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1	Introduction
[bookmark: _GoBack]URLLC is one of the three usage scenarios for future 5G and has been envisioned as one of the enablers for future vertical applications such as industrial automation, e-health, autonomous driving and so on. TR38.913 [1] defines some general requirements for URLLC, such as a target U-plane average latency of 0.5 ms, and a reliability of 10-5 to transmit a 32 bytes packet within 1 ms.
In RAN1#87, the following was agreed regarding UL transmission for URLLC:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 
· FFS: resource configuration details
· FFS other details of design
RAN1#NR Adhoc agreed the following: 
· For an UL transmission scheme without grant
· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point
· 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
Also it was agreed in RAN1 #88 that,
· For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met
· If an UL grant is successfully received for a slot/mini-slot for the same TB
· FFS: How to determine the grant is for the same TB
· FFS: An acknowledgement/indication of successful receiving of that TB from gNB
· The number of repetitions for that TB reaches K
· FFS: Whether it is possible to determine if the grant is for the same TB
· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)
· Note that other termination condition of repetition may apply
Based on these agreements, we discuss the resource configuration, the basic transmission procedures and HARQ aspects for URLLC grant-free.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2	Discussion 		
Uplink grant-free transmissions are being considered for URLLC. UL grant-free transmission can achieve lower latency and lower signalling overhead than grant-based transmission since the UE does not need to wait to send a scheduling request and wait for UL grant before data transmission. Furthermore it has the potential to improve reliability since the errors in reception of the scheduling request and resource grant can be avoided [2].  
Grant-free operation may be achieved with users being allocated a dedicated or shared resource. In the former case, a user may be allocated a semi-persistent resource. Because this is a dedicated per user resource, the user does not suffer from intra-cell collisions, but may still require multiple transmissions to achieve the necessary energy to decode the packet. For instance, the user may be an edge user with relatively low SNR or an interior user whose transmission suffers from severe out-of-cell interference. For grant-free operation with users allocated a shared resource, there is the additional challenge of overcoming intra-cell interference which arises when multiple users within the cell and allocated to the same shared resource transmit simultaneously. Hence, whether grant-free operation employs dedicated or shared resource allocation, there is a strong need to allow multiple transmissions, ideally with soft combining to more quickly and reliably achieve successful decoding.
RAN1 agreed already that a UE can be configured with K times repetition for one TB transmission. However, it is uncertain as to how this is employed in conjunction with other grant-free re-transmissions, Ack/Nack feedback, and perhaps even a switch to grant-based re-transmissions. The following subsections propose a framework to be used for UL grant-free HARQ operation.
2.1 HARQ transmissions for a given TB
There is agreement that a UE may be configured with K times repetition for one TB, but it is uncertain how this relates to other re-transmissions for the TB or the case in which the UE is not configured for K times repetition (or equivalently K=1) but rather employs other types of re-transmissions.
As such, we propose a general structure that supports K-times transmission with other re-transmissions, as well as the ability to effectively turn off K-times repetition.
Consider a HARQ transmission structure with G groups of K transmissions, where Cg,k represents the k-th transmission of the g-th group. The chronological sequence in which the coded packets are transmitted is as shown below. 
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Figure 1: HARQ Transmission Sequence of Coded Packets for a TB which support repetition and other coding schemes

In principle, each group of K transmissions could represent K-repetitions of the same packet/TB, but could also be coded differently but in a manner known to both the transmitter and receiver.
Furthermore, repetitions could be turned off, by setting K to 1. 
Note that the time offsets between transmissions of packets is configurable and may be different (e.g., within a group, between groups).
Further, note that the transmission of all packets may not be made, for instance if the user receives an ACK or if the gNB commands a change to grant-based re-transmission.
Finally, note that with this generalized structure, combining across transmissions of coded packets may be performed.
Proposal 1: Support a generalized HARQ transmission structure which includes G groups of K transmissions for grant-free operation so that K-times repetition can be seamlessly integrated with other HARQ retransmissions.

2.2 ACK/NACK Feedback
In conventional cellular networks, there is typically an ACK or NACK feedback provided after each HARQ transmission. In this way, a user knows whether it needs to send again or whether it should refrain from future transmissions, thereby improving efficiency, saving energy and reducing interference in the network.
However, with URLLC, there is potential to improve latency and reliability by allowing multiple HARQ transmissions of a given packet to occur before an ACK or NACK is transmitted. K-times repetition is one example. As a result, the ACK/NACK feedback channel may not be mapped one-to-one to each transmission (e.g. there could be an ACK/NACK after 2 or 3 transmissions) and it should reflect the current decoding situation of the TB of all the available transmissions at the time of ACK/NACK feedback. 
The ACK/NACK feedback occasions can be configurable, perhaps periodic and tied to the transmission structure (e.g., after the K-th transmission of a given group). Alternatively, if the ACK/NACK feedback is carried using PDCCH, the UE monitoring of PDCCH would already be able to serve the purpose of monitoring the ACK/NACK feedback, except that the UE may need to monitor a different DCI format. In this case, the gNB would also have the full flexibility to choose when to send ACK/NACK feedback.
Proposal 2: Support ACK/NACK feedback wherein ACK/NACK feedback is not required after each transmission.
Further, there should be provision to allow for adaptation in the transmissions in the event of an ACK or NACK event. For the latter case, a change in grant-free transmission parameters (e.g., power control, modulation and coding scheme) might lead to a more expedient successful outcome. In addition, there may be a desire to transfer to grant-based operation in which case a grant could be carried together with the NACK. For the former case where the packet is successfully decoded, there may still be benefit to additionally carry adaptation commands or a switch to grant-based operation to be used for future transmissions. Indeed, this may be a more efficient manner of signaling adaptation than stand alone signaling. Finally, note that ACK/NACK feedback may be explicitly signaled or implicitly signaled (e.g., grant-based).
Proposal 3: Enable adaptive HARQ by allowing commands (e.g., change in power control or MCS, or a move to grant-based operation) to be carried with explicit/implicit ACK/NACK feedback.

