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Introduction
The new WID of NR Industrial Internet of Things (IoT) was approved in RAN#83[1]. In which, the following objective is included:
	...
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.


In RAN2 #105bis meeting, based on the contributions, the following agreements have been achieved:
	· Chair indicate that proposals for CG e.g. to fullfill TSC requirements have not been excluded for now.
· RAN2 think that knowledge of survival time is beneficial to gNB. FFS whether there would be any impact to AS specifications to make use of this, and such discussions would have lower priority, as it is not explicitly a WI objective. There are also concerns that QoS framework may be impacted due to survival time being provided explicitly. 
· 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.


In this contribution, we will discuss the detailed issues related to QoS enhancements for TSC and give our proposals.
Discussion
#Issue 1: Support for multiple SPS/CG for a given BWP of a UE
As discussed in email discussion of [104#36NR IIOT_TSN TrafficPatterns], different kinds of IIoT use cases need to be considered, e.g.:
Case 1: A UE may carry different TSC traffic flows at the same time, which may have different deterministic periodicities. For this case, multiple SPS is beneficial and efficient.
Case 2: A UE may carry deterministic periodic TSC traffic, and the periodicity of which is not an integer multiple of NR supported SPS periodicities. E.g. for 60Hz TSC message frequency, the periodicity will be 16.67ms, which cannot be expressed with the subframe (e.g. the interval in subframe unit is not a constant, maybe 17 or 16), but multiple SPS configuration with subframe periodicity can match the 60Hz periodicity, such as:
[image: ]
It can be expressed by multiple SPS as:
{
SPS 1: SPSStartSubframe = 0;    SPSInterval=50 subframe. 
SPS 2: SPSStartSubframe = 17;  SPSInterval=50 subframe. 
SPS 3: SPSStartSubframe = 34;  SPSInterval=50 subframe. 
}
Observation 1: Multiple SPS can deal with the use cases of different TSN traffic flows for one UE, and TSC message periodicities with non-integer multiple of NR supported SPS periodicities.
Following the same principle, multiple CG can also be used to deal with the use cases of different TSN traffic flows for one UE, and TSC message periodicities with non-integer multiple of NR supported CG periodicities.
Although multiple SPS/CG are not supported in current NR specification, multiple UL SPS has already been supported in LTE V2X and HRLLC. With reference to the LTE multiple SPS, the following specification impacts can be foreseen: 
· The impacts on resource configuration, e.g. to provide the following parameters to UE: sps-ConfigIndex/cg-ConfigIndex, periodicity, grant (for Type 1), information of time domain (for Type 1), nrofHARQ-Processes, harq-ProcID-offset etc.
· The impacts on HARQ mechanism, e.g. the HARQ Process ID calculation. In last meeting, RAN2 has already agreed 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
Proposal 1: The LTE multiple UL SPS scheme can be used as the baseline for NR multiple SPS/CG.
Proposal 1a: The following configurations should be provided for multiple SPS: sps-ConfigIndex/cg-ConfigIndex, periodicity, grant (for Type 1), information of time domain (for Type 1), nrofHARQ-Processes, harq-ProcID-offset etc.
#Issue 2: About the maximum number of active SPS configurations for a given BWP of a serving cell
In last meeting, it’s still FFS which value, 8 or 16, is suitable for the maximum number of active SPS configurations for a given BWP of a serving cell. Based on the observation 1, there are at least two use cases for multiple DL SPS configurations, i.e., support of multiple service types and support of TSC message periodicities with non-integer multiple of NR supported SPS periodicities. Taken into account that different use cases may be used for one UE, e.g., there could be simultaneous 3 traffic flows, and each flow has different non-integer periodicities which means multiple SPS configurations are required for each flow, we assume several SPS configurations for one UE would be needed. As current maximum number of simultaneous HARQ processes in NR UE is already 16, it will not increase UE complexity if 16 SPS configurations and each configuration with one HARQ process are supported.
