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1 Introduction
In Release 15, NR supports SPS (in DL) and configured grants (UL) to efficiently support URLLC scenarios requiring high reliability and low latency. The vertical domains expected to be served by the IIoT feature such as factory automation will require low latency, high reliability, and high communication service availability. In addition, these scenarios will also require support of other kinds of traffic (e.g., eMBB) that may co-exist simultaneously with URLLC traffic [1]. 
In Release 15 NR, at most one configured grant (either Type 1 or Type 2) can be active per BWP per serving cell at any time. Since the MCS and time/frequency allocation for configured grants is fixed (either at the time of configuration for Type 1 or activation for Type 2), the TB size is fixed for grant-free transmissions. Since different services are likely to generate packet sizes of different sizes, a single configuration of TB size is inflexible. These limitations have been discussed in RAN1 in the context of the SI on physical layer enhancements for NR URLLC [2], and it was concluded that the introduction of multiple configured grants is warranted for supporting different services/traffic types. RAN1 has sent an LS to RAN2 [3], a portion of which is reproduced below.
	Agreements:
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 
· FFS details
· Note: it is understood that the above may be related to RAN2 led work on intra-UE multiplexing



In this contribution, we discuss what enhancements for configured grants need to be considered in NR IIoT from RAN2 perspective.
2 Discussion
The need for multiple configured grants in IIoT arises from at least two factors. First, as noted earlier, IIoT UE are expected to support different services having different traffic distribution. For example, the traffic could be periodic or non-periodic, delay-sensitive or delay-tolerant etc. Packets generated by different services/applications will also differ in the distribution of packet size. Second, the UE may act as a TSN hub requiring the support of multiple flows/patterns, each with a different destination. For these reasons, it seems important to support multiple configured grants.
Proposal 1: Multiple configured grants should be supported as part of the IIoT feature.
RAN1 is currently investigating several enhancements for supporting multiple configured grants. From RAN2 perspective, we think that the support for overlapping configured grants, and enhancements to LCH restrictions, would be necessary. In the sequel, we discuss these enhancements in greater detail.
Overlapping grants: If a UE is configured with multiple configured grants, it becomes possible that such grants may collide in time and frequency. One approach to avoid this issue would be to require that the gNB does not configure such overlapping grants. Another approach would be to allow such overlapping, but then rely on intra-UE prioritization to take care of conflicts. We think that it would be too restrictive from a scheduling perspective to require non-overlapping grants. For latency critical applications, the periodicity of a configured grant can be quite small to ensure that the UE is able to utilize a grant instance as soon as data becomes available. On the other hand, the UE may skip many grant instances if the data rate is quite low. Requiring multiple grants to not overlap would unnecessarily reduce resource efficiency in such a case. We also note that we are currently discussing how the UE can prioritize between configured and dynamic grants [4], and a similar approach can be taken for multiple configured grants.
Observation 1: RAN2 is currently discussing how conflicts between overlapping grants can be resolved, and potentially the same approach can be used for multiple configured grants.
If overlapping multiple configured grants are allowed, then the network may freely choose the appropriate configured grant parameters for its target applications/services.
Proposal 2: The network may configure multiple configured grants that overlap in time and frequency domain.
Type of multiple grants: Release 15 defines two types of configured grants, so one question that needs to be answered if in the multiple grants case, should all the grants belong to a particular type. Given that the multiple configured grants can be used for different services, we think multiple configured grants should not be restricted to a single type.
Proposal 3: The network may configure multiple configured grants of any type (i.e., type 1 or type 2).
Logical Channel restrictions: The logical channel restrictions in Release 15 are currently defined in the NR MAC specification based on allowed SCS, maximum PUSCH duration, configured grant Type 1, and serving cells. The logical channel restrictions for configured grant Type 1 is used for allowing or disallowing a logical channel for any configured grant Type 1. For example, if there are multiple configured grants with Type 1 on different cells, a logical channel can only be allowed or disallowed for all of them.
Given that multiple configured grants are proposed to support multiple services with differentiated QoS requirements, we think it makes sense to allow the network to finely control which logical channels can use which of the multiple configured grant resources. For this reason, we think the concept of LCH restriction must be extended so that the network can configure how logical channels are served by multiple configured grants.
Proposal 4: LCH restrictions are defined per configured grant.
If Proposal 4 is agreeable, then a number of questions need to be answered. For example, how should logical channel configuration be enhanced? Should the restrictions be confined to type 1 or be extended to both type 1 and type 2 configured grant? etc. These details can be discussed during the WI phase, potentially also based on further progress in RAN1.
We note that the use of multiple configured grants could be useful in other scenarios as well. For example, RAN1 has agreed, in the context of their Release 16 V2X study, that a UE may be configured with multiple resource pools in a single carrier. Multiple configured grants can be also be considered useful for NR-U because they reduce the LBT burden of dynamic scheduling. So we think that the support of multiple configured grants should be developed as a general mechanism (like 2-step RACH) with applicability to multiple features.
Proposal 5: Develop multiple configured grants as a general mechanism for multiple features.
3 Conclusions
In this document, we have studied the RAN2 impact of supporting multiple configured grants. Our observations and proposals are summarized below.
Proposal 1: Multiple configured grants should be supported as part of the IIoT feature.
Observation 1: RAN2 is currently discussing how conflicts between overlapping grants can be resolved, and potentially the same approach can be used for multiple configured grants.
Proposal 2: The network may configure multiple configured grants that overlap in time and frequency domain.
Proposal 3: The network may configure multiple configured grants of any type (i.e., type 1 or type 2).
Proposal 4: LCH restrictions are defined per configured grant.
Proposal 5: Develop multiple configured grants as a general mechanism for multiple features.
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