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1 
Introduction

In RAN plenary meeting #83 the following TSC topics were agreed to be studied in the WID on “Support of NR Industrial Internet of Things (IoT)” [1]:
	RP-190728


	· Specify accurate reference timing delivery from gNB to UE using broadcast and unicast RRC signalling (with EUTRA Rel-15 signalling solution as baseline) for synchronization requirements defined in TS 22.104) [RAN2].

· 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].

· Specify Ethernet header compression based on structure-aware algorithm [RAN2].
· Ethernet header compression solution for LTE to be specified once the design principle for NR is agreed. The impacted LTE specifications to be added latest at RAN#85.


In RAN2#105bis meeting, the following agreements were reached [2]:
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Based on the above, an LS [2] was issued to RAN1 with three questions, including:
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This led to the following reply from RAN1 in RAN1#97 [3]: 
	Answer to Q3: RAN1 would like to inform RAN2 about following agreements made in RAN1#96bis. 
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 

Agreements:
· 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 

In addition, in RAN1#97, the joint release of multiple Type 2 CG configurations by a single DCI signalling was discussed and the following agreement was made. 

Agreements:

· Support joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell if the bit-length for indication which configurations released is no more than 4 bits and DCI size is not impacted by adopting joint release. 
· FFS details. 
So far, RAN1 didn’t discuss the feasibility of 

· Joint release of multiple SPS configurations by a single DCI signalling

· Joint activation of multiple SPS/Type 2 CG configurations by a single DCI signalling

RAN1 will inform RAN2 once the decisions on the corresponding aspects are made.



Besides, the following was agreed in RAN1#97 regarding the maximum number of active CG configurations [4]:
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In this contribution we discuss further details regarding the configuration, activation and release of multiple SPS configurations. Particularly we focus on the need of SPS configuration groups, and whether it is beneficial to support joint activation/release of multiple SPS configurations. 

2 
Details on multiple Semi-Persistent Scheduling configurations
Support for multiple active SPS configurations is one of the key objectives of the NR IIoT work item. In previous RAN2 meetings, there seemed to be strong consensus that multiple SPS configurations are beneficial for the following two use cases:

· Use case 1: to simultaneously support different requirements for various IIoT services. E.g. parallel and independent periodic flows transmitted to the same UE in the downlink direction.
· Use case 2: to mitigate the periodicity misalignment between the periodicity of the application and the SPS periodicity (e.g. application periodicity of 0.8333 ms, which is a non-integer-multiple of the SPS periodicities supported in NR).
Contrary to UL Configured Grants, SPS is not expected to be used for traditional URLLC type-of services where traffic is generally sporadic, and the data arrival times are unknown. This is because SPS for URLLC would result in increased UE complexity and power consumption without any additional benefits in terms of latency as compared to dynamic scheduling. 
2.1 RRC Configuration, activation and release
Release 15 SPS operation resembles the Type-2 CG in UL, i.e. it consists of an RRC configuration stage followed by activation DCI containing physical-layer parameters of the allocation. The RRC configuration message only conveys a small set of parameters, namely: periodicity, number of HARQ processes, PUCCH resource for HARQ-ACK and the reference MCS table; whereas most of the parameters are included in the activation DCI: MCS, transport block size, time- and frequency-domain allocation, etc.
For use case 1, we mainly target the support of different and independent services, e.g. independent TSC flows with potentially different transport block sizes, time offset, periodicities, reliability requirement (MCS), etc. As high configuration flexibility is required, independent RRC configuration as well as independent activation and release are preferred.
Observation 1: To support different downlink traffic flows within the same UE (e.g. having different payload sizes, time offset, periodicities and/or reliability requirements), independent RRC configuration of each SPS together with independent activation and release is required.
For use case 2, multiple SPS configurations may be used to better serve a single downlink traffic flow (e.g. with lower latency and/or with lower resource waste). In these cases, only a few parameters are expected to be different across configurations: at least the time domain offset, whereas a different frequency domain allocation could be also considered to e.g. increase frequency diversity. As these parameters are defined as part of the activation DCI, joint activation of N SPS configurations would require that either i) the activation DCI indicates N different time-domain allocations (this seems unlikely, given the limited number of bits in the DCI) or ii) a single time-domain allocation is signalled in DCI (as in current specs) but some rules or new fields are defined at RRC configuration level to allow the UE to determine the different time offsets of each of the activated SPS configurations. In our view, the latter option is related to the concept of SPS/CG configuration groups (e.g. as proposed in [5]), which allows to define both common parameters and independent parameters across multiple SPS/CG configurations. In this regard, we want to emphasize the following: 
Observation 2: The main motivation for SPS configuration groups is to facilitate joint activation of multiple associated SPS allocations and not for RRC overhead optimization as the SPS RRC configuration is quite small.
As use case 2 (serving applications with non-integer periodicities of those supported by NR) is not the main use case for multiple SPS configurations, and the fact that SPS configuration groups and joint activation is expected to require high standardization effort (including tight coordination across RAN1 and RAN2 WGs), we propose not to support joint SPS configuration/activation in Release 16.
Proposal 1: Do not support group-based SPS configuration nor simultaneous activation/release of multiple SPS configurations.
2.2 SPS Configuration indexing

Some type of indexing will be required to facilitate re-configuration as well as activation/release of individual or a subset of SPS configurations. Either an explicitly configured SPS-ID (e.g. as done for LTE V2X and LTE HRLLC) or an implicit ID (e.g. generated in increasing order of the SPS configuration) could be considered. Considering potential re-configuration of overall number of SPS configurations, we think that having an explicitly configured SPS-ID to be the more robust solution. 

Proposal 2: Support an explicitly configurable SPS-ID used for indexing a respective SPS configuration to facilitate re-configuration as well as the activation / release mechanisms at physical layer.  
3 
Conclusions

The following observations have been made in this paper:

Observation 1: To support different downlink traffic flows within the same UE (e.g. having different payload sizes, time offset, periodicities and/or reliability requirements), independent RRC configuration of each SPS together with independent activation and release is required.
Observation 2: The main motivation for SPS configuration groups is to facilitate joint activation of multiple associated SPS allocations and not for RRC overhead optimization as the SPS RRC configuration is quite small.
Based on the discussion and observations, the following is proposed:
Proposal 1: Do not support group-based SPS configuration nor simultaneous activation/release of multiple SPS configurations.
Proposal 2: Support an explicitly configurable SPS-ID used for indexing a respective SPS configuration to facilitate re-configuration as well as the activation / release mechanisms at physical layer.  
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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








RAN2 assumes that activation/deactivation of multiple SPS/CG configurations is done by DCI. There is no consensus in RAN2 on activation/deactivation of multiple SPS/CG configurations to be done by one DCI for multiple configurations or by one DCI per configuration (as in LTE rel-15).


Q3: RAN2 would like to kindly ask RAN1 the feasibility of activation/deactivation of multiple SPS/CG configurations via DCI signalling. 





Agreements:


For the maximum number of UL CG configurations per BWP of a serving cell: 12











