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Introduction
In this paper, we discuss HARQ ID for UL transmission without grant. 

It has been agreed in the email discussion [90b-NR-34] that 
Agreements:
•        For UL transmission without UL grant, 
–       The HARQ ID for a TB should be the same during the repetitions and retransmissions if any.
–       The HARQ ID is at least determined by 
•        the number of HARQ processes in the configuration
•        the time-domain resource for the UL data transmission
  •   FFS: other factors such as frequency-domain resource, DMRS, repetition K dependency on initial transmission.
At the same time, RAN2 also has an email discussion [1] on the same topic. 

In this paper, we address FFS in the HARQ ID calculation. 
Discussion
Baseline
One remaining issue is on whether to include the repetition factor K in the HARQ ID calculation. This depends on how the resource configuration and the period are defined, but in general we should have a simple solution. 

In LTE, the HARQ ID is calculated as follows 
HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalUL)] modulo numberOfConfUlSPS-Processes
As it can be observed, if the period (i.e., semiPersistSchedIntervalUL) is larger than the total time duration of the repetition, we can have that “The HARQ ID for a TB should be the same during the repetitions” as per the agreement. This also simplifies the discussion on whether/how to incorporate K in the HARQ ID determination. 
Thus, to have a simpler HARQ ID determination, the period should be larger than the total time duration of the repetition, as shown below. In such a case, the HARQ ID calculation is independent from the repetition factor K. 
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The above rule is sufficient for eMBB traffic. It is also sufficient for periodic UL URLLC traffic. As a simple rule, the period above can be set to the periodicity of the traffic and the total time duration for repetition is equal to the latency-requirement in URLLC. An alignment of periodicity and offset can be achieved by network implementation or RRC signalling from UE similar to the SPS-AssistanceInformation in LTE.

From the summary of the email discussion [1], one proposal with a majority of companies’ support is that “From RAN2 perspective, a timer T is needed for the UE to wait for any HARQ feedback after an UL transmission on a HARQ process.”  If a timer T is introduced, then some further handling of the misalignment between the timer value and the HARQ ID determination should be studied. 
The relevant scenario is what to do at the time when the timer hasn’t expired, but the same HARQ ID appears according to the calculation rule. As one example, if assuming ACK is used, then UE should refrain from transmitting the new data on the same HARQ ID until the timer expires. But if assuming NACK is used, then it might be better to re-transmit autonomously on the allocated resource with the same HARQ ID. 
Further support for URLLC with aperiodic packet arrivals
Yet, the above approach does not prevent us to extend to support low latency requirement for URLLC with aperiodic arrivals.
In such a case, one should first try to reduce the period to equal to the time duration for repetition, as in the following.


If this is not sufficient for latency purpose, there have been some discussions to support a flexible starting time which can be shown useful to further reduce the latency between the time the transport block is ready and the time that an UL resource is available. We would like to further stress that a flexible starting time makes sense only the period is equal to the total time duration of the repetition. 
A flexible starting time is useful when the period is equal to the total time duration of the repetition. 



Note that, to support a flexible starting time, we need to cover the error cases in the above two figures that, for example, the initial transmission of the yellow TB is not confused with the last transmission of the blue TB. There have been proposals from companies on using different cyclic shifts in DMRS or different frequency-domain resources, which are also part of the FFS in the email discussion. In summary, some orthogonal resources, such as cyclic shifts in DMRS or different frequency locations, are needed to support flexible starting time.
To support this, we might be able to configure a separate ‘configuration/resource’ with different frequency locations and/or cyclic shifts, pending on the definition of “configuration/resource”. 
To support a flexible starting time, some orthogonal resources, such as cyclic shifts in DMRS or different frequency locations, can be allocated. 

Conclusion
In Section 3 we made to following observation: 
1. For UL transmission without UL grant, HARQ ID is not determined by repetition K
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