[bookmark: _GoBack][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK5][bookmark: OLE_LINK6]3GPP TSG-RAN WG1#87	R1-1612246
Reno, NV, USA 14th - 18th November 2016

Agenda item:		7.1.4.4
Source:	Nokia, Alcatel-Lucent Shanghai Bell
Title:	Discussion on HARQ support for URLLC
Document for:		Discussion and Decision
1 Introduction
URLLC is one of the three usage scenarios for the coming 5G and has been widely envisioned as one of the enablers for future vertical applications such as industrial automation, e-health, autonomous driving and so on. 
This contribution relates to the HARQ operation for URLLC. RAN1 has made the following agreements in RAN1#86 meeting [1]: “
· 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 “
Further regarding URLLC operation, it has been agreed in RAN1#86bis [2] that “
· 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” 
In this contribution, after discussing the feasibility and benefits of HARQ operation for URLLC, we discuss one enhanced HARQ scheme to improve the reliability within the required U-Plane latency window.

2 [bookmark: OLE_LINK15][bookmark: OLE_LINK16]URLLC HARQ operation
HARQ is an essential functionality that adds robustness to each link against various link adaptation imperfections, as well as offers benefits in terms of reliability and/or spectral efficiency.

2.1 Feasibility and benefits of HARQ for URLLC
According to TR38.913 [3] the required U-Plane latency in both UL and DL is 0.5 ms without strict reliability requirement. Regarding to the simultaneous latency and reliability requirements, it is specified “10-5 within 1ms and targeted user experience data rate X bytes (e.g. 20 bytes).” As shown in Section 1, one of the open issues is to investigate the achievable latency based on at least one retransmission. Obviously, from latency point of view TDD is more challenge than FDD, hence we will discuss the possible HARQ operation in TDD. Since the considered use case in this contribution is URLLC, self-contained operation is taken as one example to illustrate the achievable latency with one retransmission. As discussed in [4], self-contained operation is based on the usage of bi-directional slots, where HARQ and scheduling times are defined in the following way: 
· DL assignment and corresponding DL data are conveyed in the same slot.
· DL data and corresponding acknowledgement are conveyed in the same slot (corresponding to K1=0 in [2]*).
· UL assignment and corresponding UL data are conveyed in the same slot (corresponding to K2=0 in [2]*).
*Note: the current agreement applies to slot-based scheduling, no agreement on mini-slot based scheduling available yet.

For DL, with the agreement from RAN1#86bis that “from gNB perspective, DL control signalling can be located at the first OFDM symbol(s) in a slot and/or mini-slot”, the first OFDM symbol in slot #n can contain the scheduling information for mini-slot. With self-contained operation, the DL data acknowledgement corresponding to the 1st transmission is delivered in the same slot for example slot #n. Due to very limited processing time between ACK/NACK and the DL control, it is further assumed that slot #n+1 is used for processing and preparing for retransmission. In this way the retransmitted data packet can be received at UE in slot #n+2. Therefore, the total latency with one retransmission is about 0.375ms (i.e. three slots). Similarly, it is quite straightforward to find out that the U-plane latency for UL with one retransmission is about 3 slots (0.375ms) as well with the assumption of K2=0 (i.e. resource grant (or NACK for retransmission) and UL data transmission occur in the same slot).
Based on the discussion above, it can be seen that with one retransmission, the user plane latency is about 0.375ms, which is much shorter than URLLC latency requirement of 0.5ms. Furthermore, for high reliable data transmission with the reliability requirement at 10-5, the latency requirement is 1ms [3] and within 1ms time window there will be longer time available for potential retransmission.

Observation 1: It is possible to support at least one retransmission within 0.5 ms with the help of self-contained operation and the mini-slot concept. Reducing processing time is a key element to support retransmission.

HARQ is one of the most important elements to increase link reliability and offers benefits in terms of spectral efficiency. Without HARQ support, for URLLC services, much more resource has to be allocated for the first transmission in order to support the much more robust MCS levels, which definitely reduces the spectral efficiency. As discussed in [5], even with one retransmission, the reliability requirements for the 1st transmission can be relaxed a lot especially if the feedback channel is reliable enough. Considering the reasonably good performance even with the 1st transmission, for example in case that the feedback channel can achieve at about 10-3, the first transmission can be on the level of 10-3 which is much relaxed comparing to 10-5. Clearly, it is inefficient if much more robust transmission scheme has to be utilized in the first transmission without taking advantage of the available time budget for retransmission and related diversity gain.
Based on the discussion above, we have the following proposal,
Proposal 1: URLLC shall support HARQ operation to take full advantage of available time budget for potential retransmission and achieve better spectral efficiency.

2.2	Aggregative retransmission for URLLC
For URLLC use cases, there are additional opportunities for enhanced HARQ functionality, which should be further studied. For example early ACK/NACK feedback even before the receiving-end have fully decoded the received transport block is discussed in a companion contribution [6]. Here we will discuss the aggressive use of automatic retransmission until reception of ACK, which is another way to achieve high reliability within the required latency window.
The basic operation is quite simple and straightforward. Blind retransmission has already been adopted in other use cases, for example, LTE Rel-12 ProSe broadcast operation (where the same data packet is transmitted 4 times) although there is difference as well. In LTE ProSe, no feedback is expected due to the property of sidelink broadcast communication. Here we are talking about aggregative retransmission before acknowledgement. In the example shown in Figure 3, after receiving three packets, the UE can get the packet decoded and send back ACK. At transmitter side, there is no need to wait for NACK before retransmission. In this case, each transmission should be self-decodable and combining (Chase or incremental redundancy) is possible. The benefit of this proposal is the reduced latency comparing to regular stop-and-wait operation. The cost is possible resource waste for example RV=4 in the figure is not needed. 


[bookmark: _Ref465287292]Figure 3. Aggressive retransmission before ACK (RV: redundancy version)

Proposal 2: RAN1 should study aggressive continuous transmission of the same packet before acknowledgment.

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]3	Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this document, we have made the following proposals related to HARQ for URLLC:
Observation 1: It is possible to support at least one retransmission within 0.5 ms with the help of self-contained operation and the mini-slot concept. Reducing processing time is a key element to support retransmission.

Proposal 1: URLLC shall support HARQ operation to take full advantage of available time budget for potential retransmission and achieve better spectral efficiency.
Proposal 2: RAN1 should study aggressive continuous transmission of the same packet before acknowledgment.
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