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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]:
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	· 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.


During RAN2#106 meeting, the following was agreed:

· 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.  


In this contribution we discuss further details regarding the configuration, activation and deactivation of multiple SPS/CG configurations. Particularly we focus on the need of SPS/CG groups, and whether it is beneficial to support simultaneous activation/deactivation of multiple SPS/CG configurations. 

2 
Details on multiple configured grant configurations
We first focus on uplink configured grants, whereas aspects related to semi-persistent scheduling are discussed next. Multiple active CG configurations were initially agreed in RAN1 to support the following use cases:

· Use case 1: simultaneously support different requirements for various IIoT services. 

· Use case 2: enhancing reliability and reducing latency by shifting the start time of the first transmission occasions for multiple configurations

Moreover, in RAN2#106 there was strong consensus from the different companies that multiple CG configurations could also be used to reduce the scheduling misalignment of use cases with periodicities that are non-integer multiple of those supported by NR – we refer to this as “use case 3” in the remainder of this contribution. These three main use cases for multiple CG configurations entail different solutions for configuration and activation/deactivation as will be discussed next.
2.1 RRC Configuration, activation and de-activation
In 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. This was highlighted in our previous contribution [2] with the example of a UE acting as a hub that multiplexes and de-multiplexes traffic from/to multiple end stations or devices. As high flexibility is needed in terms of the CG configuration parameters mentioned above, independent RRC configuration is generally preferred. Besides, if Type-2 CG configuration is used, independent activation and de-activation is also a reasonable assumption.
Observation 1: To support different uplink traffic flows within the same UE (e.g. having different payload sizes, time offset, periodicities and/or reliability requirements), independent RRC configuration of each CG together with independent activation and de-activation for Type-2 CGs is preferred.
In contrast, in use case 2 and use case 3 multiple active CG configurations are used to improve reliability, decrease latency and/or improve radio resource usage for a single service. In these cases, only a few parameters are expected to be different across configurations: at least the time domain offset and the AP/DM-RS sequence initialization, whereas a different frequency domain allocation could be also considered e.g. to increase frequency diversity. Note that these parameters are only defined at RRC-level for Type-1 Configured Grants, whereas for Type-2 CGs these are defined as part of the activation DCI.
· For Type-1 CGs, the concept of CG groups (e.g. as proposed in [3]), allowing both common parameters and independent parameters across CG configurations, could be beneficial to reduce the RRC-configuration overhead, especially if the number of ‘grouped’ CG configurations is large and the number of independent parameters is relatively small compared to the number of common parameters.
· CG groups could be also applied for Type-2 CGs; however, the design of type-2 CG groups will depend on what is agreed in RAN1 on (de-)activation DCI for multiple or a group of CG configurations. For instance, to allow different time-domain offsets across N CG configurations within a group, either the activation DCI needs to be able to signal N different time-domain allocations (this seems unlikely, given the limited number of bits in the DCI) or a single time-domain allocation is signalled (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. Similar principles would apply to other parameters, e.g. frequency-domain allocation and DM-RS sequences.
Observation 2-1: CG configuration groups have some benefit in terms of RRC configuration overhead when used to improve reliability and/or decrease latency of a single service, or to serve applications with non-integer periodicities. 
Observation 2-2: The design of CG groups is quite different for Type-1 and Type-2 CGs. For the latter case, it will depend on what is agreed in RAN1 on (de-)activation DCI of multiple or a group of CG configurations.
Proposal 1: RAN2 to consider whether RRC signalling overhead reduction justifies adoption of CG configuration groups for CG Type-1 configuration. 
2.2 CG Configuration indexing

Some type of indexing will be required to facilitate re-configuration as well as activation/deactivation (for Type-2 CG) of individual or a subset of CG configurations. Either an explicitly configured CG-ID (e.g. as done for LTE V2X and LTE HRLLC) or an implicit ID (e.g. generated in increasing order of the CG configuration) could be considered. Considering potential re-configuration of overall number of configured grant configurations, we think that having an explicitly configured CG-ID to be the more robust solution. 

Proposal 2: Support an explicitly configurable CG-ID used for indexing a respective CG configuration to facilitate re-configuration as well as Type-2 activation / release mechanisms. 
2.3 CG activation/deactivation confirmation

Activation or deactivation of the Configured Grant is confirmed by the UE using MAC CE with a fixed size of 0 bits. This was sufficient in case there was only a single CG configurable in the UE. However, with the introduction of multiple CG configurations, UE should have a possibility to indicate, which of them it activated/deactivated to avoid confusion in case multiple CG configurations are activated in a row. 
Proposal 3: CG activation/deactivation confirmation MAC CE should include CG index of the CG configuration being confirmed.
3 
Details on multiple semi-persistent scheduling configurations

With regards to what has been discussed for CGs in Section 2, we first want to highlight the main differences between SPS and CG:

1. 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. Instead, DL SPS will be mainly used to support one or multiple periodic (deterministic) flows. A secondary use case is to support applications with non-integer periodicities as also discussed in Section 2. However, this use case should have lower priority as, according to 3GPP TS 22.104, only a minority of industrial use cases fall into this category. 

2. Only Type-2 type of operation is supported by SPS, consisting of higher-layer configuration and lower-layer activation/deactivation via DCI. 
Observation 3: The main use case for DL SPS is to support one or multiple periodic (deterministic) flows. DL SPS could optionally be used to serve applications with non-integer periodicities of those supported by NR. Compared to UL CGs, the benefit of group-based RRC configuration and simultaneous activation/de-activation of multiple SPS configurations is smaller.
Based on this observation, we do not find group-based SPS configuration or simultaneous activation/de-activation of multiple SPS configurations beneficial.
Proposal 4: Do not support group-based SPS configuration nor simultaneous activation/de-activation of multiple SPS configurations.

Similarly, regarding the indexing of multiple SPS configurations, an explicit ID is required to facilitate (re-)configuration as well as the activation and deactivation.
Proposal 5: 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. 
Conclusions

Based on the discussion and observations from the paper, the following is proposed:
Proposal 1: RAN2 to consider whether RRC signalling overhead reduction justifies adoption of CG configuration groups for CG Type-1 configuration. 

Proposal 2: Support an explicitly configurable CG-ID used for indexing a respective CG configuration to facilitate re-configuration as well as Type-2 activation / release mechanisms. 
Proposal 3: CG activation/deactivation confirmation MAC CE should include CG index of the CG configuration being confirmed.
Proposal 4: Do not support group-based SPS configuration nor simultaneous activation/de-activation of multiple SPS configurations.

Proposal 5: 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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