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1	Introduction
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. 
Regarding resource sharing between URLLC and eMBB it has been agreed [1] in RAN1#86 that 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 schemes are not precluded
· Other mechanisms are not precluded
Also, regarding particular requirements for URLLC, it has been agreed [2] in RAN1#86bis that 
· Consider further the trade-offs for meeting URLLC requirements for the following.
· Semi-static resource allocation for UL data transmission.
· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.
· Normal SR-based transmission
· Other solutions are not precluded
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There is agreement to study UL grant-free transmission for URLLC. The primary advantage of employing grant-free for URLLC is that the time taken to send SR and wait for UL grant (for UEs in connected state) or to setup a connection (e.g., LTE RACH procedure, for UEs in idle state) is avoided and a user can more quickly transmit the necessary information. 
It is well understood that it is challenging to achieve ultra-reliable communications (e.g., BLER of 10-5 or less). In particular, the interference and fade margin can be many tens of dB beyond that when operating at “normal” BLER targets (e.g., 10-2 to 10-1). The challenge is escalated with the requirement for low latency (e.g., < 1 ms).
In order to achieve the stated goals, every degree of freedom must be considered. While robust low-rate coding certainly offers a possibility, it is inefficient for UEs with better link quality. We believe that a core element to achieving the extreme level of reliability is for URLLC to support HARQ with adaptive modulation and coding. 

Proposal 1: Grant-free URLLC should support HARQ to achieve high levels of reliability.
Of course, the support of HARQ re-transmissions, if needed, is not sufficient. 
It is critical to maximize the diversity for URLLC transmissions. In cases where a low latency requirement is additionally imposed, time diversity cannot be achieved. So frequency and interferer diversity becomes even more important. Depending on the UL waveform being used, frequency and interferer diversity can be achieved via wideband transmissions (for CP-OFDM) and/or frequency hopping between HARQ transmissions (for both CP-OFDM and DFT-S-OFDM). 


Figure 1. Frequency hopping between HARQ transmissions of URLLC to achieve frequency and interferer diversity

Proposal 2: Grant-free URLLC should support HARQ transmissions that maximize frequency and interferer diversity. Frequency hopping between initial and subsequent re-transmissions, if needed, should be supported.

Further, in order to maximize the received energy to decode a URLLC transmission, there should be provision for the transmissions to be combined. For frequency-hopped URLLC transmissions, this would require that the transmissions be synchronous (e.g., similar to synchronous HARQ on the LTE uplink) in the sense that the time and frequency offsets between HARQ transmissions are known to both the transmitter and receiver.

Proposal 3: Grant-free URLLC should support combining between HARQ transmissions.

While achieving frequency and interferer diversity play a major role in achieving high reliability, there may be a need to provide further protection against interference. At the primitive level, there should be an ability to ensure that initial HARQ transmissions and/or HARQ re-transmissions to occur on a dedicated resource. In this way, there will be no intra-cell interference from other traffic, e.g. eMBB. Further, it may be necessary in some cases to protect transmissions from inter-cell interference, e.g. frequency reuse. Unless URLLC is supported on a dedicated carrier, sparse frequency reuse would not be employed at the carrier level, but rather within the carrier. One potential is to employ blanking patterns in a manner similar to that of ABS and e-ICIC as standardized for heterogeneous networks.

Proposal 4: Grant-free URLLC should support HARQ transmissions in dedicated resources. Further, URLLC support for resilience to inter-cell interference, e.g. blanking patterns, should be studied.

Depending on the latency budget and HARQ timing, it may be possible to transmit a maximum number of HARQ transmissions. As the maximum number of HARQ transmissions approaches, it may be beneficial to allow the level of redundancy and the transmit power (when feasible) to increase, thereby improving the probability of successful decoding and reducing the probability of additional re-transmissions. 

Proposal 5: For grant-free URLLC, the benefit of allowing transmit power and/or redundancy levels to increase with each HARQ re-transmission should be studied.

Depending on the criticality of the message, it may be beneficial for highly critical URLLC transmissions to be communicated at quick intervals (perhaps in contiguous TTIs) until an acknowledgement is received. In this case, each transmission is self-decodable and combining (Chase or incremental redundancy) is possible.

Proposal 6: For especially time critical grant-free URLLC, study the benefit of allowing autonomous transmissions/retransmissions of a message, where each transmission is self-decodable.
In some scenarios, it may be beneficial for the initial URLLC transmission to occur in a grant-free manner but for retransmissions to be scheduled on a set of resources. This is discussed in a companion contribution [3].
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[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this document, we have made several proposals related to grant-free HARQ for URLLC:
Proposal 1: Grant-free URLLC should support HARQ to achieve high levels of reliability.
Proposal 2: Grant-free URLLC should support HARQ transmissions that maximize frequency and interferer diversity. Frequency hopping between initial and subsequent re-transmissions, if needed, should be supported.
Proposal 3: Grant-free URLLC should support combining between HARQ transmissions.
Proposal 4: Grant-free URLLC should support HARQ transmissions in dedicated resources. Further, URLLC support for resilience to inter-cell interference, e.g. blanking patterns, should be studied.
Proposal 5: For grant-free URLLC, the benefit of allowing transmit power and/or redundancy levels to increase with each HARQ re-transmission should be studied.
Proposal 6: For especially time critical grant-free URLLC, study the benefit of allowing autonomous transmissions/retransmissions of a message, where each transmission is self-decodable.
4	References
[1] RAN1#86 Chairman Notes, August, 2016.
[2] RAN1#86bis Chairman Notes, October, 2016.
[3] R1-1612253, “Grant-free to grant-based switching for URLLC”, Nokia, Alcatel-Lucent Shanghai Bell, RAN1#87, Nov. 2016.

image1.png
O] )

[ Juriext [l urLLC Tx2 t




