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1
Introduction
Asynchronous UL HARQ has been agreed to be used with reduced processing time operation for 1ms TTI based on the following agreement in [1]: 

Agreement:

· PHICH-less asynchronous HARQ for UL is used for 1 ms TTI with shortened processing time 
· For FS1 and FS2, bit fields are defined in the applicable DCI messages to indicate HARQ processes ID and RV 
· No change in FS3 asynchronous UL HARQ operation
At RAN1#89 [2], the further agreements related to the HARQ operation for shortened processing time where reached:

Agreement:

· For a UE configured with n+3 1ms TTI, synchronous UL HARQ is supported for UL transmissions with legacy processing time (n+4)
Agreement:

· The maximum number of UL HARQ processes for n+3 1ms TTI is the same as for n+4 1ms TTI

· FFS: In case the UE is configured also with sTTI

Agreement:

· The PUSCH UL HARQ processes of n+3 1ms TTI and n+4 1ms TTI are not shared

In this contribution, we discuss details on the DCI design to support asynchronous UL HARQ for reduced processing time operation for 1ms TTI.
2
UL grant details for N+3 PUSCH
At RAN1#86 [1], the details on asynchronous UL HARQ operation for FS3 have been completed with the following outcome: 

· A 4-bit HARQ ID is to be included in all UL DCI formats

· The HARQ ID indicates both HARQ processes/TBs in case of UL TM2

· A 2-bit RV ({0…3}) is included in DCI format 0A/4A indicating the applicable RV

· The RV is applicable to both TBs in case of UL TM2 scheduled with DCI format 4A

The design for the HARQ ID field (applicable to both TBs in case of UL TM2) and RV (same RV applicable to both TBs in case of UL TM2) could be directly used also for the asynchronous UL HARQ indication for reduced processing time operation for FS1 and FS2. The only difference one might consider is, that a maximum of 8 HARQ IDs (i.e. 3bit) will be needed for FS1 and FS2 in contrast to LAA, based on the RAN1#89 agreement noted above. 

New DCI formats scheduling PUSCH including the HARQ ID field and RV field for N+3 PUSCH operation will be needed and are denoted here with DCI format 0D (for UL TM1) and DCI format 4D (for UL TM2). The size of the new UL DCI format 0D (scheduling UL TM1 with N+3 processing time) will be therefore 5-6bits/~15% larger compared to the legacy DCI format 0. To reduce the number of blind decodes in legacy operation, the sizes of DCI Format 0 and DCI Format 1A are aligned. We therefore have either the options to try to align the size of DCI Format 0D with DCI Format 1A as well – or give up this advantage in terms of blind decoding and handle the issue otherwise. From simplicity point of view, we think that it would be advantageous to aligning the sizes of the new DCI format 0D with DCI format 1A as done for eLAA and DCI Format 0A.

Based on the agreement from RAN1#89 to support the same number of HARQ processes for N+3 as for legacy N+4 processing time, a HARQ ID field size of 3bits is needed. There are proposals to enable more HARQ processes in conjunction with shorter TTI operation [3], which might require a field size of 4 bits and which we discuss in our contribution [4]. Depending on the decision on the number of UL HARQ processes for shorter TTI operation, the size of the bitfield of 3 or 4bits should be aligned with the size required for shorter TTI operation (independently, if a UE is configured for shorter TTI operation or not) to enable the reuse of the new UL DCI formats 0D and 4D also for scheduling sPUSCH.
Overall, our discussions can be summarized in the following proposals: 

Proposal 1: Define DCI format 0D for scheduling UL TM1 with N+3 timing as well as DCI format 4D for scheduling UL TM2 with N+3 timing. The sizes of the new DCI format 0D should be aligned (by bit padding) to the size of DCI Format 1A.
Proposal 2: Include a single HARQ ID field to the UL DCI formats scheduling 1ms PUSCH with reduced processing time (DCI formats 0D/4D). The HARQ ID in case of UL TM2/DCI Format 4D applies to both UL HARQ processes. 

· FFS: the number of bits of the HARQ ID field (3 or 4 bits), depending on the number of supported UL HARQ processes for sTTI operation.
Proposal 3: Include a 2-bit RV field indicating the RV from the set {0,1,2,3} to the UL DCI formats scheduling 1ms PUSCH with reduced processing time (DCI formats 0D/4D). The indicated RV is applicable to both TBs in case of UL TM2/DCI format 4D. 
5
Conclusions
In this contribution, we discuss open issues in terms of UL grants for asynchronous HARQ operation for 1ms TTI. Based on the discussions in this contribution, the following observations and proposals are made:
Proposal 1: Define DCI format 0D for scheduling UL TM1 with N+3 timing as well as DCI format 4D for scheduling UL TM2 with N+3 timing. The sizes of the new DCI format 0D should be aligned (by bit padding) to the size of DCI Format 1A.
Proposal 2: Include a single HARQ ID field to the UL DCI formats scheduling 1ms PUSCH with reduced processing time (DCI formats 0D/4D). The HARQ ID in case of UL TM2/DCI Format 4D applies to both UL HARQ processes. 

· FFS: the number of bits of the HARQ ID field (3 or 4 bits), depending on the number of supported UL HARQ processes for sTTI operation.
Proposal 3: Include a 2-bit RV field indicating the RV from the set {0,1,2,3} to the UL DCI formats scheduling 1ms PUSCH with reduced processing time (DCI formats 0D/4D). The indicated RV is applicable to both TBs in case of UL TM2/DCI format 4D. 
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