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1. Introduction
In the RAN#83, the WI on “Support of NR Industrial Internet of Things (IoT)” was approved [1]. Following objectives are related to the scheduling enhancements for TSC traffic.
	3. The detailed objectives for NR TSC-related enhancements include:
· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including 
· Support of provisioning, from Core Network to RAN and between RAN nodes (e.g. upon handover), of UE’s TSC traffic pattern related information such as message periodicity, message size, message arrival time at gNB (DL) and UE (UL) [RAN3].
· 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].
· Address support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, as captured in TR 38.825, section 6.5.2. [RAN2, RAN1].



This paper discusses the SPS enhancements for TSC traffic including multiple SPS configurations for a given BWP, the shorter SPS periodicities and possible solutions to address the mismatch between the TSN message periodicities and NR supported CG/SPS periodicities. 
2. Discussion
2.1. Multiple active SPS configurations for a given BWP
One of the main motivations to support multiple active SPS configurations for a given BWP of a UE is to support multiple periodic TSN traffic flows. In addition, as discussed in [2] during the SI, multiple SPS configurations with different time-domain starting offsets can also be beneficial to address the misalignment between the TSC message periodicity and SPS configuration periodicity. This is same as the second motivation to support multiple active UL SPS configurations as agreed in RAN1 for reducing the transmission time alignment delay and ensuring the reliability. Since multiple SPS configurations will be specified in the IIOT WI, we propose to focus on using multiple active SPS configurations to support different TSC traffic types and to reduce the TSC traffic transmission misalignment delay caused by periodicity mismatch between the SPS configuration and TSC traffic. 
Observation 1:	multiple active SPS configurations can be used to mitigate the mismatch between TSN periodicity and SPS periodicity.
In the following, we will discuss the support for multiple SPS configurations for a given BWP from higher layer perspective. 
Higher layer configurations
For the multiple active SPS configurations for a given BWP, the maximum number of SPS configurations for a given BWP should be determined. In general, the deterministic TSC message flow is bi-directional. For UL, considering the maximum number of configured SR resource per BWP of a cell is 8, 8 can be the maximum number for SPS configurations for a given BWP of a UE. Therefore, following is proposed: 
Proposal 1:	The maximum number of SPS configurations for a given BWP of a serving cell in the specification is at most 8. 
To support different TSC traffic types running simultaneously at the UE side, it is natural that most of the parameters should be configurable among multiple SPS configurations separately since different TSC traffic types have different requirements and traffic patterns including the traffic arrival time/periodicity, packet size, target BLER, etc. 
To reduce the impacts of jitter delay by multiple configurations, on one hand, it is not always necessary to allow full configurability. For example, the parameters such as MCS table, periodicity, etc, can be common across configurations. On the other hand, at least the time-domain starting offset should be different among configurations. It is very useful to study the RRC signaling overhead reduction considering the oversized RRC signaling for NR [3]. For example, instead of configuring each parameter for each configuration, ‘delta-like’ parameter(s) can be introduced for parameters among configurations having some regularity such as the “time-domain starting offset gap”, “DMRS configuration/sequence gap”, if it is introduced/defined. By this, it is possible to treat the multiple configurations as one configuration set or one configuration group. Fig.1 gives an example, in which with the same SPS configuration group, most parameters can be common for all configurations; across the SPS configuration group, all parameters can be separately configured to accommodate different TSC traffic types.  
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Fig. 1	Concept of SPS configuration group.

Proposal 2:	introduce a concept of SPS configuration group and UE can be configured with one or more SPS configuration group. 
Proposal 2a:	 within a SPS configuration group, UE can be configured with one or more SPS configurations. Multiple SPS configurations is used to reduce the impact of jitter delay. At least the time-domain starting offset is different for different SPS configurations.
Proposal 2b:	 cross SPS configuration groups, multiple SPS configuration groups is used to support different TSC traffics. Parameters for SPS configuration(s) should be configured separately across the groups.

When multiple SPS configuration groups are configured/active, introducing a configuration group index for each SPS configuration group is a straightforward way to manage and differentiate different SPS configuration groups. This configuration group index can also be used in the activation/deactivation DCI to indicate which configuration group is activated/deactivated. Another way is to introduce multiple RNTIs that are associated to different SPS configuration groups; however, it is expected that large number of RNTIs will be consumed in the cell, causing RNTI capacity shortage. Therefore, former way is preferred. 
UE and gNB should have common understanding on which HARQ process ID is assigned to a SPS PDSCH. In Rel.15, 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.

For Rel.16 multiple active SPS configurations, UE may transmit a SPS PDSCH based on one of the SPS configurations. Even if the SPS resource and/or DMRS sequence is unique for the SPS configuration, if the HARQ process ID pool is shared among multiple SPS configuration groups, HARQ process ID can be unclear depending on the CURRENT_slot, periodicity, and nrofHARQ-Processes. In LTE HRLLC, this was resolved by defining nrofHARQ-Processes and HARQ ID offset per SPS configuration, and modify the above equation as following:
HARQ Process ID = 
[floor(CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes + harq-procID-offset,
where harq-procID-offset is an integer to provide a fixed offset for ID determination for the given SPS configuration group. nrofHARQ-Processes is also per SPS configuration group. By these change, HARQ process ID for each SPS configuration group can be chosen from a sub-pool of HARQ process IDs. 
Proposal 3:	A configuration index should be introduced for each SPS configuration group to manage and distinguish the configuration groups.
Proposal 4:	nrofHARQ-Processes should be configured per SPS configuration group and a HARQ Process ID offset should be introduced per SPS configuration group.

