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1. Introduction
In this contribution, scheduling and HARQ-ACK feedback mechanisms for URLLC low latency are discussed. 
2. Scheduling mechanisms for URLLC low latency
One of the use-cases of NR is URLLC, in which U-plane latency of 0.5ms ~ 1ms is required. For this, TTI shortening is promising. NR supports two realizations of TTI shortening:
· Realization 1: Using higher SCS compared to eMBB.
· For example, SCS of 60kHz with a slot length of 7 symbols can realize TTI length of around 0.125ms.
· Realization 2: Using mini-slot.
· 2 symbol mini-slot with SCS of 15kHz can realize TTI length of around 0.14ms.
In either realization, at least U-plane latency of 1ms can be met. Figure 1 illustrates example timelines of the UE procedure for uplink. Even assuming 1 re-transmission, total timelines can still be within 1ms delay bound. Note that for the examples, frame alignment (0.5TTI), UL transmission (1TTI), gNB processing time (1TTI), UL grant transmission and UE processing time for re-transmission (1TTI), UL re-transmission (1TTI), and gNB processing time (1TTI), are taken into account as exampled values. 
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(a) Realization 1
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(b) Realization 2 (6 sTTIs within 1ms TTI as in LTE shortened-TTI)
Fig. 1	Example of U-plane latency for uplink.

2.1. Scheduling and HARQ mechanisms with higher SCS
Higher SCS just scales time/frequency resource size/granularity of a scheduling unit. In the time-domain, the number of OFDM symbols per slot is kept unchanged, i.e., 7 or 14. Therefore, time-domain resource/timing control can simply be scaled from eMBB case. On the other hand, frequency-domain resource control may not be scaled simply. For example, NR may support minimum carrier bandwidth of 5 MHz or 10 MHz at least for sub 6 GHz carrier frequency. Or, even if a NR carrier has wider bandwidth, it would be desirable to operate URLLC low latency over a limited subband bandwidth such as 5 MHz or 10 MHz. With the SCS of 15 kHz, these bandwidths correspond to 25 PRBs and 50 PRBs, respectively. However, with the SCS of 60 kHz, these correspond to 6 PRBs and 12 PRBs. Although the minimum carrier bandwidth of a NR carrier supporting initial access is not smaller than 5 MHz, scheduling and HARQ mechanisms should be designed such that the minimum number of PRBs of one carrier could be 6 PRBs or 12 PRBs, at least for URLLC scenario.
Proposal 1:
· Scheduling and HARQ mechanisms should be designed such that the minimum number of PRBs of one carrier/sub-band could be, e.g., 6 PRBs or 12 PRBs, at least for URLLC scenario.

2.2. Scheduling and HARQ mechanisms for mini-slot
For low latency operation with relatively lower SCS (e.g., 15kHz), PDCCH should be monitored per mini-slot. PDCCH monitoring occasion(s) should be determined taking into account the channel/RS structure of a slot, e.g., control region and RS for slot-based transmission/operation. Besides, efficient multiplexing between slot-level data and mini-slot-level data having different transmission durations on one carrier is desirable. Therefore, the length, position, and alignment for mini-slot, should be designed taking into account the channelization of slot-level operation. For LTE short-TTI, mini-slot length, position, and alignment of {2,3,2,2,2,3} for CFI = 2 and {3,2,2,2,2,3} for CFI=1 and 3 were agreed. These patterns are determined such that inter-slot frequency-hopping for 1ms TTI, 7-symbol sTTI, and 2-symbol sTTI, can co-exist in the same subframe, and regardless of PDCCH region, the first sTTI in the subframe can have more than 1 data symbols.
The question on mini-slot designs for NR URLLC is whether to define solid mini-slot patterns as for LTE short-TTI (see Fig. 1), or to allow floating/flexible mini-slot patterns. In the former case, RAN1 need to determine mini-slot patterns taking into account slot designs such as channel/RS structure of a slot. The mini-slot patterns determine PDCCH monitoring occasions, channelization of a mini-slot, and granularity of scheduling/HARQ-ACK feedback timing. In the latter case, mini-slot structure and its channelization can be specified without taking into account slot structure. However, wide variations of mini-slot structure would need to be designed, so that it can fit with any kind of slot structures.
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Fig. 1.	An example of mini-slot structure for a given slot.

