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Introduction
In RAN2#97, the following agreements were made in the chairman’s notes[1]:
Agreements
1	NR supports an SPS scheme similar to LTE 
2	NR supports skipping UL grant scheme similar to LTE

[bookmark: _GoBack]In this paper, we discuss HARQ operation for SPS UL.
[bookmark: _Ref178064866]Discussion
Retransmission for SPS UL
In SPS, configured UL grant-free resources are reserved for fast uplink access. In LTE, the periodicity of the resources is configured in RRC, and the allocation and MCS are configured over PDCCH, and thus unable to dynamically adapt to variable network traffic conditions. However, retransmissions could be managed by gNB to be done using dynamically granted resources. When the gNB fails to decode the UL transmission, it sends an UL grant to UE for re-transmission. In this case, UE interprets whether the UL grant is received or not as a form of HARQ feedback. 
[bookmark: _Toc478022561][bookmark: _Toc478143068]Retransmission for SPS UL transmission based on a dynamic UL grant is supported.
UL feedback 
To always send an explicit positive or negative feedback for each UL transmission induces a large signalling load in the downlink. For reduced load of the DL control channel, for some scenarios, some feedback transmission can be skipped without substantially degrading the UL transmission performance. For instance, after transmission, the UE keeps the data in the buffer. If a UL grant for retransmission is received, then this indicates a failure at the receiver. Otherwise if nothing is received, then this indicates a successful transmission. Equivalently, this means that UE assumes ACK unless a UL grant for retransmission is received. Since the UL BLER value usually would be kept within a small value, this procedure saves most of signalling overhead for feedback.
[bookmark: _Toc478143072][bookmark: _Toc478022688]With UL grant-indicated feedback, UE assumes ACK unless a UL grant for retransmission is received. 
A companion paper [2] discusses a configuration of transmission behaviour similarly as in LTE, “SkipUplink”, where a UE does not transmit if it has an empty buffer. It should be noted that, with SkipUplink being configured, the network (gNB) does not expect a transmission in every resource specified by the SPS UL grant, and thus does not react if a transmission is not detected at gNB. Therefore, no feedback from the network can imply either ACK or that the transmission was not detected in gNB.  
Therefore, when SkipUplink is configured, resorting only to the UL grant for retransmission, would bring an ambiguity to the transmitter (UE). This may be undesirable, as it leads to data loss if UE does not retransmit when a transmission is not detected. Such an error case can be recovered by higher layers but at the cost of increased latency.
[bookmark: _Toc478143073]When SkipUplink is configured, relying only on UL grant for retransmission can result in that the UE is unaware of transmission failure.
In addition, asynchronous HARQ feedback has been agreed in RAN1#85 that "NR should support at least asynchronous hybrid ARQ in the DL and UL to avoid fixed timing relationship between initial transmission and re-transmission”. Given an asynchronous feedback for UL data, a UE retransmission does not have to be synchronized to the previous transmission. Feedback can be transmitted from gNB at any given time. To limit this uncertainty, a maximum feedback time T can be configured for UE to wait for feedbacks. This timer should be reset after a retransmission.
[bookmark: _Toc478143069]With asynchronous HARQ feedback, a maximum feedback timer T is configured for a UE to wait for feedback after an UL transmission. 
For example, when a retransmission timer T is configured for the UE, it can assume ACK, clear the buffer, and proceed to reuse the HARQ process for new data after the expiry of this timer.
[bookmark: _Toc478143074]If a UL grant for retransmission is not received, the UE could reuse the SPS UL HARQ process after some configurable time T.
During this maximum feedback time T, data has to be kept in the HARQ buffer in case that a UL grant for retransmission is received, and no new data can be transmitted on the same HARQ process. Hence, unless the UE is configured with multiple SPS UL HARQ processes it can’t send new data during T. 
[bookmark: _Toc478143075]If the UE is configured with only one SPS UL HARQ process it is prevented from sending new data until the time T after a transmission.
If new SPS UL transmissions is possible during the time T the latency can be reduced. Therefore, multiple SPS UL HARQ processes should be supported.
[bookmark: _Toc478022562][bookmark: _Toc478143070]Multiple HARQ processes are supported for SPS UL access.
[bookmark: _Toc478022563]However, in LTE SPS and fast UL framework with multiple HARQ processes, the HARQ ID is not indicated. Formulas have been specified (TS 36.321) to derive the HARQ ID from the absolute system frame number (SFN) and subframe number (which is known in both eNB and UE). In other words, the HARQ process ID is synchronized. As follows from the discussion above, this synchronicity restricts either gNBs flexibility in scheduling retransmissions, or UEs ability to send new data. A more flexible solution of process ID determination for SPS UL in NR would therefore be desirable. 
[bookmark: _Toc478022564][bookmark: _Toc478143071]RAN2 should investigate how HARQ process IDs for SPS UL are determined and used with asynchronous HARQ feedback.
Conclusion
In section 2 we made the following observations:
Observation 1	With UL grant-indicated feedback, UE assumes ACK unless a UL grant for retransmission is received.
Observation 2	When SkipUplink is configured, relying only on UL grant for retransmission can result in that the UE is unaware of transmission failure.
Observation 3	If a UL grant for retransmission is not received, the UE could reuse the SPS UL HARQ process after some configurable time T.
Observation 4	If the UE is configured with only one SPS UL HARQ process it is prevented from sending new data until the time T after a transmission.

Based on the discussion in section 2 we propose the following:
Proposal 1	Retransmission for SPS UL transmission based on a dynamic UL grant is supported.
Proposal 2	With asynchronous HARQ feedback, a maximum feedback timer T is configured for a UE to wait for feedback after an UL transmission. 
Proposal 3	Multiple HARQ processes are supported for SPS UL access.
Proposal 4	RAN2 should investigate how HARQ process IDs for SPS UL are determined and used with asynchronous HARQ feedback.
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