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Introduction
In RAN1#86 it was agreed that the NR subframe duration is fixed to 1 ms. The 15 kHz numerology is used as reference. An NR slot is comprised of either 7 or 14 symbols (with possibility of further down-selection) for SCS up to 60 kHz NCP and 14 symbols for SCS > 60 kHz. Symbol alignment across different SCS with the same CP overhead is assumed within a subframe duration in a NR carrier. Furthermore, slot aggregation is supported in NR, i.e. data transmission can be scheduled to span one or multiple slots. Following the email discussion [86-19], a WA was taken in RAN1#86 that the NR frame structure should support both slots and mini-slots. Timeline granularity for monitoring control of the mini-slot and related terminology were left FFS.
In was also agreed in RAN1#86bis that multiplexing of DL transmissions with different latency and/or reliability requirements (i.e. eMBB/URLLC) is supported from at least the network perspective by means of using the same sub-carrier spacing with the same CP overhead and by means of using different sub-carrier spacings. For DL transmissions, it was agreed that NR should support dynamic resource sharing for eMBB/URLLC.
In the first part of this contribution, we discuss the use of mini-slots in addition to the NR slots when considering the need for URLLC scheduling opportunities in the context of DL transmissions. In the second part of this contribution, we provide our views on HARQ operation related to DL scheduling of data transmissions with different latency and/or reliability requirements.

Background
The two NR use case families, eMBB and URLLC have very different requirements in terms of user plane latency and required coverage levels.
URLLC operation will in many cases require very low Uu transfer delay latency (<0.5 ms). In order to meet high reliability targets in terms of extremely low residual packet error rates following L1 and L23 processing, the supported link budget may often need to be sacrificed. URLLC will typically result in short bursts of data transmission with the order of 100-200 us in L1. These can be transmitted in few OFDM symbols. There is therefore only limited opportunity for the number of HARQ re-transmissions per HARQ process. In addition, very tight requirements are imposed onto allowable scheduling delay due to the very much compressed Uu transfer delay timeline.
For the case of eMBB, latency requirements not as stringent as observed for URLLC. Very low latency for packet transfers is mainly beneficial at the initial stage of data transmission in order to avoid that TCP slow start negatively affects the overall user packet delay for during packet transfers. Given the significant amounts of data transferred for an eMBB user, long sequential bursts of high volume data are then often transferred. This results in many cases in a wide instantaneous bandwidth occupation for a scheduled eMBB transmission and in the use of long DL or UL transfer intervals in the order of 0.5-1 ms for an eMBB UE. Slot aggregation, i.e. scheduling of multiple consecutive slots can often be used for eMBB data transmissions.
Due to very tight Uu delay budgets, the required scheduling delay for URLLC must be much smaller than what eMBB type of scheduling can afford. If URLLC data arrives while an eMBB transmission just started, the latency requirement of URLLC is significantly more difficult to meet.
NR design must accommodate the possibility of an FDM/TDM multiplexing approach whereby URLLC type of transmissions are scheduled, L23 and L1 processed, then can be inserted into the already processed BB samples of eMBB users who were scheduled earlier for the DL transmission interval [3].

