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Introduction
The following agreements have been reached in RAN1#89 ‎[1]:
	· If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signalling;
· If network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied; 
· RAN1 is discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary.


In this contribution, we discuss technical details of UL data transmission without grant in NR. 
[bookmark: _Ref178064866]Discussion
In SPS/grant-free transmission, the configured resources are in general reserved for fast uplink access. The retransmissions could be performed on dynamic granted resources, in which gNB has the possibility to modify the grant and free up the configured resources for new low-latency data. 
Retransmission for SPS/grant-free transmission based on an UL grant is supported.
Due to asynchronous HARQ feedback, UE does not have an exact timing for when to expect an UL grant for retransmission. It means that the feedback might be transmitted from gNB at any given time, and UE does not have a well-defined reference point for assuming no feedback is sent. To limit this uncertainty in NR, a maximum feedback time T can be explicitly configured for the UE to wait for feedback. 
Due to the lack of a PHICH-like channel in NR, the feedback has to be sent by PDCCH. But, to always send an explicit positive or negative feedback in PDCCH for each UL transmission induces a large signaling load in the downlink. For reduced load of the DL control channel, some feedback transmissions can be skipped without substantially degrading the UL transmission performance. If the gNB fails to decode the UL transmission, it sends UL grant to UE for retransmission. UE can interpret the HARQ feedback from whether the UL grant is received or not. Since the UL BLER value usually would be kept within a small value, this procedure saves most of signaling overhead for feedback.
A feedback time T can be explicitly configured for the UE to wait for feedback. A UL transmission is considered successful if no feedback is received within feedback time T. The specific design is up to RAN2.

If a maximum feedback time T is configured for the UE, it can proceed to reuse the HARQ process for new data after this time. During this maximum feedback time T, data must be kept in the HARQ buffer in the case an UL grant for retransmission is received, and no new data can be transmitted for the same HARQ process. On the other hand, multiple HARQ processes can be used to transmit the new data while waiting for maximum feedback time T. This enables for low latency and improved throughput of SPS/grant-free UL transmission.
Multiple HARQ processes are needed for SPS/grant-free transmission

[bookmark: _Toc478022563]In LTE SPS and fast UL framework with multiple HARQ processes, the HARQ PID is not indicated. Formulas have been specified (TS 36.321) to derive the HARQ PID from the absolute system frame number (SFN) and subframe number (which is known in both eNB and UE). In other words, the HARQ PID is synchronized, and eNB and UE are in-sync on which process ID to use on each TTI. 
However, this synchronicity restricts both gNB’s flexibility in scheduling retransmissions and UE’s ability to send new data. Typically, the retransmission is on the next TTI that has the same HARQ PID as the initial transmission according to the formula. The retransmission can also be dynamically scheduled in another TTI, but the TTI that has the HARQ PID as the initial transmission can’t be used and is thus wasted. 


Figure 1 Synchronized HARQ PID assignment is not efficient
A synchronized HARQ ID assignment for initial SPS/grant-free transmission is not efficient  

Therefore, a more flexible solution of process ID determination in NR is desirable. The most flexible approach is to let the UE incrementally select the HARQ PID to use and transmit this information together with the data. It is feasible to transmit HARQ PID in the UCI sent with the SPS/grant-free transmission.
One approach is to transmit the HARQ process IDs in the UCI. The UCI can be sent together with the data, but must be separately decoded by gNB. The UE can decide which HARQ process ID to use on its own. This is the most flexible approach. However, the UCI needs to be reliably decoded by gNB so that gNB can schedule the retransmission for the signalled process ID. It might be particularly important for data with high reliability requirement. This also puts a limitation on the number of bits in the UCI. Moreover, this extended and reliable UCI format may lead to extra overhead in SPS/grant-free configured with small data and mini-slots.
[bookmark: _Toc473562194][bookmark: _Toc473564415][bookmark: _Toc473565653]For SPS/grant-free transmission, HARQ PID can be transmitted in a UCI
Conclusion
In section 2 we made the following observations: 
1. A feedback time T can be explicitly configured for the UE to wait for feedback. A UL transmission is considered successful if no feedback is received within feedback time T. The specific design is up to RAN2.
A synchronized HARQ ID assignment for initial SPS/grant-free transmission is not efficient. 

Based on the discussion in section 2 we propose the following: 
1. Retransmission for SPS/grant-free transmission based on an UL grant is supported.
Multiple HARQ processes are needed for SPS/grant-free transmission
For SPS/grant-free transmission, HARQ PID can be transmitted in a UCI. 
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