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1 Introduction

In the previous RAN1 WG meetings, it was agreed to further consider HARQ mechanisms to meet URLLC requirements:
	· 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, we provide further considerations on support of HARQ for URLLC. Other URLLC related aspects are discussed in our companion contributions [1]-[6].
2 Downlink URLLC HARQ

In this section we discuss the DL HARQ operation for URLLC. For URLLC, both semi-static and dynamic types of scheduling can be considered since different URLLC services may be characterized by either periodic or aperiodic/sporadic traffic. First we analyze the sources of errors for different types of HARQ, and assume the following components of successful reception probability (also illustrated in Figure 1):

· PC – probability to successfully receive control channel (PC1 for initial TX and PC2 for the ReTX or for the resending initial TX due to DTX),

· PD1 – probability to successfully receive data from the first transmission,

· PN – probability to successfully receive NACK,

· PDTX – probability to detect that there is no feedback, i.e. assume the UE has not received the control channel,

· PD2 – probability to successfully receive data from two transmissions.
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Figure 1. Main sources of errors for DL HARQ-based transmission.

In case of dynamic scheduling, initial transmission is accompanied with a control channel. Additionally, in case of retransmission, the control channel may present if adaptive retransmission is used.

· Asynchronous HARQ (retransmission is sent with separate control and new transmission parameters)

P = PC1·PD1 + (1–PC1)·PDTX·PC2·PD1 + PC1·(1–PD1)·PN·PC2·PD2
· Synchronous HARQ (retransmission is sent w/o control with known transmission parameters)

P = PC1·PD1 + (1–PC1)·PDTX·PC2·PD1 + PC1·(1–PD1)·PN·PD2
As it was discussed in our companion contribution [2], the HARQ with one retransmission may meet the 0.5 ms latency by using mini-slots of less than 7 symbols e.g. in 60 kHz SCS. In the next subsections we separately discuss all the sources of errors and the mechanisms to meet the reliability of each step.

2.1 DL Control Channel Reliability

For one-shot transmission, the control channel should have reliability better than the target reliability of the requested URLLC services e.g. 1-10-5. For two-shot transmission based on ACK/NACK feedback, the control channel reliability may be relaxed since there is a possibility to detect DTX, i.e. failure of control channel decoding and the corresponding absence of any ACK/NACK feedback. In this case, the gNB may schedule another transmission with even more robust control channel transmission parameters, e.g. with lower aggregation level.
It should be noted, that for the case of synchronous HARQ (when the retransmission may be sent w/o accompanying control channel), the control channel target error rate may be less strict than for the asynchronous case due to the need to successfully receive control channel only for the first time.

The control channel may exploit high diversity order using frequency distributed resource allocation and MIMO transmission diversity schemes. Additionally, in order to facilitate fast control channel processing, the number of simultaneous blind decoding hypothesis needs to be limited comparing to typical eMBB operation.
Proposal 1

· Minimize the number of blind decodings of DL control channel for URLLC.

· URLLC downlink control channel aggregation levels are not limited to a single value.

2.2 ACK/NACK Reliability

One of the most important parts of the HARQ-based URLLC transmission is the successful ACK/NACK delivery due to the following reasons:
· From the equation of error probability, the required reliability of initial transmission and retransmission directly depends on NACK reception probability.
· The probability to detect ACK/NACK also contributes to the probability to detect the failure of downlink control channel reception.
· There may be a significant coverage imbalance between DL and UL as it was shown in [7]. That means, typically DL may have better transmission reliability (control channel and shared channel) than the UL part (e.g. transmission of UCI with ACK/NACK).
Regarding the types of errors in the feedback channel, we consider the following:
· DTX detection instead of ACK: This is the case of the failure to decode/detect the transmitted ACK and consider that the UE successfully decoded downlink control channel. This situation may trigger scheduling of another DL transmission which will consume additional spectrum while already be successfully decoded.
· DTX detection instead of NACK: This is the case of the failure to decode/detect the transmitted NACK and consider that the UE failed to decode downlink control channel. This situation may trigger scheduling of another DL transmission with usage of another transmission parameters for both control and shared channel to ensure the reliability is met after this second transmission.
· NACK detection instead of ACK: In this case, the gNB will schedule a retransmission which will consume additional spectrum while the packet is already successfully decoded.
· ACK detection instead of NACK: The case of detection of ACK instead of indicated NACK will lead to failure of the URLLC transmission since there will be no time for RLC level recovery. This is one of the most dangerous effects that should be avoided as much as possible.
· ACK detection instead of DTX: The cases similar to the ACK->NACK misdetection.
From the discussion above, the focus of the ACK/NACK reliability improvement should be to maximize link budget of the HARQ feedback in a given latency budget as well as provide the minimum probability of ACK detection instead of NACK or DTX.

