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Introduction
[bookmark: _Ref228947482]In RAN1#86, the following agreements related to URLLC have been achieved.
Agreements:
· At least the following potential options should be considered
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB
· FDM and/or TDM manner
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Dynamic resource sharing between URLLC and eMBB
· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective
· FFS: A similar or same mechanism applicability to UL
· Preemption or superposition
· Other schemes are not precluded 
· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
· UL grant-free transmission for URLLC
· Other mechanisms are not precluded.

In RAN1#86bis, there are the following agreements on URLLC.
Agreements:
· Study how to meet RAN requirements on latency and reliability using at least one HARQ retransmission for DL data and UL data
· Further study TTI duration and achievable latency based on at least one retransmission
· Further study details of HARQ operation in DL and UL taking into account reliability of overall HARQ signaling procedure (control, data and feedback channels)
· This does not preclude studying single transmission to meet the RAN requirements on latency and reliability

Based on these, both grant-free transmission and HARQ retransmission are worth to be further studied for URLLC. In this contribution, we provide some discussions on grant-free transmission for UL URLLC, and also share our views on some HARQ design aspects for grant-free URLLC.
Discussion 
2.1 Grant-free for UL URLLC
For URLLC, the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL, and the reliability requirement for one transmission of a packet is 10-5 for 32 bytes with a user plane latency of 1ms [1]. To achieve such low latency and reliability requirements, processing other than data transmission and reception should be minimized. In this sense, grant-free transmission could be considered as a candidate. For grant-free transmission in URLLC, the UE does not need to transmit SR/BSR, and the BS does not need to feedback an UL grant [2]. Therefore, grant-free can remove the latency related to the steps of SR/BSR and UL grant, and keep only the latency of transmission and reception. As for the reliability requirement, it has been shown that HARQ is beneficial for URLLC [3], and it was agreed in RAN1#86bis to study how to meet the requirements by using at least one HARQ retransmission. Compared with grant-based transmission, HARQ seems more needed for grant-free transmission considering potential physical resource collisions among grant-free UEs, detection errors at the BS and no fast link adaptation. Therefore, if grant-free transmission is used for UL URLLC, design aspects on how to guarantee the reliability (for example HARQ etc.) are worth to be further studied.
Proposal 1: HARQ mechanism should be studied for grant-free transmission in UL URLLC.

2.2 Considerations on grant-free design
To support grant-free for URLLC, how to still guarantee high reliability is a key issue. In the RAN1#86bis meeting, it has been agreed to study how to meet RAN requirements on latency and reliability using at least one HARQ retransmission for DL data and UL data. As for grant-free transmission, HARQ retransmission seems more needed to achieve the target BLER. In grant-free, fast link adaptation may not be possible, and physical resource collisions among UEs could easily happen. Some of these possible negative impacts on reliability could be compensated by HARQ retransmission within the required latency. Some considerations on HARQ related issues to support grant-free for URLLC are given below.
In grant-free transmission, the BS need to blindly detect which UEs are performing transmission. For blind detection, there could be possibilities to have misdetection, i.e., the BS does not detect a UE which is performing transmission. In this case, the BS will not feedback any ACK/NACK at least for UE initial transmission. From the UE side, the UE has performed transmission but not received any ACK or NACK. Due to lack of information on the previous transmission, the BS cannot perform HARQ IR combining anyway. Therefore, it would be reasonable to let the UE only repeat the previous transmission instead of transmitting with a new RV. 
Proposal 2: For grant-free transmission, UE will perform repetition when neither ACK nor NACK is received.
For grant-free, physical resource collisions among UEs are inevitable. If HARQ retransmission timing is fixed relative to the initial transmission, like synchronized HARQ in LTE, there could be an issue of continuous collision. This is exemplified in Figure 1 a). If two UEs’ initial transmissions collide and both UEs receive NACK from the BS, then retransmissions of these two UEs will still collide. Collisions have negative impact on the reliability, and thus should be avoided or reduced with best efforts. To avoid such continuous-collision case, it should be allowed for different UEs to have different retransmission timings as given in Figure 1 b).


a) Fixed retransmission timing                           b) Signaled or randomized retransmission timing
Figure 1. Illustration of different HARQ retransmission timing 
To achieve the desired result in Figure 1 b), one way is letting the BS explicitly configure the UE retransmission timing by signaling. The configuration information can be transmitted together with NACK, e.g., contained within one PDCCH. Another way could be randomizing the UE retransmission timing. A pseudo-random way can be used to determine the retransmission timing implicitly. The principle of pseudo-randomness has been used in LTE. For example, the PDCCH search space is determined pseudo-randomly by using Yk which is a recursive function related to RNTI and subframe index. Similar methods can apply to retransmission timing determination. For URLLC, preferably different UEs will use different DM-RS sequences. Therefore, DM-RS ID and/or UE ID can be used to generate Yk. If a transmission occurs at time instant k, then the corresponding Yk can be used to determine the retransmission timing as . Constraints may be put onto R to make the whole transmission completed within the required latency. For signaled retransmission timing, collisions are more controllable at the cost of signaling overhead. For pseudo-randomized retransmission, signaling overhead can be saved but collisions cannot be completely avoided. Tradeoff exists between these two methods.
Proposal 3: For grant-free transmission, UE retransmission timing could be determined by signaling, or in a pseudo-random way.

Conclusions
In this contribution, we share our views on grant-free transmission for UL URLLC. As a way to achieve low latency, grant-free transmission can be considered for UL URLLC. Also studies on how to guarantee the reliability are needed for grant-free transmission. Based on the analyses, we give the following proposals.
Proposal 1: HARQ mechanism should be studied for grant-free transmission in UL URLLC.
Proposal 2: For grant-free transmission, UE will perform repetition when neither ACK nor NACK is received.
Proposal 3: For grant-free transmission, UE retransmission timing could be determined by signaling, or in a pseudo-random way.
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