2.3 Diversity and Soft Combining across HARQ transmissions
In order to provide low latency and reliable communications, HARQ re-transmissions, if needed, would allow adaptative re-transmissions (Section 2.2 above), but additionally provide diversity (e.g., fading, interferer) and soft combining gains. 
Frequency hopping is a well known method to achieve fading/interferer diversity gains. Further, if the time and frequency offsets between HARQ transmissions are known to both the transmitter and receiver (as an example, the detection of a given preamble may map to a known sequence of time/frequency offsets for each HARQ transmission) , 
· Receiver can soft combine across the HARQ transmissions
· Decoding complexity significantly reduced (no need to blindly decode over many hypotheses)
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Figure 2: Frequency hopping between HARQ transmissions of URLLC to achieve frequency and interferer diversity

Note that the URLLC mini-slot may be very short, shorter than the LTE subframe by a factor of M; as a result, the URLLC transmission needs to be stretched in frequency by the same factor in order to carry the same amount of information. Particularly for cases where the URLLC transmission spans a relatively large number of bits, the transmission may span a wide frequency range and additional frequency diversity gains achieved by frequency hopping may be small. In such cases, time hopping (e.g., variable time offsets between HARQ transmissions) may be necessary to provide the desired interferer diversity gain. 
Frequency hopping is illustrated in Figure 2 with fixed time offsets between transmissions. In practice, time offsets may not be fixed between transmissions, particularly if time hopping is employed. Further note that transmissions in the figure are generic and may apply to K repetitions or the initial transmissions and re-transmissions if Nacks are received.
Proposal 4: Grant-free URLLC should support HARQ transmissions that maximize frequency and/or interferer diversity. Frequency and/or time hopping between initial and subsequent re-transmissions, if needed, should be supported and enabled by URLLC configuration.

2.4 Grant-Free HARQ Operation
Putting the pieces together, Figure 3 summarizes the proposed HARQ operation for Grant-Free. 
In the first step, the UE receives the URLLC configuration from the gNB. This information would include the transmission rules (e.g., dedicated or shared SPS resources, repetition or not, time/frequency hopping parameters, coding parameters G and K, feedback options, etc.).
At some later point in time, the UE wishes to transmit UL URLLC data. In the figure, it is assumed that the UE transmits a preamble that can be reliably detected by the gNB, thereby reducing the blind decoding complexity of the intial transmission (and re-transmissions if needed). For the purposes of this contribution, this is not a necessary step.
Next, the UE transmits the n-th coded packet, n <= G*K, at a known time and frequency. 
If after this transmission, and before the next re-transmission, the UE determines if it has received an ACK. If Ack was received, the UE stops transmissions of the TB (i.e. does not continue the re-transmissions).
If an ACK was not received, but that this was the last allowable transmission, N=G*K, then the UE does not make another re-transmission.
If after this transmission, and before the next re-transmission, the UE decodes a re-transmission grant, the UE stops making grant-free re-transmissions, and commences grant-based re-transmissions.
Finally, if an ACK was not received, n<G*K, and a re-transmission grant was not received, the user transmits the (n+1)-th coded packet at a known time/frequency offset.


[image: C:\Users\jhkang\Desktop\Grant-Free-HARQ-Flowchart.jpg]

Figure 3: Proposed UE HARQ Operation for Grant-Free URLLC

3	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discussed HARQ operation for UL grant-free URLLC. Based on the discussion we have the following observations and proposals: 
Proposal 1: Support a generalized HARQ transmission structure which includes G groups of K transmissions for grant-free operation so that K-times repetition can be seamlessly integrated with other HARQ retransmissions.
Proposal 2: Support ACK/NACK feedback wherein ACK/NACK feedback is not required after each transmission.
Proposal 3: Enable adaptive HARQ by allowing commands (e.g., change in power control or MCS, or a move to grant-based operation) to be carried with explicit/implicit ACK/NACK feedback.
Proposal 4: Grant-free URLLC should support HARQ transmissions that maximize frequency and/or interferer diversity. Frequency and/or time hopping between initial and subsequent re-transmissions, if needed, should be supported.
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