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1 Introduction
At the last RAN1 Ad-Hoc meeting, limited progress was achieved on the design and multiplexing of URLLC traffic with eMBB. In our companion contribution in [1], we discuss general aspects pertaining to the multiplexing of mini-slots, on which we assume URLLC transmissions will be based, with slot based transmissions. Many of these considerations apply to the uplink equally, however, we refrain from repeating our views here and refer the reader to the contribution in [1]. 
In this contribution, we focus on HARQ operation for URLLC, i.e., how to transmit the HARQ ACK/NACK of a URLLC downlink transmission in the uplink. These need to be multiplexed with the normal eMBB operation both in FDD and TDD systems, including dynamic TDD systems. 
The following summarizes the progress from last meeting as basis for this contribution.
	Agreements:
· 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
Agreements:
· DL dynamic resources sharing between eMBB and URLLC is supported without pre-emption by scheduling the eMBB and URLLC services on non-overlapping time/frequency resources.

· No specific specification work is expected  

· The above should be captured into TR 38.802

Agreements:
· For an UL transmission scheme without grant
· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters

· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS

· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point

Agreements:
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 
· FFS the way K is determined

· FFS: hopping mechanisms over the transmissions
Agreements:
· Blocking probability of DL control channel should be taken into account in NR-PDCCH design

Agreements:
· To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported

· Defining a compact DCI format  targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS  Y, Y<1% 
· FFS highest  aggregation levels, e.g., 16,32
· FFS other enhancements 
Agreements:
· Time interval between SR resources configured for a UE can be smaller than a slot




	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.

· Support of finer TDM granularity of scheduling for the same/different UEs within a slot

· Especially if TRxP uses beam-sweeping (e.g., above 6GHz).

· NR-LTE co-existence

· Note that this use case also exists for slot-based scheduling
· Forward compatibility towards unlicensed spectrum operation

· FFS until phase II

· Take the following into account for designing slot-level channels/signals/procedures:

· Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different UEs

· At least one of DMRS format/structure/configuration for slot-level data channel is re-used for mini-slot-level data channel

· At least one of DL control channel format/structure/configuration for slot-level data scheduling is designed to be applicable to mini-slot-level data scheduling

· At least one of UL control channel format/structure/configuration for slot-level UCI feedback is designed to be applicable to mini-slot-level UCI feedback

· Take the following into account as starting point for designing mini-slot-level channels/signals/procedures:

· Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different UEs

· DMRS for mini-slot-level data channel is just a re-use of that for slot-level data channel

· DL control channel for mini-slot-level data scheduling is just a re-use of that for slot-level data scheduling

· UL control channel for mini-slot-level UCI feedback is just a re-use of that for slot-level UCI feedback

· Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines for a slot

· Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines shorter than those for a slot

· FFS: exact timelines

· FFS: One mini-slot does not contain symbols for different link directions (i.e., DL-only or UL-only)




2 HARQ Design for Mini-Slot Based Transmission
As exemplified and discussed in [1], mini-slots present a universally flexible and dynamic means to multiplex all kinds of services into normal eMBB network operation including relaying, backhauling, sidelink and even unknown future services. Mini-slots equally allow straight-forward multiplexing of NR with other RATs such as WiFi and LTE and lastly, they enable dynamic TTI adaptation, e.g., to transmit low latency eMBB packets, small packets in large bandwidth or to overcome hardware limitations in beamformed mmWave systems [1]. For the specification timeline of NR, though, it may very well be that mini-slots initially will only be used for multiplexing ultra-reliable low-latency communications with eMBB traffic. 
It has already been agreed that mini-slots can span any integer number of symbols larger than one where the length of a single mini-slot is bounded by the slot length for a given subcarrier spacing, viz., 7 or 14. It was also agreed that UEs can monitor for PDCCH scheduling occasions at least on every other symbol. Mini-slots of length one OFDM symbol and the possibility to schedule them on any OFDM symbol are currently under discussion and we provide our views in [1]. 

