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Introduction
NR IIoT WID RP-190728 [2] defines following scope related to scheduling enhancements for TSC traffic:
	· 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].



In RAN2#105bis meeting, following was agreed regarding scheduling enhancements for TSC:
	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
R2 assumes that activation/deactivation is done by DCI. 
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



In this contribution, we discuss scheduling enhancements for TSC traffic. 
Discussion
Support of multiple simultaneous active CG and SPS configurations for a given BWP of a UE
LTE Rel-14 V2X introduces multiple SPS configurations. For example, following is a snippet of related ASN.1 code. 
SPS-Config-v1430 ::=	SEQUENCE {
	ul-SPS-V-RNTI-r14					C-RNTI					OPTIONAL,			-- Need OR
	sl-SPS-V-RNTI-r14					C-RNTI					OPTIONAL,			-- Need OR
	sps-ConfigUL-ToAddModList-r14		SPS-ConfigUL-ToAddModList-r14	OPTIONAL,	-- Need ON
	sps-ConfigUL-ToReleaseList-r14		SPS-ConfigUL-ToReleaseList-r14	OPTIONAL,	-- Need ON
	sps-ConfigSL-ToAddModList-r14		SPS-ConfigSL-ToAddModList-r14	OPTIONAL,	-- Need ON
	sps-ConfigSL-ToReleaseList-r14		SPS-ConfigSL-ToReleaseList-r14	OPTIONAL	-- Need ON
}

SPS-ConfigUL-ToAddModList-r14 ::= SEQUENCE (SIZE (1..maxConfigSPS-r14)) OF SPS-ConfigUL

SPS-ConfigUL-ToReleaseList-r14 ::= SEQUENCE (SIZE (1..maxConfigSPS-r14)) OF SPS-ConfigIndex-r14

SPS-ConfigSL-ToAddModList-r14 ::= SEQUENCE (SIZE (1..maxConfigSPS-r14)) OF SPS-ConfigSL-r14

SPS-ConfigSL-ToReleaseList-r14 ::= SEQUENCE (SIZE (1..maxConfigSPS-r14)) OF SPS-ConfigIndex-r14

Although there are differences between LTE and NR regarding ASN.1 signalling details on SPS and configured grant (e.g. in LTE, sps-Config is signaled in RadioResourceConfigDedicated, while in NR, sps-Config and configuredGrantConfig are signaled in BWP-DownlinkDedicated and BWP-UplinkDedicated, respectively), it is nevertheless reasonable to use LTE design principles for multiple SPS configurations as a starting point for design in NR. For example, in LTE, SPS configuration index is introduced for SPS configuration management in RRC signalling, and is also transmitted in DCI. It is straightforward to introduce SPS configuration index and Configured grant configuration index in NR in a similar way. DCI related aspects can be left for RAN1. One thing to note is that in LTE Rel-14, multiple SPS configurations are introduced for V2X, while for NR, such linking/restriction is currently not forseen
[bookmark: Proposal_LTE]Proposal 1: LTE non-V2X specific design principles of multiple SPS configurations can be the starting point for NR design to support multiple simultaneously active CG and SPS configurations for a given BWP of a UE.
[bookmark: Proposal_Index]Proposal 2: Similar to LTE, SPS configuration index and Configured grant configuration index are introduced in RRC signalling.
Address TSC message periodicities with non-integer multiple of NR supported periodicities
Following potential solutions were captured in TR 38.825 [1] to address TSC message periodicities with non-integer multiple of NR supported periodicities:
1. Adjustment of SPS/CG resource by RRC reconfiguration (as per current specification)
2. [bookmark: _Hlk944152]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)
3. 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 signalling and which could be based on knowledge of TSN traffic pattern
4. Applying de-jittering buffer at the edges of 5G system
It should be noted that the 2nd potential solution is already in the scope of current WI (with discussion in section 2.1), while the 4th potential solution is captured in SA2 agreed CR S2-1902855 [3] for TS 23.501, as below:
-	Support for hold & forward buffering mechanism in the TSN Translator on the UE side and UPF side to de-jitter flows that have traversed the 5G System.
In addition, in NR-U, configured grant with bitmap (as in AUL) is under discussion. The solution can also help to address TSC message periodicities with non-integer multiple of NR supported periodicities.
Given that gNB is provided with TSC traffic patterns, there are several mechanisms gNB could utilize to address TSC message periodicities with non-integer multiple of NR supported periodicities. For example, gNB can configure UE with shorter periodicity (UE can skip UL transmission if no data is to be sent), multiple configurations, bitmap based configured grant, or even use dynamic scheduling if necessary. In addition, de-jittering feature agreed by SA2 can minimize the jittering problem.
In RAN2#105bis meeting, following was ageed “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.” Regarding the potential resource consumption issue, it should be noted that gNB knows the TSC traffic pattern. Therefore gNB can know in advance which configured grant resource will not be used by the UE, and can schedule other UEs to use the resource. Therefore there is no resource consumption issue.
In summary, additional mechanisms are not needed to address TSC message periodicities with non-integer multiple of NR supported periodicities.
[bookmark: Proposal_DL][bookmark: Proposal_Mismatch][bookmark: Proposal_Non_integer]Proposal 3: There is no need to introduce additional mechanisms to support TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities.
Configured Grant Confirmation MAC CE
Configured Grant Confirmation MAC CE is sent by UE when UE receives a PDCCH activating/deactivating type 2 configured grant. In Rel-15, Configured Grant Confirmation MAC CE has zero bit. There were proposals to enhance Configured Grant Confirmation MAC CE to support multiple configured grants in one BWP.
It should be noted that LTE Rel-14 already supports multiple SPS configurations, but SPS Confirmation MAC CE is still zero bit. Even in NR Rel-15, although one cell/BWP can only have one active configured grant, multiple configured grants can be activated/deactivated in different serving cells, and Configured Grant Confiramtion MAC CE can be sent on any serving cell. But Configured Grant Confirmation MAC CE in Rel-15 NR is still zero-bit. The main reason to keep using zero bit Configured Grant Confirmation MAC CE is that network implementation can derive which PDCCH is confirmed by the UE. It should be noted that for latency sensitive services, data can be sent in the configured resources therefore gNB can know that PDCCH activation already takes effect.
From above discussion, it is proposed to keep zero-bit Configured Grant Confirmation MAC CE without enhancement.
[bookmark: Proposal_MACCE]Proposal 4: There is no need to enhance Configured Grant Confirmation MAC CE.
Conclusion
In this contribution, we discuss scheduling enhancements for TSC traffic, and propose the following:
Proposal 1: LTE non-V2X specific design principles of multiple SPS configurations can be the starting point for NR design to support multiple simultaneously active CG and SPS configurations for a given BWP of a UE.
Proposal 2: Similar to LTE, SPS configuration index and Configured grant configuration index are introduced in RRC signalling.
Proposal 3: There is no need to introduce additional mechanisms to support TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities.
Proposal 4: There is no need to enhance Configured Grant Confirmation MAC CE.
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