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Introduction
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].
And RAN1-lead work item on eURLLC RP-190726 includes objectives:
· [bookmark: OLE_LINK17][bookmark: OLE_LINK2]Specification of enhanced UL configured grant transmission [RAN1, RAN2]
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]Multiple active configured grant type 1 and type 2 configurations for a given BWP of a serving cell  (Note: V2X use cases are also considered)

In previous RAN2 meeting, the following agreements were reached:
R2 assumes that the maximum number of active SPS configurations for a given BWP of a serving cell in the specification is 8 or 16 (FFS).
R2 assumes short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof could be used to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity. Other solutions not precluded, e.g. to address resource consumption. 
Will support “short” SPS periodicities, at least down to 0.5ms
Ask R1 on feasibility, and additionally the feasibility to go down to even lower values, e.g. 2 symb.  
R2 assumes that activation/deactivation is done by DCI. 
RAN1 should address activation/deactivation DCIs related with configured grant Type 2 and SPS in the case of multiple configurations
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 addition, RAN1 reached the following agreements related to UL configured grants:
	Agreements:
· Support separate RRC parameters for different configured grant configurations (for both type 1 and type 2 configured grants) for a given BWP of a serving cell.
· FFS whether or not some parameters can be common among different configured grant configurations 
Agreements:
· Support separate activation for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint activation in a DCI for two or more configured grant Type 2 configurations
· Support separate release for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint release in a DCI for two or more configured grant Type 2 configurations 



LS R2-1905234 was sent to RAN1, based on the above agreements RAN2 agreements. 
In this contribution, we discuss MAC impact and HARQ aspects of both DL SPS and UL CG. 
[bookmark: _Ref178064866]Discussion
0. DL SPS MAC impact and HARQ handling
For DL SPS, MAC specification TS 38.321 considers currently only slot granularity for formulas determining the SPS occasion as well as the HARQ process ID to be used. It was agreed to support at least 0.5ms periodicity, and left for RAN1 evaluation whether even lower periodicities such as 2 OFDM symbol should be supported. The formulas in MAC specification for DL SPS thus need to consider sub-slot granularity and for future-proofness, as well as alignment with UL CG formulas, it seems straight-forward to base those formulas for DL SPS on OFDM symbol granularity.
An example to determine DL SPS occassions 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.
[bookmark: _Toc3301160][bookmark: _Toc3301202][bookmark: _Toc3301520]When it comes to HARQ process ID determination and considering multiple active DL SPS configuration to separate the HARQ process ID pool, it had been agreed in RAN2#105bis to introduce a harqProcessIdOffset parameter.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][bookmark: _Toc5893503][bookmark: _Toc7526113][bookmark: _Toc7526124][bookmark: _Toc7526869][bookmark: _Toc7609325][bookmark: _Toc7683778][bookmark: _Toc7684765][bookmark: _Toc7685159][bookmark: _Toc7685861][bookmark: _Toc7685923][bookmark: _Toc7685935][bookmark: _Toc7697956][bookmark: _Toc7716862]Formulas to determine DL SPS assignment occurrences as well as HARQ process ID to use should be based on OFDM-symbols to support sub-slot DL SPS periodicities.
Furthermore, considering the scenario where 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: _Toc5893504][bookmark: _Toc7526114][bookmark: _Toc7526125][bookmark: _Toc7526870][bookmark: _Toc7609326][bookmark: _Toc7683779][bookmark: _Toc7684766][bookmark: _Toc7685160][bookmark: _Toc7685862][bookmark: _Toc7685924][bookmark: _Toc7685936][bookmark: _Toc7697957][bookmark: _Toc7716863]Discuss whether overlapping of multiple DL SPS configurations should be addressed.
0. UL CG HARQ process handling
In the last meeting, RAN2 has agreed that 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. The motivation to have an HARQ process ID offset for each configuration is to separate the HARQ process pools of the two configurations when multiple UL CG or DL SPS configurations are configured.
One further impact is that the definition of a HARQ process configured for a configured uplink grant. In NR Rel-15, the configured grant timer is introduced. The ConfiguredGrantTimer is used to prevent a new configured grant transmission of the same HARQ process. The timer only applies to the HARQ process if it is configured for a configured uplink grant.  In Rel-15, with single configuration, it is defined as below: 
	NOTE 2:	A HARQ process is configured for a configured uplink grant if the configured uplink grant is activated and the associated HARQ process ID is less than nrofHARQ-Processes.