Physical layer aspects 
For SPS, L1 signalling is needed to activate/deactivate the transmission. In Rel.16, which configuration(s) or configuration group is/are activated/deactivated needs to be indicated in the activation/deactivation signalling. This aspect needs RAN1 discussion. 
2.2. SPS with shorter periodicity compared to the existing one
In Rel.15, the minimum periodicity for SPS configuration is 10ms. While for UL configured grant configuration, the minimum periodicity can be 2 symbols, exact value depends on the SCS, ranging between ~18us and ~143us. According to TS 22.104 Table 5.2-1, the period for SPS can be as low as 0.5ms. Therefore, SPS periodicity should at least support the periodicity of 0.5ms, which is 7 symbols for SCS of 15KHz and 1 slot for SCS of 30KHz. Whether the periodicity for SPS shorter than one slot for all SCS such as 2-symbol periodicity may need to consult with RAN1 on the feasibility. From In addition, currently a UE does not expect to be indicated to transmit HARQ-ACK information for more than one SPS PDSCH receptions/release in a same PUCCH. To support multiple SPS configurations and shorter SPS periodicities, it is inevitable that HARQ-ACK for more than one SPS PDSCH receptions/release in a same PUCCH will happen. How to resolve it depends on RAN1 discussion. 
Proposal 5:	at least the periodicity of 0.5ms should be supported for SPS configuration. 
Proposal 6:	Send LS to RAN1 to ask whether it is feasible to support SPS periodicity as low as two symbols from the UE processing capability and HARQ-ACK feedback perspective.
2.3. Mismatch between TSN periodicity and CG/SPS periodicity 
Regarding the periodicity misalignment between the TSN periodicity and CG/SPS periodicity, as summarized in [2], following solutions could potentially help in resolving or mitigating the issue:
· Option 1: Adjustment of SPS/CG resource by RRC reconfiguration (as per current specification)
· [bookmark: _Hlk944152]Option 2: Usage of short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof (for SPS, support for shorter periodicities than those available in Rel-15 may be required)
· Option 3: More efficient adjustment of SPS/CG resource timing in the UE as compared to RRC reconfiguration, e.g. based on network configuration or dynamic network signalling and which could be based on knowledge of TSN traffic pattern
· Option 4: Applying de-jittering buffer at the edges of 5G system
Among above options, as we discussed in section 2.1, option 2 is preferred since anyway the SPS with shorter periodicity and multiple SPS configurations will be specified, we can use them to mitigate the issue.
Proposal 7: 	short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof can be used to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity.
2.4. Collisions between different SPS configurations/configuration groups
Currently, the collision handling between multiple active UL configured grant configurations is listed to be one collision case need to be handled in intra-UE multiplexing. During IIOT SI, before going to discuss the collision case among multiple SPS configurations, we need to first agree on the support of multiple SPS configurations and SPS with shorter periodicities. Due to limited time in SI, we have not discussed the collision case for multiple SPS configurations.  However, this collision case is obvious as long as we are going to specify the multiple SPS configurations and SPS with shorter periodicities. It is same as the collision case for multiple configured grant configurations, if NW can avoid the SPS collision by configuration, then same method can be applied to UL configured grant. However, we do not think it can be well handled by gNB if CA/DC is configured for the UE; in addition, using deactivation/activation signalling involves PDCCH overhead/blocking issues and UE may miss detect the deactivation/activation signalling. We understand this collision case has not been discussed in SI and the time for WI is quite limited. To reduce the specification efforts, before precluding this collision case, it is preferred to check whether the solutions discussed/agreed for other collision case like dynamic PDSCH v.s. dynamic PDSCH, collisions involving multiple UL configured grant configurations can be applied to the collision case involving multiple SPS configurations. 
Proposal 8:	to reduce the specification efforts, discuss collisions involving multiple SPS configurations after solutions are identified for other collision scenarios.

2. Summary and proposal
In summary, the followings were observed and proposed to enhance SPS mechanism for TSC traffic:
Observation 1:	multiple active SPS configurations can be used to mitigate the mismatch between TSN periodicity and SPS periodicity.
Proposal 1:	The maximum number of SPS configurations for a given BWP of a serving cell in the specification is at most 8. 
Proposal 2:	introduce a concept of SPS configuration group and UE can be configured with one or more SPS configuration group. 
Proposal 2a:	 within a SPS configuration group, UE can be configured with one or more SPS configurations. Multiple SPS configurations is used to reduce the impact of jitter delay. At least the time-domain starting offset is different for different SPS configurations.
Proposal 2b:	 cross SPS configuration groups, multiple SPS configuration groups is used to support different TSC traffics. Parameters for SPS configuration(s) should be configured separately across the groups.
Proposal 3:	A configuration index should be introduced for each SPS configuration group to manage and distinguish the configuration groups.
Proposal 4:	nrofHARQ-Processes should be configured per SPS configuration group and a HARQ Process ID offset should be introduced per SPS configuration group.
Proposal 5:	at least the periodicity of 0.5ms should be supported for SPS configuration. 
Proposal 6:	Send LS to RAN1 to ask whether it is feasible to support SPS periodicity as low as two symbols from the UE processing capability and HARQ-ACK feedback perspective.
Proposal 7: 	short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof can be used to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity.
Proposal 8:	to reduce the specification efforts, discuss collisions involving multiple SPS configurations after solutions are identified for other collision scenarios.
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