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Introduction
[bookmark: _Hlk523733459]In RAN #81, a revised SID on Study on NR Industrial Internet of Things (IoT) is approved. The potential enhancement for TSC network on scheduling enhancement by using TSC traffic patterns are discussed and captured in this study item, as shown in the following [1]:
2)	Time Sensitive Networking related enhancements:
b)	Enhancements (e.g. for scheduling) to satisfy QoS for wireless Ethernet when using TSC traffic patterns as specified in TR 22.804 (RAN2/RAN1). Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.
In the WI agreed in the latest RAN plenary, the objective of this topic is captured in the following: 
· 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].
[bookmark: OLE_LINK90][bookmark: OLE_LINK91]In this paper, we will provide our further consideration on the above objectives for TSC traffic and give our proposals. 
[bookmark: _Ref178064866]Discussion
To support TSC traffic in NR, potential issues to further study are captured in IIoT WI. In the following, we will focus on issue 2(i.e. short periodicities of TSC messages), issue 3(i.e. multiple TSC flows in a single TSC device), and issue 4(i.e. TSC message periodicities with non-integer multiple of NR supported periodicities) in Section 6.5.2 in TR 38.825.

Short periodicities of TSC messages
According to TR 38.825[5], it is agreed that: In order to support TSC traffic flows with very short periodicities in DL direction, it is beneficial to support additional, shorter SPS periodicities. Thus, SPS configuration should be enhanced to support TSC traffic. 
Observation 1 [bookmark: _Toc3973776][bookmark: _Toc4500277][bookmark: _Toc4710741][bookmark: _Toc4752524][bookmark: _Toc4752690][bookmark: _Toc4759999][bookmark: _Toc4761159]To support shorter SPS configuration in IIoT.
As mentioned in TR 22.804 clause 8.1[2], NR focus on the following use cases/KPIs which reaches to the most stringent requirement:
	Case
	#UE
	Communications service availability
	Transmit period
	Allowed E2E latency
	Survival time
	Packet size
	Service area
	Traffic periodicity
	Use case

	I
	20
	99,9999% to 99,999999%
	0.5 ms
	≤ Transmit period
	Transmit period
	50 bytes
	15 m x 15 m x 3 m
	Periodic
	Motion control and control-to-control use cases

	II
	50
	99,9999% to 99,999999%
	1 ms
	≤ Transmit period
	Transmit period
	40 bytes
	10 m x 5 m x 3 m
	Periodic
	Motion control and control-to-control use cases

	III
	100
	99,9999% to 99,999999%
	2 ms
	≤ Transmit period
	Transmit period
	20 bytes
	100 m x 100 m x 30 m
	Periodic
	Motion control and control-to-control use cases

	IV
	N/A
	99.9999%
	N/A
	< 1 ms
	N/A
	N/A, but service bit rate from 150 kbit/s to 4.61 Mbits/s
	N/A
	Aperiodic
	Audio streaming for live performance


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Table1: TSC use cases with the stringent requirement
From Table 1, it is observed that TSC traffic is with the following characteristics:
· All traffics are belonged to deterministic traffic pattern.
· Most of the traffics are periodic. 
· The requirement of most stringent latency tolerance/transmission period is 0.5ms.
Refer to TS 38.211 and TS 38.331, the minimum value of a CG periodicity is 2 symbol and the maximum value of one OFDM symbol duration is 66.67 us, thus the minimum interval time is less than the required transmission period in NR IIoT. Hence, the transmission period requirement in NR IIoT can be supported by current CG configuration.
periodicity
Periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5.8.2).
The following periodicities are supported depending on the configured subcarrier spacing [symbols]:
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}

