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1. Introduction
In RAN2#105 meeting, a TP on supporting TSN traffic has been agreed[1]. Some information is as following:

	Multiple TSN flows in a single TSN device
	As captured in section 6.5.1, a single UE may need to handle “multiple periodic streams, of different periodicities, of critical priority, for example multiple TSN streams coming from different applications”. Therefore, a solution to serve multiple TSN traffic flows in a single UE may be required.
	In order to serve multiple TSN flows simultaneously, it is beneficial to support multiple Configured Grant as well as SPS configurations in the single UE, for a given Bandwidth Part of a serving cell.


In this paper, we will discuss the issue about the HARQ process calculation to support multiple active configured grants.
2. Discussion
During the SI phase, an email discussion has been triggered to discuss the issues on supporting multiple TSN traffics. Majority of companies see support for multiple DL SPS configurations beneficial. In the related TP [1] agreed in RAN2#105bis meeting, RAN2 has identify supporting multiple Configured Grant as well as SPS configurations in the single UE for a given Bandwidth Part of a serving cell as the potential solutions to service multiple TSN traffics.
Observation 1: Supporting multiple active semi-persistent resource configurations per BWP for both UL and DL has been agreed during SI phase.

In NR, multiple CG/SPS for the same cell is not supported. For a CG/SPS configured in one cell, the available HARQ processe IDs are reserved via nrofHARQ-Processes indicated by RRC. For each configured grant/semi-persistent grant, the corresponding HARQ process is calculated by the following equations：

	· For configured uplink grants:

HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes

where CURRENT_symbol=(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211.

· For configured downlink assignments:

HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes

where CURRENT_slot = [(SFN × numberOfSlotsPerFrame) + slot number in the frame] and numberOfSlotsPerFrame refers to the number of consecutive slots per frame as specified in TS 38.211 [8].


In R16, multiple active CG/SPS can be configured in a BWP of one serving cell. If we still follow the same equation above, the same UL HARQ process ID may be associated to the adjacent resources allocated by different UL CG configurations, which reduces the resource efficiency. For example, if transmission is performed via a HARQ process by using configured grant belonging to one CG configuration, this HARQ process will cannot be used by the configured grant belonging to another CG configuration as the configuredgrantTimer for this HARQ process is running. The same issue exists in DL if multiple active SPS configurations are applied.

Observation 2: When multiple active CG/SPS configurations are applied, reuse the HARQ process ID calculation formulas in R15 will result in HARQ process ID collision among different activated CG/SPS configurations, which reduces the resource efficiency.
To solve this issue, we need to introduce an offset per configuration so that different UL/DL configurations use different HARQ process pools. The similar method has been adopted in LTE to support multiple active UL SPS configurations, which can refer to the Annex.
Proposal: An offset per configured grant/SPS configurations is added in the HARQ process ID equation.

3. Conclusion

In this contribution, we discussed the issue about the HARQ process calculation to support multiple active configured grants. The related observations and proposals are as following:

Observation 1: Supporting multiple active semi-persistent resource configurations per BWP for both UL and DL has been agreed during SI phase.

Observation 2: When multiple active CG/SPS configurations are applied, reuse the HARQ process ID calculation formulas in R15 will result in HARQ process ID collision among different activated CG/SPS configurations, which reduces the resource efficiency.
Proposal: An offset per configured grant/SPS configurations is added in the HARQ process ID equation.
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5. Annex
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5.4.1
UL Grant reception

For configured uplink grants with harq-ProcID-offset, the HARQ Process ID associated with this TTI is derived from the following equation for asynchronous UL HARQ operation:

-
if the TTI is a subframe TTI:

-
HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalUL)] modulo numberOfConfUlSPS-Processes + harq-ProcID-offset,
where CURRENT_TTI = [(SFN * 10) + subframe number] and it refers to the subframe where the first transmission of a bundle takes place.

-
else:

-
HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalUL-sTTI)] modulo numberOfConfUlSPS-Processes-sTTI + harq-ProcID-offset,

where CURRENT_TTI = [(SFN * 10 * sTTI_Number_Per_Subframe) + subframe number * sTTI_Number_Per_Subframe + sTTI_number] and it refers to the short TTI occasion where the first transmission of a bundle takes place. Refer to 5.10.2 for sTTI_Number_Per_Subframe and sTTI_number. For NB-IoT, for configured uplink grants for BSR, the HARQ Process ID is set to 0.

