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[bookmark: _Ref521334010][bookmark: _GoBack]Introduction
[bookmark: OLE_LINK4]According to the new WID of NR Industrial Internet of Things (IoT) approved in RAN#83[1], the following objectives related to NR TSC enhancement are specified:
	The detailed objectives for NR TSC-related enhancements include:
· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including 
· 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].



In this contribution, discussions on multiple simultaneous active SPS configurations, shorter SPS periodicities and support of TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities are provided.
Discussions
Multiple simultaneous active SPS configurations
As the WID agrees, multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE should be supported to support different traffic types or services and TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities. For parameter configurations among multiple SPS configurations, separate parameter configuration or common parameter configuration can be considered.  In discussion of enhanced UL configured grant transmission, the following has been agreed in Ran 1#96bis: 
	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 



Similar mechanisms used for multiple UL configured grant configurations (as discussed in our companion contribution [4]) can be applied for multiple DL SPS configurations: Separate parameter configurations among multiple SPS configurations targeting different services/traffic types while common parameter configurations except time domain starting position and DMRS among SPS configurations targeting TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities can be applied to reduce signaling overhead.
Proposal 1: Common parameter configurations except time domain starting position and DMRS can be applied among SPS configurations targeting TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities to reduce signaling overhead.
To activate multiple SPS configurations, there are two options to be discussed, i.e. separate activation for different DL SPS configurations and joint activation in a DCI for two or more DL SPS configurations. In RAN 1 #96bis [1], agreement has been achieved that separate activation should be supported and further study whether to support joint activation.
	Agreements:
· [bookmark: OLE_LINK751][bookmark: OLE_LINK752]Support separate activation for different DL SPS configurations for a given BWP of a serving cell.
· FFS whether or not to support joint activation in a DCI for two or more DL SPS configurations
· Support separate release for different DL SPS configurations for a given BWP of a serving cell.
· FFS whether or not to support joint release in a DCI for two or more DL SPS configurations 
Separate parameter configurations should be supported among SPS configurations for use case 1. Hence, separate (de-) activation should be supported. 



The activation/release method for different DL SPS configurations can also be aligned with activation/release for different configured grant Type 2 configurations. As discussed in [4], joint activation/release in a DCI for two or more configured grant Type 2 configurations for the case of enhancing reliability and reducing latency should be supported for the case of enhancing reliability and reducing latency to reduce DCI overhead. Hence, joint activation in a DCI for two or more SPS configurations should be supported for the case of TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities.  
Proposal 2: Activation/release method for different DL SPS configurations can be aligned with activation/release for different configured grant Type 2 configurations.
In order to jointly activate/release multiple configurations, DCI needs to indicate which configuration(s) are activated. As discussed in [4], it is proposed that DCI indicates one of the parameters configured for each configuration and all the configurations with the same value as indicated in DCI are activated/released. Similarly, multiple SPS configurations can be identified and activated/released by a new field in DCI (e.g. configuration index or group/activation index) or by existing field in DCI (e.g. HARQ process ID offset, etc.). 
Proposal 3: Multiple SPS configurations can be identified and activated/released by a new field in DCI (e.g. configuration index or group/activation index) or by existing field in DCI (e.g. HARQ process ID offset, etc.).
Shorter SPS periodicities
The Rel-15 DL SPS mechanism supports a minimum periodicity of 10ms. This is much larger than the cyclic times proposed for URLLC. For instance, TR 22.804 describes cycle times as small as 0.5ms for motion control. As this cycle time consists of a controller sending a desired set point to an actuator (DL) and a sensor transmitting the current state of a process back to the controller (UL), at least a configured DL assignment every 0.5 would be required for a single UE. Considering that there are multiple UEs in a cell and if traffic arrives at the same time even shorter periodicities may be required. Agreements has been made that shorter SPS periodicities should be supported in RAN 2 #105bis [2]:
	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.  