Proposal 2
· Study techniques of minimizing NACK-to-ACK and DTX-to-ACK misdetection events for DL HARQ.
2.3 Shared Channel Reliability

From the equation, it is clear that the soft combining which provides higher ratio of PD2/PD1, should be applied. In that sense, incremental redundancy HARQ may be considered to exploit channel coding gains. Additionally, usage of adaptive HARQ, i.e. assignment of different transmission parameters and/or resources for initial TX and ReTX may be crucial to meet the reliability in spectrum efficient manner by using the concepts described in our companion contribution on URLLC link adaptation [6].
Proposal 3
· Adaptive HARQ is supported for DL URLLC.
The adaptive HARQ is usually assumed to be performed by asynchronous scheduling, however in order to use the synchronous HARQ, the information about different transmission parameters for initial TX and possible ReTX may be carried in the first downlink control channel. Taking into account the above proposal, the asynchronous HARQ may be used as a baseline for URLLC. However it should be further studied how to enable adaptive HARQ using synchronous HARQ.
Proposal 4

· At least asynchronous HARQ is supported for DL URLLC.

3 Uplink URLLC HARQ

Similar to the DL discussion, we assume the following components of error probability (note that depending on the resource access scheme, e.g. SR-based or grant-free [3], some sources of errors may be omitted):

· PSR – probability to successfully receive URLLC scheduling request,

· PC – probability to successfully receive scheduling grant control channel (PC1 is for initial TX and PC2 is for ReTx),
· PD1 – probability to successfully receive data from the first transmission,

· PN – probability to successfully receive NACK,

· PD2 – probability to successfully receive data from two transmissions.
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Figure 2. Main sources of errors for UL transmission.

In case of dynamic scheduling, each initial transmission is scheduled by a control channel. Additionally, in case of retransmission, the control channel may present if the asynchronous scheduling is used. Although the latency still consists of at least three steps, the benefits of such traditional scheduling may be extracted in case the latency budget can accommodate those.

· Asynchronous SR-based HARQ (retransmission is sent with separate control and new transmission parameters)

P = PSR·PC1·PD1 + PSR·PC1·(1–PD1)·PC2·PD2
· Synchronous SR-based HARQ (retransmission is sent w/o control with known transmission parameters)

P = PSR·PC1·PD1 + PSR·PC1·(1–PD1)·PN·PD2
· In case of the grant-free transmission with predefined parameters, the SR and the grant may be omitted (consider PSR = 1 and PC1 = 1):
P = PD1 + (1–PD1)·PC2·PD2
Note, that dynamic ReTX scheduling is assumed in the above equation (i.e. by dynamic grant).

· In case of the grant-free transmission with accompanying preamble or SR w/o a grant, only PC1 is omitted:

P = PSR·PD1 + PSR·(1–PD1)·PN·PC2·PD2
It should be noted, that the final performance depends not only on the number of sources of errors but also on the scheduling mechanisms and resources allocation for each scheme. For example, SR-based transmission requires processing of several physical channels while the grant-free transmission of only a few, however the SR-based transmission may enjoy dynamic resource allocation and link adaptation while the grant-free transmission may lack of such flexibility. In the next sub-sections we discuss the steps separately without sticking to some of the transmission schemes.

SR channel reliability

In case of SR-based UL transmission, the SR should be as reliable as the target service requirement, e.g. 1-10-5 in case there is no latency budget to detect absence of the UL grant and do another try. Therefore, the SR channel for URLLC should be carefully studied.
The mini-slot concept (which is discussed in [7]) may be used to transmit UL SR with fine granularity of resource access and with flexible transmission duration. Such approach may allow to maximize SR link budget given the constrained latency.
UL grant and ACK/NACK reliability
The UL grant design should follow the same principles as discussed for the DL control channel transmission. Note, that since these steps are performed in DL transmission direction, the reliability of these channels may be in general not limiting for URLLC performance because of better DL link budget and because of gNB control on these transmission.
The most dangerous event in case of synchronous HARQ is the detection by a UE of ACK instead of NACK. This situation will not trigger immediate retransmission to recover the failed shared channel decoding and therefore the transaction will fail due to the absence of latency budget to request another retransmission.
In case the UE does not detect neither ACK nor NACK/Grant, a fallback retransmission behavior may be triggered using a predefined resources and parameters (synchronous HARQ) even in case of asynchronous HARQ.
Proposal 5

· Support synchronous HARQ for UL URLLC at least as a fallback.

Shared channel reliability

The required shared channel BLER depends on the reliability of all the other involved physical channels which are largely dependent on the resource access scheme and UE coverage. Please refer to the resources access schemes discussed in [3]. In general, the similar link adaptation principles as discussed in [6] may be used. According to these principles, gNB may assign transmission parameters for initial TX using relaxed BLER requirements and IoT assumptions while schedule a more robust ReTX in case of initial TX failure. This may provide better URLLC capacity while meeting the strict requirements.
4 Conclusions

In this contribution we discussed URLLC specific HARQ design implications. Based on the discussion and analysis, we have the following proposals:
Proposal 1

· Minimize the number of blind decodings of DL control channel for URLLC.

· URLLC downlink control channel aggregation levels are not limited to a single value.

Proposal 2

· Study techniques of minimizing NACK-to-ACK and DTX-to-ACK misdetection events for DL HARQ.

Proposal 3

· Adaptive HARQ is supported for DL URLLC.
Proposal 4

· At least asynchronous HARQ is supported for DL URLLC.
Proposal 5

· Support synchronous HARQ for UL URLLC at least as a fallback.
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