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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN#83 meeting, a WID for IIoT was agreed [1], and one of the objectives is
----------------------------------------------------------------------------------------------------------------------------
3. The detailed objectives for NR TSC-related enhancements include:
· 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.
----------------------------------------------------------------------------------------------------------------------------
Although the handling of multiple active SPS and CG configurations per BWP has been split in RAN#83 between RAN1 eURLLC WID [2] (CG) and the RAN2 IIoT WID [1] (SPS), they both have one common impact on MAC, namely: how to share the HARQ ID across SPS/CG configurations.
Moreover one other MAC-specific aspect of supporting multiple active configured grants is the need to upgrade the Configured Grant Confirmation MAC CE.
We address both issues in this contribution. 
Discussion
HARQ ID Sharing Across SPS/CG configurations
According to the current specification, the HARQ ID for SPS/CG configuration is calculated based on the current slot or symbol, periodicity of the configured grant/SPS and number of the HARQ processes reserved for the CG/SPS. Take uplink HARQ ID calculation as one example:
HARQ ID = [floor (current symbol/periodicity)] module nrofHARQ-Processes. (1)
According to the equation, HARQ process collision will occur when configured grants resources from different configurations overlap as e.g. in Figure 1. And the same observation holds for multiple active SPS configurations with different periodicities. It could be envisioned though that a same HARQ process is shared by two configurations since, in the end, one allocation will take priority over the other, and only one will be transmitted. However, HARQ process sharing between two SPS/CG configurations implies:
1. Maintaining multiple configuredGrantTimer values, i.e. one per configured grant configuration. Indeed this would be required to prevent a (long) timer of a configured grant configuration with large periodicity to block a configured grant resource of another CG configuration with small periodicity.
1. MAC PDU overriding in HARQ buffer: for example a first CG1 for a high-priority TSN stream uses HARQ process #k. And then comes right after that another CG2 (from another CG configuration) with same HARQ process #k, targeted for a lower priority stream/QoS flow/DRB. Note their resources didn’t collide, so no need for any prioritization. MAC PDU from CG2 will override MAC PDU from CG1 in HARQ buffer. Then comes a re-transmission request for the MAC PDU from CG1, i.e. for the high-priority TSN stream. But the MAC PDU is no longer in the HARQ buffer.  This issue was discussed extensively in Rel-15 in the context of Msg3 HARQ process and should be definitely avoided.


[bookmark: _Ref704296][bookmark: _Ref701728][bookmark: _Ref701722]Figure 1: Example for multiple SPS/CG configurations for different services/traffic types
[bookmark: _Toc4752102]Proposal 1: Multiple active SPS/CG configurations per BWP shall not share a same HARQ process.
One possible solution can be to introduce other parameters to the HARQ ID calculation for multiple configured grant configurations. In HRLLC of LTE, the same issue was also discussed, and one new parameter named harq-ProcID-offset, is added to the equation of HARQ process ID [2]. The similar solutions can also be studied. For example, the HARQ ID can be calculated as:
HARQ ID = [floor (current symbol/periodicity) + Parameter] module nrofHARQ-Processes. (2)
where Parameter can, for instance, refer to the configured grant configuration index which is assigned by the network.
[bookmark: _Toc4752103]Proposal 2: Study the possible solutions like Equation (2) for HARQ process separation between different SPS/CG configurations.
Configured Grant Confirmation MAC CE
According to the current specification, the UE will report Configured Grant Confirmation MAC CE to the network to indicate that the SPS/configured grant type 2 has been activated / deactivated. And since the MAC CE is fixed size of zero bits, no dedicated information of the configured grant configuration can be carried to the network. If multiple configured grant configurations of type 2 are activated / deactivated by the network, it is impossible to notify which configured grant configuration has been activated / deactivated to the network, i.e. the current format of the configured grant confirmation MAC CE can’t be used when multiple configured grant configuration of type 2 are simultaneously activated or deactivated.
One possible solution is to attach some configured grant configuration related information to the MAC CE, for example the index of the configured grant configuration. Meanwhile, one new LCID can also be introduced to distinguish which one is used for single configured grant configuration and which one is used for multiple configured grant configurations. 
[bookmark: _Toc4752104]Proposal 3: Introduce configured grant configuration related information to the configured grant confirmation MAC CE.
[bookmark: _Toc4752105]Proposal 4: Define one new LCID to distinguish single and multiple configured grant confirmation MAC CEs.
Conclusion
In this document, further studies on multiple SPS and configured grant configurations are carried out, related issues are discussed and the following proposals are derived:
Proposal 1: Multiple active SPS/CG configurations per BWP shall not share a same HARQ process.
Proposal 2: Study the possible solutions like Equation (2) for HARQ process separation between different SPS/CG configurations.
Proposal 3: Introduce configured grant configuration related information to the configured grant confirmation MAC CE.
[bookmark: _GoBack]Proposal 4: Define one new LCID to distinguish single and multiple configured grant confirmation MAC CEs.
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