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1. Introduction
In RAN2 #105bis meeting, the following agreement about multiple CG/SPS configurations was made [1]:
	· When multiple UL CG or DL SPS configurations is configured, an offset for each configuration is needed for the calculation of the HARQ process ID


In this contribution, we will discuss how to determine the HARQ process ID for a CG/SPS occasion, by considering the recent agreement. Compared with the paper submitted to the last meeting, several explicit proposals are added to replace the previous proposal 2.
2. Discussion
It is agreed an offset for each CG or SPS configuration is needed for the calculation of the HARQ process ID. Further consideration would be whether such offset is an explicit RRC parameter provided by the network, or can be implicitly derived from some other parameters. We will discuss and compare below two options.

Option-1: An offset parameter is explicitly configured for each CG/SPS configuration. In LTE HRLLC, several UL CG configurations can be configured to serve a specific service, and an explicit RRC parameter ‘harq-ProcID-Offset’ is configured for each UL CG configuration. When it comes to NR R16, we think the same method can be reused. 
Option-2: Offset is implicitly derived from other parameters, such as configuration index and reserved number of HARQ processes, i.e. ‘nrofHARQ-Processes’, for the CG/SPS configuration. For example, the offset for a specific configuration can be the sum of the reserved number of HARQ processes for other configurations that has smaller configuration indexes than the index of this specific configuration.
Since configuration index and reserved number of HARQ processes are inherent for each CG/SPS configuration, the main benefit of option-2 is that an explicit offset parameter won’t be needed in the unicast RRC reconfiguration message. However, this offset parameter only needs to indicate few values, e.g. from 0 to 15, and few bits are enough. The slight improvement in signalling overhead can be negligible, especially for unicast RRC messages. 
Besides, option-1 can provide more flexibility to the usage of HARQ processes than option-2. Through option-1, different CG/SPS configurations can be flexibly configured with the same or different HARQ offsets. On the contrary, through option-2, the derived offsets of different CG/SPS configurations will be different, which means different HARQ processes should be reserved for different CG/SPS configurations. 
As agreed in RAN1 #95 meeting, multiple active configured grant configurations for a given BWP should be supported for e.g. enhancing reliability and reducing latency. The intention is to configure and activate multiple CG configurations for a TSC service with stringent performance requirements, while the arrival time of messages may bear some jitters. These CG configurations have the same periodicity but different time offsets. As shown in the following Fig.1, three CG configurations are configured for a TSC service. Each time when a TSC packet arrived, the most appropriate CG occasion from three CG occasions belonging to different configurations will be used. In this scenario, the same HARQ processes can be reserved for the three CG configurations, and HARQ offsets can be identical. This can be implemented through option-1, but cannot through option-2. 
Considering the benefits and drawbacks of the two options, we propose a ‘harq-ProcID-Offset’ is explicitly configured for each CG or SPS configuration, i.e. option-1.
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Fig.1 Illustration of multiple CG configurations for a TSC service
Proposal 1: A ‘harq-ProcID-Offset’ is explicitly configured for each CG or SPS configuration. 
When a ‘harq-ProcID-offset’ is configured for each CG/SPS configuration, the method to determine the HARQ process ID for a CG occasion with harq-ProcID-offset in LTE can be reused. For a CG occasion, the HARQ process ID associated with this UL grant can be derived from the following equation:

HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset
Where CURRENT_symbol = (SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot) is the index of the first symbol of the CG occasion within the SFN, and harq-ProcID-offset is the offset parameter configured for the CG configuration which the CG occasion belongs to. 
Proposal 2: For a CG occasion, the HARQ process ID associated with the first symbol of this UL grant can be derived from the following equation:

HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset.
In NR R15, the periodicity of an SPS configuration is in unit of milliseconds. In RAN2 #105bis meeting, it was agreed to support short SPS periodicities, at least down to 0.5 ms. According to [2], RAN1 discussed the feasibility of support of shorter periodicities for DL SPS, it is feasible to support periodicity down to 1 slot. But RAN1 will further investigate whether or not it is feasible to support periodicities short than 1 slot for SPS. Thus, if the periodicity of an SPS configuration is agreed to be in unit of symbols, the HARQ process ID associated with an SPS occasion can be derived from the following equation:

HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset
Where CURRENT_symbol = (SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot) is the index of the first symbol of the SPS occasion within the SFN, and harq-ProcID-offset is the offset parameter configured for the SPS configuration that the SPS occasion belongs to.

However, if the periodicity of an SPS configuration is agreed to be in unit of slots, the HARQ process ID associated with an SPS occasion can be derived from the following equation:
HARQ Process ID = [floor (CURRENT_slot / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset
Where CURRENT_slot = [(SFN × numberOfSlotsPerFrame) + slot number in the frame] is the index of the first slot of the SPS occasion within the SFN, and harq-ProcID-offset is the offset parameter configured for the SPS configuration that the SPS occasion belongs to.
Proposal 3: For a SPS occasion, if the periodicity is in unit of symbols, the HARQ process ID associated with the first symbol of this DL assignment can be derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset.
Proposal 3a: For a SPS occasion, if the periodicity is in unit of slots, the HARQ process ID associated with the first slot of this DL assignment can be derived from the following equation:

HARQ Process ID = [floor(CURRENT_slot/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset.
3. Conclusion
In this contribution, we discussed the determination of the HARQ process ID for a CG/SPS occasion, and the following proposals were made:
Proposal 1: A ‘harq-ProcID-Offset’ is explicitly configured for each CG or SPS configuration. 
Proposal 2: For a CG occasion, the HARQ process ID associated with the first symbol of this UL grant can be derived from the following equation:

HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset.
Proposal 3: For a SPS occasion, if the periodicity is in unit of symbols, the HARQ process ID associated with the first symbol of this DL assignment can be derived from the following equation:

HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset.
Proposal 3a: For a SPS occasion, if the periodicity is in unit of slots, the HARQ process ID associated with the first slot of this DL assignment can be derived from the following equation:

HARQ Process ID = [floor(CURRENT_slot/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset.
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