URLLC scheduling using mini-slots
In order to support small payload and bursty data transmissions for URLLC with minimum incurred scheduling delay prior to the begin of their actual transmissions, multiple scheduling opportunities, i.e. mini-slots, per DL transmission interval, i.e. one slot, must be available. For the example of NR subframes of duration 0.5 ms with the 15 kHz reference numerology, typically 2 or 3 such mini-slot scheduling opportunities per slot are needed.
It is not necessary that mini-slots align exactly with one entire slot duration, i.e. the use of 3 mini-slots of 2 symbols each will leave the last OFDM symbol of a slot inaccessible to mini-slot based scheduling for URLLC, which is acceptable in terms of meeting the URLLC latency requirements.
Proposal 1:
URLLC DL transmissions can be scheduled using DL mini-slot granularity.
Proposal 2:
For the NR 15 kHz reference numerology and 7 symbol slots, there are 3 mini-slots of length 2 OFDM symbols.
[bookmark: _GoBack]For most applications, URLLC transmissions do not benefit from the resource allocation flexibility in terms of frequency-domain or subband scheduling provided by LTE. In fact, even URLLC packets of payload several hundred octets will not occupy a significant portion of transmissions bandwidth. Furthermore, frequent channel state feedback will not necessarily be available as is the case for eMBB UEs. In addition, the sporadic nature of transmissions from/to URLLC devices will have as consequence that only very few URLLC devices will need to be scheduled in any given NR subframe [3].
Given these typically small data allocations for URLLC DL transmissions, signaling of transmission parameters in the DL assignment DCIs during URLLC scheduling must be considered.
In order to decode the PDSCH scheduled for a URLLC mini-slot allocation, frequency allocation, MCS, HARQ info, DMRS etc. must be signaled to the UE. Due to the very limited number of REs available in a mini-slot and due to overhead considerations, it may not be practical to indicate all these parameters explicitly in the DCI like done in LTE by means of fully self-contained dynamic grants, i.e. a DCI containing all L1 transmission parameters per scheduling interval (or TTI). In consequence, there are several design approaches: semi-static configuration, 2-stage scheduling, or blind decoding.
Semi-static configuration
L1 transmission parameters can be configured semi-statically similar to RRC-configured SPS in LTE while only an activation DCI is used. Unlike in LTE where RNTIs are used to distinguish between activation and dynamic grants, the activation DCI may simply be chosen to have the smallest, i.e. 20 bit payload. It may also be considered to support DL scheduling for URLLC devices by means of pre-configuring in RRC a set of frequency-domain resources (in terms of RB allocation regions) and time-domain resources (in terms of schedulable mini-slots for a given URLLC device). These pre-configured or “allowed” time/frequency resources will then be dynamically DL scheduled by the eNB. Once a URLLC device is RRC configured with the set of schedulable mini-slots and corresponding frequency allocation regions in a mini-slot, small-payload and fast DL assignments per mini-slot can be used using on signaled index values [3].
2-stage scheduling
Alternatively, some L1 transmission parameters such as schedulable frequency allocation(s) or MCS setting(s) for the upcoming URLLC mini-slots could be indicated through DCI at the beginning of a slot. These would typically correspond to transmission parameters that the eNB can determine prior to URLLC data arrival and which are subject mainly to semi-static link adaptation and scheduling constraints. Control information for the actual DL data transmission of a URLLC device in a schedulable mini-slot, i.e. HARQ, NDI, RV, TB size is then indicated for the actual mini-slot itself. The short DCI occurring at the beginning of the min-slot will therefore serve the dual purpose of triggering the actual, 2nd stage DL scheduling assignment, but also carry a small payload of L1 front-end processing related control information.
Blind detection
It is also possible to consider UE blind detection of the start of a DL data transmission in a mini-slot in order to decrease DL control signaling overhead. However, UE blind decoding is inevitably burdened with the constraint to keep UE detection complexity low. Therefore, only a very limited set of 2 or 4 possible URLLC TB sizes may be blindly detected by the UE in a schedulable mini-slot. Alternatively, 2 different transmission formats like “data only” vs. “data and control” can be blindly detected. In fact, such an approach would be similar to LTE MBMS where a limited set of “signaling” MCS allow the UE to blindly detect MCCH. 
Proposal 3:
Signaling of L1 transmission parameters for a scheduled mini-slot should be considered based on the following alternatives:
· Control information received at beginning of a slot is combined with fast control information received in the mini-slot, i.e. 2 stage scheduling using a slow DCI once per slot and fast DCI once per mini-slot
· Preconfiguration of a set of schedulable mini-slots and corresponding schedulable frequency allocations by RRC followed by a dynamic small payload scheduling grant per mini-slot.

HARQ aspects for latency critical transmissions
In addition to the use of high diversity order transmissions, i.e. spatial diversity for URLLC, HARQ support is desirable to lower the residual packet error rate requirements with URLLC. HARQ RTT is determined by both scheduling delays and re-transmission delays. Re-transmission delays are not only determined by the number of available concurrent HARQ processes, but also by the A/N delays and A/N timelines.
When considering URLLC DL scheduling using mini-slots to enable lower scheduling delays, it is also required to re-consider HARQ principles to meet the Uu transmission delay budgets for URLLC data transmissions.
Per-TB HARQ A/N for every mini-slot cannot be used, because UCI transmission by the UE on the UL control channel will require several OFDM symbols, i.e. long TTI to meet the link budget. In addition, the UCI portion of an NR self-contained variable-size subframe may become available only when all DL transmissions, including those of the eMBB users have terminated. Considerable more freedom exists in FDD systems to choose the beginning of UCI transmissions for individual UEs than in TDD. However, it is still desirable that UCI transmissions from all users are aligned, due to resource allocation considerations.
In consequence, HARQ transmission principles including A/N transmission must account for DL mini-slot based dynamic scheduling.
One possibility is to consider implicit NACKs, i.e. to send ACK only when a (re-)transmission is received and decoded successfully. Unsuccessful scheduled transmissions in a mini-slot can be kept in the UE buffer for a limited time. A subsequent scheduled mini-slot containing control information may indicate re-transmission and possibility for soft-combining.
Proposal 4:
Study solutions to avoid excessive transmission of HARQ A/N in conjunction with DL mini-slot based scheduling.

Conclusion
In this contribution, we discussed the use of mini-slots in addition to the NR slots when considering the need for URLLC scheduling opportunities in the context of DL transmissions. In addition, we provide our views on HARQ operation related to DL scheduling of data transmissions with different latency and/or reliability requirements.
In summary, we propose:
Proposal 1:
URLLC DL transmissions can be scheduled using DL mini-slot granularity.
Proposal 2:
For the NR 15 kHz reference numerology and 7 symbol slots, there are 3 mini-slots of length 2 OFDM symbols.
Proposal 3:
Signaling of L1 transmission parameters for a scheduled mini-slot should be considered based on the following alternatives:
· Control information received at beginning of a slot is combined with fast control information received in the mini-slot, i.e. 2 stage scheduling using a slow DCI once per slot and fast DCI once per mini-slot
· Preconfiguration of a set of schedulable mini-slots and corresponding schedulable frequency allocations by RRC followed by a dynamic small payload scheduling grant per mini-slot.
Proposal 4:
Study solutions to avoid excessive transmission of HARQ A/N in conjunction with DL mini-slot based scheduling.
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