Observation 2 [bookmark: _Toc3973777][bookmark: _Toc4500278][bookmark: _Toc4710742][bookmark: _Toc4752525][bookmark: _Toc4752691][bookmark: _Toc4760000][bookmark: _Toc4761160]The most stringent latency tolerance/transmission period requirement is 0.5ms.
Observation 3 [bookmark: _Toc3973778][bookmark: _Toc4500279][bookmark: _Toc4710743][bookmark: _Toc4752526][bookmark: _Toc4752692][bookmark: _Toc4760001][bookmark: _Toc4761161]The transmission period requirement in NR IIoT can be supported by current CG configuration.
Since TSC traffic are symmetric-like traffic at the most case, it can be concluded that DL SPS periodicity should be at least same as the periodicity of UL CG configuration to match the TSC traffic pattern. However, the periodicity of DL SPS is in the unit of millisecond. Hence, it is suggested that the same periodicity configurations as the ones in UL CG should be supported for DL SPS.
SPS-Config ::=                          SEQUENCE {
    periodicity                             ENUMERATED {ms10, ms20, ms32, ms40, ms64, ms80, ms128, ms160, ms320, ms640,
                                                        spare6, spare5, spare4, spare3, spare2, spare1},
    nrofHARQ-Processes                      INTEGER (1..8),
    n1PUCCH-AN                              PUCCH-ResourceId                                                        OPTIONAL,   -- Need M
    mcs-Table                               ENUMERATED {qam64LowSE}                                                 OPTIONAL,   -- Need S
    ...
}
[bookmark: _Toc3978119][bookmark: _Toc4500283][bookmark: _Toc4710747][bookmark: _Toc4711527][bookmark: _Toc4752530][bookmark: _Toc4752565][bookmark: _Toc4752696][bookmark: _Toc4760005][bookmark: _Toc4761154][bookmark: _Toc3978120]Same periodicity configurations as the ones in UL CG should also be supported for DL SPS.
[bookmark: _Toc3978121][bookmark: _Toc4500284][bookmark: _Toc4710748][bookmark: _Toc4711528][bookmark: _Toc4752531][bookmark: _Toc4752566][bookmark: _Toc4752697][bookmark: _Toc4760006][bookmark: _Toc4761155]The periodicity granularity in symbol should be supported, and the recommended value is 2, 7, n*14 symbol for normal CP and 2, 6, n*12 symbol for extend CP.

Multiple TSC flows in a single TSC device
According to TR 38.825[5], it is agreed that: In order to serve multiple TSC flows simultaneously, it is beneficial to support multiple Configured Grant as well as SPS configurations in the single UE, for a given Bandwidth Part of a serving cell. Thus, potential protocol impact should be considered to support multiple CG/SPS configurations. 
Observation 4 [bookmark: _Toc4500280][bookmark: _Toc4710744][bookmark: _Toc4752527][bookmark: _Toc4752693][bookmark: _Toc4760002][bookmark: _Toc4761162][bookmark: _Toc3973779]To support multiple SPS configurations in IIoT.
In R15 NR, HARQ process ID for downlink is calculated based on current slot, the periodicity of the configured SPS and the number of HARQ processes reserved for the SPS:
For configured downlink assignments, the HARQ Process ID associated with the slot where the DL transmission starts is derived from the following equation:
HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes
where CURRENT_slot = [(SFN × numberOfSlotsPerFrame) + slot number in the frame] and numberOfSlotsPerFrame refers to the number of consecutive slots per frame as specified in TS 38.211 [8].
In R15, only one SPS are configured in downlink. However, it is agreed to support multiple SPS at least for different services/traffic types and/or for enhancing reliability and reducing latency. Hence, the HARQ process IDs would overlap among different DL SPS configurations with different periodicities/offsets based on current HARQ process ID calculation formula. One possible conflict case is shown as below:
[image: ]
Figure 1
Observation 5 [bookmark: _Toc3973780][bookmark: _Toc4500281][bookmark: _Toc4710745][bookmark: _Toc4752528][bookmark: _Toc4752694][bookmark: _Toc4760003][bookmark: _Toc4761163]The HARQ process IDs would overlap among different DL SPS configurations.
Assuming that each DL SPS would be with individual HARQ process ID, it is necessary to introduce an HARQ process ID offset to differentiate HARQ process id for different DL SPSs (At least to insure one MAC PDU would not be flushed by another MAC PDU). Similar enhancement for similar purpose has been supported in uplink in R15 LTE URLLC, hence the mechanism in R15 could extend to NR without much complexity. For example：
HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes + harq-ProcID-offset.
[bookmark: _Toc3978124][bookmark: _Toc4500285][bookmark: _Toc4710749][bookmark: _Toc4711529][bookmark: _Toc4752532][bookmark: _Toc4752567][bookmark: _Toc4752698][bookmark: _Toc4760007][bookmark: _Toc4761156]Introduce an offset parameter to differentiate HARQ process ID of each DL SPS configuration.
[bookmark: _Toc3978125][bookmark: _Toc4500286][bookmark: _Toc4710750][bookmark: _Toc4711530][bookmark: _Toc4752533][bookmark: _Toc4752568][bookmark: _Toc4752699][bookmark: _Toc4760008][bookmark: _Toc4761157]Modify current HARQ process ID calculation formula in NR.

