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Introduction
[bookmark: _Toc524946176]As enhancements to satisfy QoS for TSC traffic patterns, the new work item on NR-IIOT RP-190728 specifies among others the following objectives
· Support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE. [RAN2, RAN1].
· Support for shorter SPS periodicities than the existing ones [RAN2, RAN1].
In this contribution, under the assumption that both shorter SPS periodicities as well as simultaneously active DL SPS configurations per BWP of a UE are supported, we discuss the MAC impact of those enhancements. 
Discussion
According to current MAC specification TS 38.321, DL SPS occasions are determined as follows: 
Current specification:
After a downlink assignment is configured for SPS, the MAC entity shall consider sequentially that the Nth downlink assignment occurs in the slot for which:
(numberOfSlotsPerFrame × SFN + slot number in the frame) =
[(numberOfSlotsPerFrame × SFNstart time + slotstart time) + N × periodicity × numberOfSlotsPerFrame / 10] modulo (1024 × numberOfSlotsPerFrame)
where SFNstart time and slotstart time are the SFN and slot, respectively, of the first transmission of PDSCH where the configured downlink assignment was (re-)initialised.
However, with the enhancement of supporting short periodicity values smaller than slot, as proposed in our companion paper [1], the formula to determine the SPS occasions needs to be adjusted. Following the approach chosen for UL configured grant occasions, the formula can be based on OFDM-symbols, with periodicity values also provided in OFDM symbols. An implementation example is shown below, aligned with formula for NR UL configured grant:
Proposal for Rel-16:
After a downlink assignment is configured for SPS, the MAC entity shall consider that the downlink assignments recurs associated with each symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), for all N >= 0.
where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission of PDSCH where the configured downlink assignment was (re-)initialised.

Similarly, the formula to determine the HARQ process ID for DL SPS (as shown below in current form) must be adjusted i.e. remapped towards OFDM symbol level. The current formula is shown below:
Current specification:
For configured downlink assignments, the HARQ Process ID associated with the slot where the DL transmission starts is derived from the following equation:
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].
[bookmark: _Toc3301160][bookmark: _Toc3301202][bookmark: _Toc3301520]When it comes to HARQ process ID determination and considering multiple active DL SPS configuration simultaneoulsy are concerned, another important aspect needs to be considered: do these configurations share the same HARQ process pool or not? Assuming that configured resources do not overlap e.g. due to different activation times and the same periodicity, whether the same HARQ process pool is used or not has an impact on the time until a HARQ process recurs i.e. determines the HARQ RTT. The following table exemplifies the issue: when taking the first two configurations into account below, the HARQ RTT would only be 7symbols! To solve this issue, i.e. to separate the HARQ process pools of the two configurations, a HARQ process ID offset should be defined per configuration, similarly as in LTE UL SPS. Utilizing such offset is shown in the table in the configuration of the bottom row.
Table 1: Multiple SPS configurations with and without HARQ process ID offset.
	Symbol
	0
	7
	14
	21
	28
	35
	42
	HARQ RTT

	CFG1
Period 14
Procs 2
Offset 0
Start 0
	P0
	-
	P1
	-
	P0
	-
	P1
	28symbols
if only this CFG

	CFG2a
Period 14
Procs 2
Offset 0
Start 7
	-
	P0
	-
	P1
	-
	P0
	-
	7symbols
(with CFG1)

	CFG2b
Period 14
Procs 2
Offset 2
Start 7
	-
	P2
	-
	P3
	-
	P2
	-
	28symbols
(with CFG1)



Taking both symbol-level calculation and HARQ process ID offset into account leads to the following proposed specification of the HARQ ID determination.
Proposal for Rel-16:
For configured downlink assignments, the HARQ Process ID associated with the first symbol of a DL transmission is derived from the following equation:
HARQ Process ID = [floor (CURRENT_symbol/ periodicity)] modulo nrofHARQ-Processes +harqProcessIdOffset
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 [8].
In conclusion we propose:
[bookmark: _Toc3464825][bookmark: _Toc4581924][bookmark: _Toc4680549]Formulas to determine DL SPS assignment occurance as well as HARQ process ID to use should be based on OFDM-symbols to support sub-slot DL SPS periodicities.
[bookmark: _Toc785812][bookmark: _Toc870434][bookmark: _Toc892337][bookmark: _Toc892475][bookmark: _Toc1070021][bookmark: _Toc1070056][bookmark: _Toc1071232][bookmark: _Toc1071263][bookmark: _Toc1072164][bookmark: _Toc1072246][bookmark: _Toc1072423][bookmark: _Toc2756442][bookmark: _Toc3299799][bookmark: _Toc3301161][bookmark: _Toc3301203][bookmark: _Toc3301521][bookmark: _Toc3464826][bookmark: _Toc4581925][bookmark: _Toc4680550]HARQ process ID offset per DL SPS configuration is configurable to determine HARQ process ID.

When DL SPS periodicities are multiples of each other and not activated at different point in times, or not multiples of each other, the DL SPS assignment occasions may overlap in time. How should the UE react in this case when multiple DL SPS assignments are valid at this point in time? 
For LTE UL SPS, this case is explicitly left undefined. For deterministic behavior, the eNB could anyway send a dynamic grant, which would override the multiple overlapping UL SPSs grants. This way the overlapping case among the UL SPS grants is avoided. 
It is currently unclear, whether enhancements to this behaviour are needed when it comes to overlap handling for multiple DL SPS configurations. We believe that the same approach could be taken for DL SPS in NR, i.e. whenever an overlap occurs between multiple DL SPS assignments (of which the gNB is naturally aware of), the gNB could just provide an overlapping dynamic DL assignment, which is prioritized according to the current specification over any DL SPS configured assignment. In contrast to the NR discussion on UL Intra-UE multiplexing when multiple UL configured grants are available and selection on a grant can be determined based on LCH priorities, in DL there is no LCP at all, to which assignment selection could be based on.
[bookmark: _Toc4581926][bookmark: _Toc4680551][bookmark: _GoBack]Discuss whether overlapping case of multiple DL SPS configurations should be addressed.
Conclusion
[bookmark: _Toc528850436][bookmark: _Toc528850447][bookmark: _Toc528850496][bookmark: _Toc528850518][bookmark: _Toc528853699][bookmark: _Toc785813]Based on the discussion above, we propose the following:
Proposal 1	Formulas to determine DL SPS assignment occurance as well as HARQ process ID to use should be based on OFDM-symbols to support sub-slot DL SPS periodicities.
Proposal 2	HARQ process ID offset per DL SPS configuration is configurable to determine HARQ process ID.
Proposal 3	Discuss whether overlapping case of multiple DL SPS configurations should be addressed.
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