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Introduction
In this contribution we present some views related to HARQ feedback timing and polled HARQ feedback.
Discussion
It has been agreed to indicate HARQ feedback timing in the DCI [1]. DCI selects among a set of configurable values. Which values and especially the smallest possible value have not yet been agreed, so far the following has been agreed [2]:
· For slot-based scheduling, NR specification should support the following
· DL data reception in slot N and corresponding acknowledgment in slot N+K1
· All UEs should support K1≥1 with exact values for K1 FFS
· Some UEs may support K1=0 (FFS conditions)

In the following we use the terminology above where K1 is expressed as a number of slots although in reality it should preferably be expressed interms of OFDM symbols to handle all cases (long PUCCH, short PUCCH, slot-based transmission, mini-slot-based transmission).
Fast feedback at the end of the same slot reduces latency and HARQ round trip time and thus also end to end delay for data transmission. In our companion contribution [3] we show that end to end delay for data has a large impact on TCP throughput. In general, end to end delay includes transport network delay and RAN delay. Even though current networks can have rather large transport network delays it is expected that this time will shrink in the future. RAN delays should not become bottle neck. It is therefore important to enable short RAN delays which require short HARQ feedback times.
For dynamic TDD fast feedback in the same slot is beneficial since the gNB would receive feedback at the end of slot which simplifies scheduling, especially in a beamformed system. In a beamformed system, if HARQ feedback is returned in a later slot, the scheduler does not have full flexibility to choose beamforming weights in the feedback slot but must make sure that feedback can be received from the previously scheduled terminal. A large variation of supported HARQ feedback time would further complicate scheduler operation.
In unlicensed spectrum, immediate HARQ feedback enables feedback transmission without extra LBT operation avoiding the risk of losing the channel.
Based on above discussion it is important to support same slot HARQ feedback, i.e. K1=0. Low latency is one of the key benefits of NR compared to LTE and important if the very high data rates supported by NR is to be experienced by the end user. Furthermore, technology has progressed significantly since the incarnation of LTE 10+ years ago. It is therefore desirable to make this mandatory for all UEs in Rel-15.  
In the undesirable case that not all UEs can support this, an additional values need to be supported. In spite of the discussion above, it is in that case proposed to make this value K1=1, in case K1=0 is not mandatory for all UEs.
It should also be noted that allowing for multiple ACK feedback timing values will significantly complicate the scheduling operation. Allowing multiple values could therefore result in less efficient scheduling 
Proposal 1: Adopt K1=0, preferably as the single supported value for all UEs.

In some cases it is important to have the possibility to request a feedback at a later instance. For example, in scenarios where NR coexists with LTE in the same band HARQ feedback needs to be delayed until the next available UL, see Figure 1. One code point in the HARQ timing indication in the DCI could be reserved to indicate postponed HARQ feedback. If the UE was instructed not to transmit a HARQ acknowledgement, the network could at a later time instant “poll” the UE for the status of previous receptions. Polling could also have the benefit of avoiding complicated HARQ-ACK codebooks as used in LTE and is also useful for operation in unlicensed spectrum for devices not capable of ‘immediate’ ACK.
Proposal 2: Introduce polled HARQ-acknowledgement for PDSCH.
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[bookmark: _Ref465862656]Figure 1: HARQ feedback timing
Conclusion
In this paper we discuss HARQ feedback timing and polled HARQ feedback. The following is proposed:
Proposal 1: Adopt K1=0, preferably as the single supported value for all UEs.
Proposal 2: Introduce polled HARQ-acknowledgement for PDSCH.
References
[1] [bookmark: _Ref485300390]“RAN1 Chairman’s Notes”, 3GPP TSG RAN WG1 Meeting NR #1, January 2017.
[2] [bookmark: _Ref485300398]“RAN1 Chairman’s Notes”, 3GPP TSG RAN WG1 Meeting #86bis, October 2016.
[3] [bookmark: _Ref485312769][bookmark: _GoBack]R2-1707130, “Investigation on UP Latency”, Ericsson
image1.emf
#2 #3

#0 #4 #5

LTE TDD

NR, “immediate” ACK

NR, “later” ACK


