2 and 3.3 add a lot of latency to the decoding possibility of the received code words which may require specific handling of HARQ latency after such events. If an eMBB UE does not do decoding till the preemption indication (or not), it adds to the decoding latency. If eMBB UE always tries to decode the code blocks even before preemption indication, there is still the question of its polluted soft buffer because of combining soft-bits or LLR values from the preempted time frequency resources, or otherwise it should have its soft buffer much larger so that it can still hold the previous LLR and the combined LLRs. Another problem with option 3.2 is that the eMBB UE may need to wake up and listen to DL control channels specifically to detect an indication of preemption which degrades the power efficiency of eMBB UEs.
With such constraints, we believe that the best occasion for preemption indication is in the DCI of the subsequent slot where preemption happens. This adds minimal latency to the ongoing decoding process.
Proposal 2: For a preemption event happening in slot (N-1), preemption indication should be part of the DCI of slot N.

3.3 Preemption Indication – User specific or Common3GPP has agreed in R1-88 on dynamic indication of preemption for eMBB UE whose resource has been preempted. For NR, carrier bandwidth can be much larger than LTE maximum carrier bandwidth of 20 MHz. With these large bandwidths, it is quite possible that multiple eMBB users have been scheduled in the same slot (sub-frame). When URLLC traffic arrives at the gNB in the middle of a slot such that it cannot wait for the next slot to be scheduled, the gNB has to accommodate this traffic in the ongoing slot preempting the already scheduled users. Due to the low latency nature of URLLC traffic, normally the gNB would try to accommodate this URLLC traffic in a short time duration by assigning it more frequency resources. This means that a single preemption event may cause disruption to the ongoing communication of multiple eMBB UEs. In the example of Figure 1, 3 eMBB UEs are impacted by one preemption event. Providing user specific information regarding preemption means adding individual indications for all users who have been impacted. This adds a lot of overhead to the DCI where preemption indication is conveyed. This could further be an issue where many of the eMBB UEs who got scheduled in the last slot (and underwent preemption) would receive this preemption indication in the next slot. 

Observation 2: User specific preemption indication sent to each impacted user will add significant increase to control overhead.

Proposal 3: The preemption indication should be common (or group specific), decodable at least by all the eMBB UEs who had been assigned resources in the slot with preemption event.
The preemption indication can be some minimal information to let all users know about this event, scheduled in the slot where preemption occurred. This could be conveyed by a single bit flag indicating the occurrence of a preemption event (be it in the form of a single preemption event or multiple mini-slots preempting the slot on various time-frequency resources in a scheduling interval). We propose in the next section how impacted UEs would acquire the details of the preempted resources through blind decoding on possible URLLC DCI intervals. To ease these blind decoding attempts, this preemption indication can be in the form of an integer (a field in the common DCI) which provides the exact number of preemption events (number of mini-slot) which occurred in the previous slot.
Proposal 4: The preemption indication common information can be in the form of a 1 bit flag indicating the occurrence of a preemption event or a field (an integer) providing the number of mini-slots preempting the eMBB transmission.
3.4 Acquiring the Information on Preemption ResourcesOnce eMBB UEs have been informed of the preemption event, for example by a common flag in the DCI of the next slot, to be able to avoid polluting their soft buffer, and/or null out the preemption resource LLRs or soft-bits, to request or expect re-transmissions for specific code block, code block groups or PRBs, they need to identify what resources have been punctured by preemption event. The details on the preemption resources can be acquired in two ways.

1. gNB sends user specific preemption details for each impacted user

2. gNB sends common preemption information details

3. eMBB users decode URLLC DCI after preemption indication

Concerning option 1, if the gNB has to send user specific preemption details, this results in a significant control information overhead in the DCI of the subsequent slot. This may result in inability of gNB to schedule the users for the current slot due to missing DCI resources. 
In option 2, the gNB can try to send only the resource assignment details for all the preemption events of a particular slot in a common (or group specific way) but considering that 3GPP allows multiple preemption events in a single slot, this would still result in a large overhead in the DCI control information.
Observation 3: Sending the explicit information on the preempted resources of a slot in the DCI of next slot (or later) increases the control overhead and reduces the DCI capacity.

Regarding the third possibility that eMBB users decode URLLC DCI, the gNB has to send the URLLC DCI (at least the resource assignment part) such that it is decodable by at least all active eMBB users in the active slot. Therefore, this part of the control information should either be common or group specific. 

Proposal 5: The resource assignment part in the DCI of URLLC mini-slot causing preemption should be decodable by at least all active eMBB users in this slot.

This option would imply putting a certain processing burden on eMBB UEs by requiring blind decoding on possible mini-slot DCI start instances in the preempted slot but considering that (i) a mini-slot can start on a symbol aligned to slot symbols, and (ii) eMBB UEs perform this additional processing only after receiving the preemption indication, keeping in mind the benefits this additional processing is highly justified.

4 Conclusion
This document discusses the detailed design of a preemption indication. The following observations have been made:
Observation 1: Requesting active eMBB users to attempt blind decoding on all possible URLLC DCI start instants to find potential preemption events significantly increases the computational complexity of these devices.

Observation 2: User specific preemption indication sent to each impacted user will add significant increase to control overhead.

Observation 3: Sending the explicit information on the preempted resources of a slot in the DCI of next slot (or later) increases the control overhead and reduces the DCI capacity.

The discussion and the observations result in the following proposals: 
Proposal 1: eMBB UEs are not required to do the blind decoding of all possible URLLC DCIs to find potential preemption events without receiving preemption indication from the gNB.

Proposal 2: For a preemption event happening in slot (N-1), preemption indication should be part of the DCI of slot N.

Proposal 3: The preemption indication should be common (or group specific), decodable at least by all the eMBB UEs who had been assigned resources in the slot with preemption event.

Proposal 4: The preemption indication common information can be in the form of a 1 bit flag indicating the occurrence of a preemption event or a field (an integer) providing the number of mini-slots preempting the eMBB transmission.

Proposal 5: The resource assignment part in the DCI of URLLC mini-slot causing preemption should be decodable by at least all active eMBB users in this slot.
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