TSC message periodicities with non-integer multiple of NR supported periodicities
[bookmark: _Toc528848624]Furthermore, the issue on TSC message periodicities with non-integer multiple of NR supported periodicities is captured in the agreed TR. We think this misalignment could happen in some cases which is one of the contributors for latency. But we also doubt how much problematic it is, and it can be resolved by SPS/CG configuration reconfiguration.
Observation 6 [bookmark: _Toc536866735][bookmark: _Toc536866765][bookmark: _Toc886788][bookmark: _Toc1132120][bookmark: _Toc3973781][bookmark: _Toc4500282][bookmark: _Toc4710746][bookmark: _Toc4752529][bookmark: _Toc4752695][bookmark: _Toc4760004][bookmark: _Toc4761164]The misalignment between TSC periodicity and CG/SPS periodicity is evitable and it seems to be solved by existing SPS/CG reconfiguration.
However, if SPS/CG configuration reconfiguration is proved insufficient for such mismatches eventually, one potential solutions can be considered: introducing flexible SPS/CG configuration. For example, specific time-frequency resource pattern is configured to transmit packets of this TSC traffic. The resource pattern is calculated based on the periodicity of the traffic pattern & the time duration of one symbol. In details, the time-frequency resource pattern can be calculated by gNB or UE. One way is that the network provides specific time-frequency resource pattern to UE, which is used to indicate each transmission point. Another way is that the network indicates specific assistant information to UE, i.e. traffic period, which is used by the UE to calculate a related time-frequency resource pattern. Then, the resource pattern is used between UE and the network to bearer packets belonged to such TSC traffic.  
[bookmark: _Toc4500287][bookmark: _Toc4710751][bookmark: _Toc4711531][bookmark: _Toc4752534][bookmark: _Toc4752569][bookmark: _Toc4752700][bookmark: _Toc4760009][bookmark: _Toc4761158][bookmark: _Toc3978126][bookmark: _Toc3978127][bookmark: _Toc4752535][bookmark: _Toc536866773][bookmark: _Toc886796][bookmark: _Toc1132115][bookmark: _Toc3978128][bookmark: _Toc4500288][bookmark: _Toc4710752][bookmark: _Toc4711532]No further work on the periodicity misalignment issue.

Conclusion
Based on the discussion above, we made the following observations:
[bookmark: _GoBack]Observation 1	To support shorter SPS configuration in IIoT.
Observation 2	The most stringent latency tolerance/transmission period requirement is 0.5ms.
Observation 3	The transmission period requirement in NR IIoT can be supported by current CG configuration.
Observation 4	To support multiple SPS configurations in IIoT.
Observation 5	The HARQ process IDs would overlap among different DL SPS configurations.
Observation 6	The misalignment between TSC periodicity and CG/SPS periodicity is evitable and it seems to be solved by existing SPS/CG reconfiguration.

And propose the following:
Proposal 1	Same periodicity configurations as the ones in UL CG should also be supported for DL SPS.
Proposal 2	The periodicity granularity in symbol should be supported, and the recommended value is 2, 7, n*14 symbol for normal CP and 2, 6, n*12 symbol for extend CP.
Proposal 3	Introduce an offset parameter to differentiate HARQ process ID of each DL SPS configuration.
Proposal 4	Modify current HARQ process ID calculation formula in NR.
Proposal 5	No further work on the periodicity misalignment issue.
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