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1. Introduction
In  RAN2#93 meeting, eMTC stage 3 CRs were finalized and sent to RAN#71 for approval. One important change in MAC specification is the introduction of UL asynchronous HARQ, which is required by eMTC devices (i.e., BL UEs or UEs in enhanced coverage) (see [1]). 

In RAN1#83 meeting, it was also agreed that eMTC devices should support SPS, both in DL and UL. However, it is our understanding that the support of UL SPS needs additional specification changes due to the new UL asynchronous HARQ operation.
2. Discussion
In legacy LTE, synchronous UL HARQ is used. There is no need to explicitly signal the HARQ process ID. The initial transmission and retransmissions pertaining to the same process are related by known time relationships.

For BL UEs or UEs in enhanced coverage, asynchronous UL HARQ is used. The HARQ process ID needs to be signaled to relate the initial transmission and the retransmissions. It was agreed to have the HARQ process ID included in the UL grant (DCI message), for initial transmission and retransmissions.

However, with SPS feature, semi-persistent resources are allocated through configured UL grants without per-grant DCI message. These configured grants are used for initial transmission. In order to ask for retransmissions, the eNB needs to send a dynamic UL grant (DCI message) referring to the HARQ process ID used for the initial transmission.
It was agreed in RAN1 that for the UL SPS activation DCI, HARQ process number is reserved (this contributes to reduce the false activation rate), similarly to legacy behavior for DL SPS activation.

Hence there is a need for the eNB to know the HARQ process ID used by the UE on a given configured grant.
Similarly to what is implemented for DL, we propose that:

· A number of UL HARQ processes are configured for SPS, by RRC configuration
· The UL HARQ process ID to be used (among the number of configured processes) is derived from the current TTI 
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Number of configured processes for SPS
A single process could be used, however, as shown in Figure 1, this would limit the timeline for retransmissions to the SPS period. As soon as the retransmissions need to overlap a new SPS period, several UL HARQ processes are needed.

Using all processes for SPS may not be desirable as well, since this would limit/complicate the possibility for the eNB to send dynamic UL grants for new transmission in addition to the configured SPS resources.

For DL SPS, the number of processes reserved can be configured by RRC when setting up DL SPS, in SPS-ConfigDL IE:


numberOfConfSPS-Processes


INTEGER (1..8),

It would be preferable to have the same level of flexibility for UL SPS, i.e., be able to configure between 1 and 8 processes.
It can be noted that with synchronous UL transmission, the number of processes used are linked to the SPS periodicity (10ms: 4; 20ms:2, 32ms: 4, 40ms:1; …).
Configured transmission HARQ Process ID determination

Similarly to DL, it is proposed that the HARQ Process ID for the configured transmission is linked to the TTI, with a common rule known by both the UE and the eNB. Each successive configured transmission should use the next configured HARQ Process ID. This can be realized by the following formula: 
HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalUL)] modulo numberOfConfUlSPS-Processes,

where CURRENT_TTI=[(SFN * 10) + subframe number].
Current TTI number determination
As for DL, the current TTI number used can be the absolute TTI number based on SFN and subframe number (no issue at SFN rollover as most SPS periods divide 10240, at least the smallest ones).
However, it is important to clarify which TTI is considered in the formula. There could be 2 alternatives: the TTI when the configured grant is delivered to the HARQ entity (indicated in dashes in Figure 1), or the TTI of the UL-SCH transmission.

In our understanding, the MAC specification in 5.4.1 mainly refers to UL-SCH transmission TTI (from expression such as “uplink grant received for this TTI”). So we propose that CURRENT_TTI refers to the TTI of the configured UL-SCH transmission.
In case repetitions are used, CURRENT_TTI should refer to the starting subframe of the repetition. According to RAN1 agreements, the actual transmission may be postponed in case the subframe is invalid; however for CURRENT_TTI determination, it is important to use the non-postponed starting subframe to correctly cycle through the HARQ Process IDs.
Interaction with dynamic scheduling
It seems there is no need to exclude dynamic scheduling from using the configured SPS processes. So, it is proposed that the configured SPS processes can also be used by dynamic scheduling. The mechanism should just provide a way to indicate which HARQ process ID is to be used for a configured transmission, but legacy operation should not be modified.
3. Conclusion 
In this contribution, we have discussed UL SPS issues when using asynchronous UL HARQ, and proposed a way forward. It is suggested to discuss and agree on the proposed solution.
Corresponding CRs are provided in [2] and [3].
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