For a Rel-15 configured UL grant, sub-slot periodicities of 2 and 7 symbols are possible. Therefore, it is necessary to provide similar periodicities for a configured DL assignment for periodic URLLC traffic, i.e. down to 2 symbols. As analyzed in [5], n*2, n*7, n*14 symbols can be supported for DL SPS to provide finer granularity, where n={1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 32, 40, 64, 80, 128, 160, 320, 640} .
Proposal 4: Rel-16 SPS/CG periodicity is defined as n*2, n*7, n*14 symbols with finer granularity of n in the lower range compared to Rel-15, where n={1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 32, 40, 64, 80, 128, 160, 320, 640} .
The main concern for RAN 2 to determine to support short periodicities is the feasibility in RAN 1’s aspect. From RAN 1’s perspective, other design aspects need to be considered if shorter periodicities are introduced in the DL. For instance the PUCCH overhead is significantly increased with a higher density of configured DL assignment receptions especially for symbol-level periodicity. 
The HARQ-ACK overhead can be reduced by a UE only transmitting a NACK. This is also beneficial for target BLER on the order of 10-4 or less since on average there is one NACK for every 10,000 PDSCH receptions. A UE may be optionally configured for NACK-only feedback. A PUCCH resource is provided by RRC signaling for NACK-only feedback corresponding to PDSCH received on a configured DL assignment. 
If the UE receives a PDCCH activating or deactivating a configured DL assignment, the PUCCH resource is selected according to the procedure for selecting a PUCCH resource when a PDSCH is scheduled by a PDCCH associated with the C-RNTI. Note that the UE behavior is similar to SR transmission. If PUCCH Format 0 is provided as the PUCCH resource for the DL assignment configuration, the UE is provided with a value m0 by the higher layer parameter initialCyclicShift of PUCCH Format 0 and the parameter mCS is set to 0. For PUCCH Format 1, the UE transmits the PUCCH by setting the bit b(0) = 1.
Proposal 5: Study means of reducing UL control overhead if much shorter periodicities are introduced for a configured DL assignment configuration.
Support of TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities
The periodicity of some TSC use cases is not in multiple of NR supported periodicities for SPS or configured grant. For instance, in smart grid use cases the periodicity of data packets to be sent is 1/60 Hz or 1/1200 Hz, i.e. 16.667ms or 0.833ms respectively. The misalignment between TSC periodicity and CG/SPS periodicity will increase latency. Thus, during IIoT study item phase, some of potential solutions have been identified in TR 38.825 as follows:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Adjustment of SPS/CG resource by RRC reconfiguration (as per current specification)
· 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)
· 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 signaling and which could be based on knowledge of TSN traffic pattern
· Applying de-jittering buffer at the edges of 5G system
For the first solution to adjust SPS/CG resource by RRC reconfiguration, it will introduce RRC adjustment latency which is unacceptable for time sensitive services. On the other hand, it may need frequent RRC signaling to update CG/SPS resource in order to align with the SPS periodicity. It’s not preferable.
Observation 1: Adjustment of SPS/CG resource by RRC reconfiguration will cause RRC adjustment latency and frequent RRC signaling.
For the second solution, the latency due to misalignment can be reduced with shorter SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof. It has been agreed to support shorter SPS/CG periodicities and/or multiple SPS/CG configurations in NR Rel-16.
Observation 2: Usage of short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof can be further studied to support TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities.
For the third solution, it is more efficient since it doesn’t need the gNB’s frequent signaling SPS/CG resource adjustment. It is based on the premise that the UE has the knowledge of how to adjust SPS/CG resource and can conduct SPS/CG configuration adjustment to align with the TSN traffic arrival. Moreover, gNB and UE should have the same understanding of time domain resource adjustment. UE should be informed how to adjust resource timing including how frequent the adjustment should be and how to change the starting offset. The adjustment knowledge is determined by TSC message periodicity and SPS periodicity for the current SPS/CG configuration. The adjustment knowledge is better to be signaled by network configuration than dynamic signaling to reduce DCI overhead. For example, a resource timing adjustment pattern is defined in the SPS/CG configuration. Once the SPS/CG configuration is activated, the resource timing adjustment pattern will work and adjust time domain starting offset periodically. The advantage of this solution is overhead saving and can be further studied.
Observation 3: Adjustment of SPS/CG resource timing in the UE based on knowledge of TSN traffic pattern can be a more efficient method. UE should be informed how to adjust resource timing including how frequent the adjustment should be and how to change the starting offset. It can reduce overhead and can be further studied.
The fourth solution to apply de-jittering buffer at the edges of 5G system is an application layer behavior. It should be handled by higher layers.
Observation 4: Applying de-jittering buffer at the edges of 5G system can be handled by higher layers.
Conclusions
This contribution discussed the extension of the Rel-15 DL SPS mechanism to support periodic DL URLLC traffic. The proposals are as follows:
Proposal 1: Common parameter configurations except time domain starting position and DMRS can be applied among SPS configurations targeting TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities to reduce signaling overhead.
Proposal 2: Activation/release method for different DL SPS configurations can be aligned with activation/release for different configured grant Type 2 configurations.
Proposal 3: Multiple SPS configurations can be identified and activated/released by a new field in DCI (e.g. configuration index or group/activation index) or by existing field in DCI (e.g. HARQ process ID offset, etc.).
Proposal 4: Rel-16 SPS/CG periodicity is defined as n*2, n*7, n*14 symbols with finer granularity of n in the lower range compared to Rel-15, where n={1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 32, 40, 64, 80, 128, 160, 320, 640} .
Proposal 5: Study PUCCH enhancement including HARQ-ACK codebook determination enhancement and HARQ-ACK overhead reduction for shorter DL SPS periodicities.
Proposal 6: study PUCCH enhancement including HARQ-ACK codebook determination enhancement and HARQ-ACK overhead reduction for shorter DL SPS periodicities.
Observation 1: Adjustment of SPS/CG resource by RRC reconfiguration will cause RRC adjustment latency and frequent RRC signaling.
Observation 2: Usage of short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof can be further studied to support TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities.
Observation 3: Adjustment of SPS/CG resource timing in the UE based on knowledge of TSN traffic pattern can be a more efficient method. UE should be informed how to adjust resource timing including how frequent the adjustment should be and how to change the starting offset. It can reduce overhead and can be further studied.
Observation 4: Applying de-jittering buffer at the edges of 5G system can be handled by higher layers.
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