With multiple configured grants, this needs to be changed to include all the HARQ process IDs defined for multiple configured grant configurations. One proposal can be as follow:
	A HARQ process is configured for a configured uplink grant if the associated HARQ process ID is larger and equal to HARQ-proc-Offset_i and small than HARQ-proc-Offset_i + nrofHARQ-Processes_i for an active configuration i in which HARQ-proc-Offset_i and nrofHARQ-Processes_i are the parameters for the configuration i.



[bookmark: _Toc4605611][bookmark: _Toc4605674][bookmark: _Toc4607328][bookmark: _Toc4675336][bookmark: _Toc4685731][bookmark: _Toc7296007][bookmark: _Toc7299232][bookmark: _Toc7448942][bookmark: _Toc7685863][bookmark: _Toc7685925][bookmark: _Toc7685937][bookmark: _Toc7697958][bookmark: _Toc7716864]Clarify the definition of HARQ process configured for configured grants in NOTE 2 of TS 38.321 clause 5.4.1.  
[bookmark: _Toc7716865][bookmark: _Toc7296008][bookmark: _Toc7299233][bookmark: _Toc7448943][bookmark: _Toc7685864][bookmark: _Toc7685926][bookmark: _Toc7685938][bookmark: _Toc7697959]A HARQ process is configured for a configured uplink grant if the associated HARQ process ID is larger or equal to HARQ-proc-Offset_i and smaller than HARQ-proc-Offset_i + nrofHARQ-Processes_i for an active configuration i in which HARQ-proc-Offset_i and nrofHARQ-Processes_i are the parameters for the configuration i.

In NR rel-15 discussion, there has been a discussion related with MSG3 protection. During the RACH procedure, MSG3 is sent on HARQ process 0. If a UE is configured with configured grant type 1 or type 2 (activated), there is risk that a new transmission on HARQ process 0 of the configured grant is triggered if the configured grant timer is not running. However, at the same time, the same HARQ process 0 is already occupied by MSG3 transmission. Therefore, the MSG3 on the HARQ process 0 may be flushed by a new transmission of the configured grant. 
[bookmark: _Toc7299331][bookmark: _Toc7615059]With the above proposal, as long as the HARQ-proc-Offset_i is not zero for any configuration, the configured grant will not use the process 0, and thus solve the issue related with MSG3. So, by configuring HARQ-proc-Offset not equal to zero for all configurations, the HARQ process 0 is not used by configured grants, and this can thus protect MSG3 (re)transmission. 

Conclusion
The following proposals have been made:
Proposal 1	Formulas to determine DL SPS assignment occurrences as well as HARQ process ID to use should be based on OFDM-symbols to support sub-slot DL SPS periodicities.
Proposal 2	Discuss whether overlapping of multiple DL SPS configurations should be addressed.
Proposal 3	Clarify the definition of HARQ process configured for configured grants in NOTE 2 of TS 38.321 clause 5.4.1.
	A HARQ process is configured for a configured uplink grant if the associated HARQ process ID is larger and equal to HARQ-proc-Offset_i and small than HARQ-proc-Offset_i + nrofHARQ-Processes_i for an active configuration i in which HARQ-proc-Offset_i and nrofHARQ-Processes_i are the parameters for the configuration i.
[bookmark: _In-sequence_SDU_delivery] 