Moreover, [1] also discusses that mini-slots can either be self-scheduled or cross-scheduled. Since we are considering the use case of URLLC here, we restrict our considerations to the self-scheduled case, i.e., a mini-slot contains both the PDSCH and the corresponding PDCCH in the downlink. 
As mentioned above, a mini-slot based transmission can be variable in length. For example, based on packet size and coverage conditions, a different number of OFDM symbols may be required to transmit URLLC traffic reliably—reliably meaning that a certain latency and reliability is guaranteed with a stringent probability. For example, the same data may require two OFDM symbols for transmission to one UE whereas to another UE four or even more symbols are needed. Signaling details are discussed in [1] and for the purpose of this contribution it is not relevant how the flexible TTI duration for mini-slot based transmissions is achieved. We assume the transmission duration of a TTI is indicated in the corresponding DCI. 
In LTE Rel. 13, a narrowband version of LTE was specified for the Internet-of-Things (NB-IoT). To facilitate low-cost NB-IoT devices, NB-IoT specifies a single HARQ process per UE. To further reduce cost, a NB-IoT UE is not expected to monitor for PDCCHs while it is decoding a PDSCH. Similarly, it is not expected to monitor for PDCCH transmissions until it has transmitted the HARQ ACK/NACK for a given downlink transmission. We believe that at least in the initial release of NR, HARQ operation and URLLC scheduling could follow a similar mode of operation. At the same time, this may also depend on the processing capability of a URLLC UE including how many HARQ processes will be defined for URLLC and how fast a UE can process a DL assignment, the corresponding DL data and transmit the corresponding HARQ ACK/NACK. 
At a minimum, from a UE point of view, in phase 1 we propose to only support a single mini-slot per slot the reason being that the HARQ feedback mechanism and UCI used for slot based transmissions could be reused for mini-slots thereby minimizing the specification effort. Given the variable length of mini-slots which may be significantly smaller than regular slots, it is of course possible that multiple mini-slots could be scheduled within the time duration of a regular slot and from the network point of view, there is no restriction on the number of mini-slots per slot. 

Proposal 1: In phase 1, a single mini-slot per slot can be allocated to a UE. There is no restriction on the number of mini-slots scheduled per slot from the network perspective.
Moreover, by ensuring that in any given slot the UE can be scheduled for only a slot based transmission or up to one mini-slot based transmission we ensure that the UE can re-use its HARQ processes seamlessly across slot based and mini-slot based transmissions and does not require more HARQ processes for supporting mini-slot based transmissions. 
Proposal 2: For mini-slot and slot based transmissions to a given UE the following should be observed:

· If a UE is scheduled for a slot based transmission it cannot be scheduled for a mini-slot based transmission

· If a UE is not scheduled for a slot based transmission it can be scheduled for up to one mini-slot based transmission
For the HARQ ACK/NACK feedback mechanism, we propose to use the same design as is used for the slot based transmissions. In NR, the HARQ feedback duration can be UE specific and semi-statically configure depending on various factors such as UE capability, slot length etc. If we ensure that for a given UE only one slot based or mini-slot based transmission can happen in a given slot then we can use the existing HARQ interlace as proposed for slot based transmissions as shown in Figure 1. In this figure, we show that both slot based and mini-slot based transmissions use the same HARQ interlace, e.g., two slots. The number of slots in an interlace is semi-statically configured based on a variety of parameters such as UE capability. 
Proposal 3: Both mini-slot based and slot based transmissions should use the same HARQ mechanism including things such as number of processes, feedback periodicity and interlace design.  
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Figure 1: Slot based and mini-slot based HARQ interlace
3 Conclusion

This contribution discussed HARQ operation for URLLC and how HARQ feedback for URLLC can be multiplexed with eMBB traffic. The following is proposed:
Proposal 1: In phase 1, a single mini-slot per slot can be allocated to a UE. There is no restriction on the number of mini-slots scheduled per slot from the network perspective.
Proposal 2: For mini-slot and slot based transmissions to a given UE the following should be observed:

· If a UE is scheduled for a slot based transmission it cannot be scheduled for a mini-slot based transmission

· If a UE is not scheduled for a slot based transmission it can be scheduled for up to one mini-slot based transmission
Proposal 3: Both mini-slot based and slot based transmissions should use the same HARQ mechanism including things such as number of processes feedback periodicity, and interlace design.  

4 References
[1] R1-1702275, Multiplexing eMBB and URLLC in NR Downlink, AT&T
[image: image2.png]ACK/NACK

Slot Based

“ ACK/NACK

ACK/NACK

Mini Slot Based