For URLLC, there is no requirement on very high flexibility. Considering the expected work load on mini-slot, we propose following.
Proposal 2:
· Determine one or more of mini-slot patterns having the following characteristics:
· Following are mini-slot granularity.
· PDCCH monitoring timing 
· Data scheduling timing and its duration
· UCI feedback timing
· One mini-slot does not span over the slot boundary.
· Efficient multiplexing between slot and mini-slot within a given carrier is ensured.

So far, RAN1 agreed DCI indication for data scheduling timing and HARQ-ACK feedback timing. Clarification is necessary how mini-slot configuration impacts to the timing indications. For example, at least following options can be considered:
· Option 1: DCI field indicates slot-level data scheduling/HARQ feedback timing
· 1-1: DCI indicates relative slot difference b/w DL DCI and data scheduling/HARQ feedback
· 1-2: DCI indicates slot index in the radio frame/subframe of data scheduling/HARQ feedback
· On which mini-slot the data scheduling/HARQ feedback is required is determined in implicit manner or is indicated by another field
· Option 2: DCI field indicates mini-slot-level data scheduling/HARQ feedback timing
· 2-1: DCI indicates relative mini-slot difference b/w DL DCI and data scheduling/HARQ feedback
· 2-2: DCI indicates mini-slot index in the radio frame/subframe/slot of data scheduling/HARQ feedback
· On which slot the data scheduling/HARQ feedback is required is determined in implicit manner or is indicated by another field
· Option 3: DCI field indicates symbol-level data scheduling/HARQ feedback timing
· 3-1: DCI indicates relative timing difference b/w DL DCI and the PUCCH symbol
· 3-2: DCI indicates symbol index of the radio frame/subframe/slot/mini-slot of data scheduling/HARQ feedback
· On which slot/mini-slot the data scheduling/HARQ feedback is required is determined in implicit manner or is indicated by another field
Proposal 3:
· Clarify how to realize data scheduling/HARQ feedback timing indications for mini-slot operation e,g,;
· Option 1: Timing indication is slot-level.
· Option 2: Timing indication is mini-slot-level.
· Option 3: Timing indication is symbol-level.

As proposed in [1], HARQ operation using slot and mini-slot is desirable for various cases, e.g., CBG-based HARQ operation, latency reduction of TCP-ACK slow start phase, etc. Therefore, we propose following.
Proposal 4:
· Smooth and dynamic utilization of slot and mini-slot is supported.
· Set of HARQ processes is common between slot-level data and mini-slot-level data.

3. Conclusion
In this contribution, we discuss scheduling and HARQ-ACK feedback mechanisms for URLLC low latency and reached following proposals.
Proposal 1:
· Scheduling and HARQ mechanisms should be designed such that the minimum number of PRBs of one carrier/sub-band could be, e.g., 6 PRBs or 12 PRBs, at least for URLLC scenario.
Proposal 2:
· Determine one or more of mini-slot patterns having the following characteristics:
· Following are mini-slot granularity.
· PDCCH monitoring timing 
· Data scheduling timing and its duration
· UCI feedback timing
· One mini-slot does not span over the slot boundary.
· Efficient multiplexing between slot and mini-slot within a given carrier is ensured.
Proposal 3:
· Clarify how to realize data scheduling/HARQ feedback timing indications for mini-slot operation e,g,;
· Option 1: Timing indication is slot-level.
· Option 2: Timing indication is mini-slot-level.
· Option 3: Timing indication is symbol-level.
Proposal 4:
· Smooth and dynamic utilization of slot and mini-slot is supported.
· Set of HARQ processes is common between slot-level data and mini-slot-level data.
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