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Discussion and decision
1 Introduction

For NR, three usage scenarios have been mainly considered; eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications). Regarding URLLC, the followings are main design targets.
· Reliability: A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for X bytes (e.g., 20 bytes) with a user plane latency of 1ms.

· Latency: For URLLC the target for user plane latency should be 0.5ms for UL and 0.5ms for DL.

There have been many efforts to sufficiently satisfy the above target requirements of latency and reliability so far in RAN1 meetings. Following agreements show that UL data repetition with/without grant is supported in NR to meet reliability and latency requirement of URLLC. 
	RAN1-NR#1 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
RAN1#88 Agreements:
· When a UE transmits PUSCH/PUCCH or receives PDSCH based on DCI detected in group common search space, UE applies one of FFSs: default value or value provided by SIB and/or value signalled in DCI. 
· This applies at least for following.
· PDCCH to PDSCH time difference
· PDCCH to PUSCH time difference
· PDSCH to PUCCH time difference
· FFS: timing relations during random access procedure.
· In case of DCI, FFS whether some entries is modified by UE specific RRC message.
· Note that this agreement does not preclude to include values provided by SIB also in UE specific RRC configuration
RAN1#89 Agreements:
· For DFT-s-OFDM based NR-PUSCH transmission, contiguous RB allocation with/without frequency hopping are supported

· At least intra-slot frequency hopping is supported for 14 symbol slot case
· FFS on detailed resource allocation

· FFS on detailed frequency hopping for PUSCH





From mini-slot related agreements from RAN1 NR#1, low latency aspects for URLLC could be supported by mini-slots, and in this contribution it will be discussed how to design scheduling/HARQ procedures to improve reliability for URLLC. This is a resubmission of R1-1717671.
2 Discussions 

LTE HARQ procedure had been considered as an optimal way to reduce error rate (or improve reliability) as well as make efficient resource utilization. NR supports HARQ procedures with the same purpose of LTE by adding some flexibility feature such as HARQ timing configuration (e.g., timing difference between PDCCH and PDSCH or timing difference between PDSCH and PUCCH or timing difference between PUSCH and PDCCH). By using the feature, it is possible for gNB to maximize resource utilization. 
HARQ procedures according to different numerologies 


Moreover, NR also agreed to support various numerologies like as subcarrier spacing. Depending on subcarrier spacing and the number of symbols per TTI, the supportable number of TTIs can be given for satisfying URLLC reliability with a user plane latency of 1ms. The table 1 shows the number of possible TTIs. If one TTI consists of 2 symbols in case of 15 kHz subcarrier spacing, maximum allowable number of TTI is 7 to satisfy 1ms of user plane latency [1]. That is, HARQ procedures should be designed to meet reliability requirement of 10-5 for X bytes (e.g., 20 bytes) using 7 TTIs. In DL case, HARQ procedures include initial transmission, HARQ-ACK feedback and retransmission. 

Meanwhile, scheduling request can be considered additional in UL case. As an extreme case, there may be no time to use for HARQ-ACK feedback and retransmission in which the number of symbols per TTI is 7(or 14) and subcarrier spacing is 15 kHz. This is because available TTIs are very small to facilitate HARQ procedure. Generally speaking, allowable HARQ retransmissions would be different, for example, only one/two HARQ retransmission(s) is/are possible at some range and especially, no HARQ retransmission can happened. In other words, there may be defined the maximum HARQ retransmission number according to a certain subcarrier spacing and TTI length. Accordingly, HARQ procedures should be designed carefully by considering the number of symbols per TTI and subcarrier spacings. 
Table 1. Possible number of TTIs according to subcarrier spacing and the number of symbols in a TTI

	# of OFDM symbols

in a TTI

Subcarrier spacing
	1
	2
	7
	14

	15(kHz)
	14(TTI)
	7
	2
	1

	30
	28
	14
	4
	2

	60
	56
	28
	8
	4

	120
	112
	56
	16
	8

	240
	224
	112
	32
	16


Proposal 1: HARQ procedures should be designed carefully by considering the number of symbols per TTI and subcarrier spacing.
DL repetition 


It was agreed that UL repetition with/without UL grant for supporting URLLC requirements. In similar with UL case, DL repetitions would be possible to consider for supporting reliability of URLLC if available symbols per TTI is small. Even though UL repetition is still useful to provide UL coverage extension additionally that is not exactly applied in DL case, DL repetition will be possible solution to make high reliability if there might be no strong drawback when introducing DL repetition. It is noticed that DL repetition may improve reliability, but increase latency to complete DL data transmission. So, there might not be all scenarios and environments for applying DL repetition such that latency requirements including HARQ-ACK feedback and retransmission would be satisfied. 
Frequency hopping


In last RAN1 meeting, it was agreed that at least intra-slot frequency hopping is supported for 14 symbol slot case for DFT-s-OFDM based NR-PUSCH transmission. As one of key methods to improve reliability, frequency hopping could be possible to consider getting frequency diversity gain. But, it is still FFS on detailed frequency hopping for PUSCH such as the maximum allowable number of hopping, hopping pattern, relationship with bandwidth part operation, evaluation assumption and relationship with DMRS pattern. In similar with PUCCH, it should consider to have unified design regardless of PUSCH duration with/without frequency hopping. 
HARQ-ACK feedback timing


For reliability, it is beneficial if a DCI for URLLC can be small as much as possible. As mentioned in our companion contribution [2], the necessity of configurability of HARQ-ACK feedback timing is not clear. Given that URLLC requires low latency, a minimum HARQ-ACK feedback timing is likely used for URLLC. In other words, gNB will indicate HARQ-ACK feedback timing to URLLC UE with the minimum value that the UE is able to operate. 

In that case, fixed HARQ-ACK feedback timing (or limited configurability of HARQ-ACK feedback timing) can be beneficial than configurable HARQ-ACK feedback, which can minimize DCI overhead. Note that depending on the design of DCI for URLLC, overhead to indicate HARQ-ACK feedback timing in DCI can be negligible. In this case, dynamic HARQ-ACK feedback timing can be considered.

UL data transmission without grant

In last RAN1 meeting, it was agreed to have two kinds of grant-free transmission mode. One is UL data transmission without grant is only based on RRC (re)configuration without any L1 signalling. The other is UL data transmission without grant is based on both RRC configuration and L1 signalling to activation/deactivation for UL data transmission without grant. It was remained as FFS that UL data transmission without grant is based on RRC configuration, and allows L1 signalling to modify some parameters configured by RRC but no L1 signalling for activation. It has been known that RRC has more reliable signalling than L1 signaling. 

For UL data transmission without grant, it should carefully design L1 signalling for activation and deactivation to have high reliability for URLLC service even though main purpose of UL data transmission without grant is low latency. This can be done by using compact DCI and high CCE aggregation level. One more thing to consider is the probability of collision between separate UL data transmissions without grant. It can be easily resolved if gNB configures independent/non-overlapping (time/frequency/space/code) resources to different UEs previously. However, the method would incur inflexibility of resource usage. Accordingly, it should be introduced that quasi-collision-free transmission methods are designed with (partially) overlapping resources. 
3 Conclusions
In this contribution, scheduling/HARQ procedures for URLLC were discussed. It can be summarized as below.
Proposal 1: HARQ procedures should be designed carefully by considering the number of symbols per TTI and subcarrier spacing.
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