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1	Introduction
In this contribution we outline the basic requirements and proposed working assumptions for moving forward with the 5G hybrid ARQ functionality. In this effort, we aim for a generic HARQ framework that offers the necessary flexibility for supporting the different services and scenarios outlined in 3GPP TR 38.913 [1].
Section 2 outlines the proposed HARQ functionality, and the related motivation, while Section 3 concludes the contribution with a set of proposals.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]2	Hybrid ARQ functionality
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]2.1			Fundamental HARQ principles
HARQ is an essential functionality that adds robustness to each link against various link adaptation imperfections, as well as offers benefits in terms of spectral efficiency and/or reliability. For cases with dynamically scheduled access, it is desirable to have the full freedom to decide when to schedule HARQ retransmissions; e.g. in coherence with the users radio channel conditions, QoS requirements, network load conditions, etc. On a similar note, for dynamic TDD use cases with frequent switching between downlink and uplink transmission in coherence with the offered traffic fluctuations, it is also desirable to have the full freedom to determine when to schedule HARQ retransmissions (i.e. resulting in more degrees of freedom for dynamic TDD operation). However, despite the arguments in favor of asynchronous HARQ, the option of synchronous HARQ (as a method to reduce control signaling overhead) shall not be excluded at this early stage of the Study Item phase. The following is therefore proposed as default HARQ assumptions:
Proposal 1: Asynchronous and adaptive HARQ with incremental redundancy is the default assumption for both the downlink and uplink, although the option of synchronous HARQ is not excluded at this point in time
It is desirable to have a 5G radio design that is applicable for different RAN implementations, such as various C-RAN realizations. The latter include implementations with centralized baseband processing and fronthaul connections to RRHs with certain latencies, as well as implementations with a split L1 and L2 using backhaul interfaces with certain latencies (see [1], [6]). The aforementioned fronthaul and backhaul latencies naturally influences on the HARQ timing, and calls for supporting flexible configuration of different timings of the ACK/NACK transmissions as compared to reception of transport blocks. Similarly, also the number of parallel stop-and-wait (SAW) channels is desirable to be configurable. However, it is envisioned that this does not lead to very extreme HARQ memory size requirements to the UE size, rather HARQ protocol design should be such that it can operate longer L2 delays than number of process would allow to support continuous transmission. 
[bookmark: _GoBack]Proposal 2: The timing of ACK/NACK’s and the number of SAW channels shall be configurable to efficiently support for different network implementations (e.g. to account for L1-L2 latencies).
Support for asymmetric link operation is especially of importance for macro-cellular type of scenarios, with high transmit power in the downlink, and much lower uplink transmit power from the UE. In such scenarios, cell-edge UEs will have to use longer TTI size and longer transmission times of ACK/NACK to maintain coverage, while the downlink could still operate with short TTIs and short ACK/NACK transmission times (e.g. by sending the ACK/NACK during a single OFDM symbol). It is therefore desirable to have flexible HARQ design that facilitate asymmetric link operation, where each link can be configured separately [6], expressed in the following proposal:
Proposal 3: The HARQ scheme shall support asymmetric link operation, where the transmission time interval (TTI) and/or time of ACK/NACK transmissions can be configured differently for the uplink and downlink.
2.3			Service-specific HARQ enhancements
For URLLC use cases, there are additional opportunities for enhanced HARQ functionality that shall be further studied. Examples of such enhancements include aggressive use of automatic retransmission until reception of ACK, early ACK/NACK feedback even before the receiving-end have fully decoded the received transport block and jointly UL/DL HARQ process design due to strict E2E latency requirement. 
The early ACK/NACK feedback enhancement is targeted at improving the HARQ latency [7]. At the receiver end, the decoding is known to be the most computational expensive part, contributing the most to the processing time. However, from the likelihood ratios (soft values) prior to decoding, it can be estimated with high confidence if the decoding will be successful. If the likelihood ratios indicate (un)successful decoding, an early feedback can be sent back to the transmitter immediately, thereby offering a shorter HARQ RTT. The problem of estimating the decoder performance from the Log-likelihood Ratios (LLRs) is already discussed in literature, and different metrics are proposed (As a few examples, see [3]-[5]). Predicting the decoder outcome is naturally error prone, leading to the occurrence of false positives and false negatives. However, our initial studies show that a significant latency reduction can be obtained even in the presence of a realistic occurrence of prediction errors.
The very high reliability requirements for URLLC also sets challenging requirements for HARQ feedback detection performance, so this must be further studied as well. For LTE, the following requirements applies: P(ACK|NACK)=0.01%, P(NACK|ACK)=1%, P(ACK|DTX)=1%. However, these are likely too high error probabilities to comply with the strict URLLC requirements, and hence needs to be improved for 5G (at least for URLLC users).
Hence, motivated by the URLLC use cases, the following is proposed:
Proposal 4: For URLLC, various HARQ enhancements such options for early ACK/NACK feedback, automatic retransmissions until reception of ACK, and potential joint UL/DL HARQ design shall be further investigated. Similarly, the requirements for P(ACK|NACK), P(NACK|ACK), and P(ACK|DTX) to meet the URLLC requirements shall be further investigated.
For mMTC use cases, options for simplified HARQ solutions are proposed to be further studied. This is motivated by the desired support for low cost and energy efficient mMTC devices, potentially supporting only half duplex operation, and for some use cases often being subject to only infrequent uplink non-scheduled transmission of moderate size payloads. Hence, leading to the following proposal: 
Proposal 5: For mMTC use cases, options for simplified HARQ operation shall be further investigated, including support for low cost mMTC devices with half-duplex capabilities and non-scheduled uplink data transmission.
3	Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]The contribution is concluded by summarizing our initial proposals for 5G HARQ as follows:
Proposal 1: Asynchronous and adaptive HARQ with incremental redundancy is the default assumption for both the downlink and uplink, although the option of synchronous HARQ is not excluded at this point in time
Proposal 2: The timing of ACK/NACK’s and the number of SAW channels shall be configurable to efficiently support for different network implementations (e.g. to account for L1-L2 latencies).
Proposal 3: The HARQ scheme shall support asymmetric link operation, where the transmission time interval (TTI) and/or time of ACK/NACK transmissions can be configured differently for the uplink and downlink.
Proposal 4: For URLLC, various HARQ enhancements such options for early ACK/NACK feedback, automatic retransmissions until reception of ACK, and potential joint UL/DL HARQ design shall be further investigated. Similarly, the requirements for P(ACK|NACK), P(NACK|ACK), and P(ACK|DTX) to meet the URLLC requirements shall be further investigated.
Proposal 5: For mMTC use cases, options for simplified HARQ operation shall be further investigated, including support for low cost mMTC devices with half-duplex capabilities and non-scheduled uplink data transmission.
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