Proposal 2: The maximum number of active SPS configurations for a given BWP of a serving cell could be 16.
#Issue 3: About finer granularity of SPS/CG periodicities
In the current NR specification, only 10ms granularity of SPS periodicity is supported as follows, which cannot satisfy the TSC service requirements and should be extended.
SPS-Config ::=                          SEQUENCE {
    periodicity                             ENUMERATED {ms10, ms20, ms32, ms40, ms64, ms80, ms128,ms160, ms320, ms640,                                                    spare6, spare5, spare4, spare3, spare2, spare1},   
    ...
}
It can be seen that the SPS periodicities are increased at uneven intervals. There are several periodicity granularities, with minimal granularities 20ms and maximal granularity 320ms.
Observation 2: The current SPS periodicity is difficult to match the TSN traffic pattern, especially in large SPS periodicity.
In the current specification, the following periodicities [unit with symbols] for configured grant are supported depending on the configured sub-carrier spacing:
· 15kHz: 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640}
· 30kHz: 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 640, 1280}
· 60kHz with normal CP: 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
· 60kHz with ECP: 2, 6, n*12, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
· 120kHz: 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}
It can be seen that the periodicities for configured grant are also increased at uneven intervals. There are several periodicity granularities, with minimal granularities 2 symbols and maximal granularity 320ms (e.g., 2560 slots for 120kHz SCS). 
Although different subcarrier spacing configurations provide different periodicities distribution, we think there still exist the issue. For example, at the high part of the periodicity values (the values equal to or larger than 160ms), the number of available periodicity values are less due to large granularity, that will make it difficult to find a matching SPS resources for TSN traffic pattern with some kind of periodicities, e.g, 480ms.
Observation 3: The current configured grant periodicity is also difficult to match the TSN traffic pattern, especially in large configured grant periodicity.
We can see that the NR configured grant periodicity consumes 6bits (45 ENUMERATED values), if we use 2bits to indicate the periodicity unit (e.g. ENUMERATED{Symbol, Slot, Subframe, Frame}), and the other bits to indicates the periodicity values, then the periodicity granularity will be finer with the same bits cost, which can match the TSN traffic pattern more suitably.
Taken into account that shorter SPS periodicities will impacts the DL HARQ-ACK feedback mechanism, and some enhancements to current DL HARQ-ACK feedback may be necessary. The smallest periodicity unit should depend on the RAN1 decision.
Proposal 3: It’s suggested to support finer granularity of SPS/CG periodicities.
Proposal 3a: It’s suggested to design two parts, e.g, periodicity unit (e.g. ENUMERATED {Symbol, Slot, Subframe, Frame}) and periodicity value (e.g. INTEGER or ENUMERATE type) for CG periodicity definition in order to provide finer CG periodicities.
Proposal 3b: The value range of SPS periodicity unit depends on the RAN1 decision.
#Issue 4: Support for TSC message periodicities with non-integer multiple of NR supported SPS/CG periodicities
Based on the discussion for Issue 1, multiple SPS can be used to indicate the TSC message periodicities with non-integer multiple of NR supported SPS periodicities. Once multiple SPS is used for this use case and considering that the multiple SPS corresponds to the same TSC service flow, the multiple SPS should be activated/deactivated simultaneously. For simplicity, the multiple SPS can be configured with a same sps-ConfigIndex, but optionally different periodicity and information of time domain. Equivalently, these configurations can be considered as one SPS configuration with multiple radio resource sets (e.g. with different periodicity and/or information of time domain).
[bookmark: _GoBack]Proposal 4a: The configuration of one sps-ConfigIndex with optionally multiple radio resource sets should be supported.

