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Introduction
In RAN 80, a SID on physical layer enhancement for NR URLLC was approved. New scenario and tighter requirement were defined. Correspondingly, some potential enhancements were captured in SID, as shown in the following [1]:
URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)
Enhanced multiplexing considering different latency and reliability requirements (RAN1): 
UL inter UE Tx prioritization/multiplexing 

Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)

The following items have been identified to have relationship URLLC but are covered in other study items:
· Multi-TRP transmission
· Mobility improvements for higher reliability
· Beam Management
In this contribution, we shall focus on enhanced UL configured grant (grant free) transmissions, including explicit HARQ-ACK, mini-slot repetition within one slot and UCI piggyback.
Explicit HARQ-ACK
In Rel15, HARQ feedback is determined by retransmission schedule and timer implicitly. If retransmission schedule occurs within specific timer window, retransmission will occur. Otherwise, UE assumes uplink data has been detected correctly. However, if gNB miss detect uplink data and does not transmit any signaling to UE. Then UE will misunderstand that gNB have detect uplink data correctly and not retransmit data till ARQ retransmission triggers, which will lead unacceptable latency. To avoid misunderstanding, explicit HARQ-ACK is necessary.
Proposal 1: Explicit HARQ-ACK can improve transmission reliability due to it can recognize miss-detection of PUSCH. 
In Rel 15, no physical channel for HARQ-ACK feedback is designed. However, group-common DCI and Sequence based channel can be referred. Comparing with group-common DCI, Sequence based channel has smaller payload and is easier to detect.
Proposal 2: Physical channel design for explicit HARQ-ACK should be considered. Group-common DCI and Sequence based channel can be studied to support explicit HARQ-ACK feedback.
Mini-slot repetition within one slot
K repetition is an important method to meet target BLER. However, there is still a little difference between URLLC and eMBB. For URLLC, K repetition is also one method to reduce latency, therefore resource allocation for K repetition should be as continuous as possible, such as mini-slot repetition within one slot.



In addition, current hopping pattern only depends on two parameters, and, available hopping pattern is very limited and randomness of collision among UE is very limited, even leads 100% collision, which is fatal for URLLC. Non-orthogonal resource allocation, especially for data, is usual for URLLC to support more grant free UE in limited resource. If non-orthogonal resource for DMRS is applied, UE cannot be identified and data cannot be demodulated. So we suggest more flexible hopping pattern should be configured. 
Generally, hopping resource per cell is not fixed and usually configured by eNB trade-off between collision control and system efficiency. For one UE, the more hopping resources, the fewer collision. So to reduce collision, hopping resource per UE should also be configured and one optimized option is the same as hopping resource per cell. As shown in Figure 1, due to hopping resource per cell can be configured flexibly, collision ratio decreases significantly, from 50% to 25% (the lowest collision ratio if collision occurs).



Figure 1 Fixed and Configurable hopping resources
Proposal 3:Mini-slot repetition can reduce latency.
Proposal 4: Mini-slot hopping enhancement can reduce collision.
UCI piggyback
UCI on PUSCH for configured grant is supported, but dropping/multiplexing rules for UCI to be further discussed to ensure URLLC reliability.
Grant free resource can be used for periodical traffic, such as VoIP, and urgent traffic, such as URLLC. For URLLC, reliability requirement needs to be met firstly although UCI piggyback can improve DL transmission. Except restriction of UCI types, restriction on resource element number for piggyback UCI or restriction on UCI bit is necessary to ensure reliability for URLLC. However, considering that periodic but non-urgent traffic, such as VoIP also can be transmitted in grant free resource, resource element for piggyback UCI can be larger than that of URLLC. So resource element for piggyback UCI or piggyback UCI bits should be configurable.
There are two schemes to configure resource element for piggyback UCI. 
· New parameter indicates whether restrict UCI transmission or UCI piggyback scheme. 
· Reuse “BetaOffset” parameter. One solution is to include “0” in BetaOffset table and “0” indicates no UCI transmission.
Proposal 5: Restriction on piggybacked UCI type and bit number in grant free is necessary for URLLC.
Conclusions
In this contribution, we show our views on grant free enhancement with following proposals:
Proposal 1: Explicit HARQ-ACK can improve transmission reliability due to it can recognize miss-detection of PUSCH. 
Proposal 2: Physical channel design for explicit HARQ-ACK should be considered. Group-common DCI and Sequence based channel can be studied to support explicit HARQ-ACK feedback.
Proposal 3:Mini-slot repetition can reduce latency.
Proposal 4: Mini-slot hopping enhancement can reduce collision.
Proposal 5: Restriction on piggybacked UCI type and bit number in grant free is necessary for URLLC.
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