Following the same principle, multiple CG can also be used to indicate the TSC message periodicities with non-integer multiple of NR supported CG periodicities, and one cg-ConfigIndex with optionally multiple radio resource sets should be supported.
Proposal 4b: The configuration of one cg-ConfigIndex with optionally multiple radio resource sets should be supported. 
However, it would be complicated to split TSC message periodicity to multiple SPS/CG configuration. Moreover, to deliver these multiple SPS/CG configurations to the UE would also cause signaling overhead in the air interface. 
Observation 4: It’s complicated and signaling inefficient by splitting TSC message periodicity to multiple SPS/CG.
In fact, after the TSC message periodicity (e.g. with unit of Hz) as SPS/CG periodicity can be configured to the UE(e.g. use unit of Hz), it’s possible and may be simple for both UE and gNB to calculate the SPS/CG occasion by themselves based on some kind of predefined formula. An example formula is as follows:

The nth SPS occasion can be: 
Proposal 5: It’s suggested that the TSC message periodicity (e.g. with unit of Hz) can be configured as SPS/CG periodicity to the UE, and to let both UE and gNB to calculate the SPS/CG occasion by themselves based on some kind of predefined formula to handle the case of TSC message periodicities with non-integer multiple of NR supported SPS/CG periodicities.
#Issue 5: About Confirmation for multiple configured grant configuration
In the last meeting, there are some concerns about the confirmation for multiple configured grant configuration. Taken into account that only zero-bit confirmation MAC CE is used for confirmation of configured grant configuration which cannot differentiate multiple configured grant configuration, some enhancements is necessary. Generally, there are two simple options to confirm multiple configured grant configuration:
1) The time/frequency resource of the Configured Grant Confirmation MAC CE is indicated when activating/deactivating the configured grant configuration. eNB identifies which configured grant configuration is confirmed by the time/frequency resource of the Configured Grant Confirmation MAC CE.
2) Multiple bits are introduced for Configured Grant Confirmation MAC CE to confirm multiple configured grant configuration.
The option 1) would consume less radio overhead, but have impacts on RAN1 specification (e.g. for Type 2 CG). The method 2) can be specified by RAN2 itself.

Proposal 6: If it is feasible to indicate time/frequency resource for the Configured Grant Confirmation MAC CE when activating/deactivating the configured grant configuration, it’s suggested RAN1 specify such scheme. Otherwise, multiple bits of Configured Grant Confirmation MAC CE would be discussed by RAN2.
Proposal 6a: Send LS to RAN1 to check whether it is feasible to indicate time/frequency resource for the Configured Grant Confirmation MAC CE when activating/deactivating the configured grant configuration. 

[bookmark: OLE_LINK1]Conclusions
In this contribution, we make the following observations and proposals:
Observation 1: Multiple SPS can deal with the use cases of different TSN traffic flows for one UE, and TSC message periodicities with non-integer multiple of NR supported SPS periodicities.
Observation 2: The current SPS periodicity is difficult to match the TSN traffic pattern, especially in large SPS periodicity.
Observation 3: The current configured grant periodicity is also difficult to match the TSN traffic pattern, especially in large configured grant periodicity.
Observation 4: It’s complicated and signaling inefficient by splitting TSC message periodicity to multiple SPS/CG.

Proposal 1: The LTE multiple UL SPS scheme can be used as the baseline for NR multiple SPS/CG.
Proposal 1a: The following configurations should be provided for multiple SPS: sps-ConfigIndex/cg-ConfigIndex, periodicity, grant (for Type 1), information of time domain (for Type 1), nrofHARQ-Processes, harq-ProcID-offset etc.
Proposal 2: The maximum number of active SPS configurations for a given BWP of a serving cell could be 16.
Proposal 3: It’s suggested to support finer granularity of SPS/CG periodicities.
Proposal 3a: It’s suggested to design two parts, e.g, periodicity unit (e.g. ENUMERATED {Symbol, Slot, Subframe, Frame}) and periodicity value (e.g. INTEGER or ENUMERATE type) for CG periodicity definition in order to provide finer CG periodicities.
Proposal 3b: The value range of SPS periodicity unit depends on the RAN1 decision.
Proposal 4a: The configuration of one sps-ConfigIndex with optionally multiple radio resource sets should be supported.
Proposal 4b: The configuration of one cg-ConfigIndex with optionally multiple radio resource sets should be supported. 
Proposal 5: It’s suggested that the TSC message periodicity (e.g. with unit of Hz) can be configured as SPS/CG periodicity to the UE, and to let both UE and gNB to calculate the SPS/CG occasion by themselves based on some kind of predefined formula to handle the case of TSC message periodicities with non-integer multiple of NR supported SPS/CG periodicities.
Proposal 6: If it is feasible to indicate time/frequency resource for the Configured Grant Confirmation MAC CE when activating/deactivating the configured grant configuration, it’s suggested RAN1 specify such scheme. Otherwise, multiple bits of Configured Grant Confirmation MAC CE would be discussed by RAN2.
Proposal 6a: Send LS to RAN1 to check whether it is feasible to indicate time/frequency resource for the Configured Grant Confirmation MAC CE when activating/deactivating the configured grant configuration. 
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