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1 Introduction

IIoT WI (RP-190728) includes an objective related to support for shorter SPS periodicities highlighted below.
	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.




Observation 1: IIoT WI includes following objective: “Support for shorter SPS periodicities than the existing ones”.
Shortest SPS periodicity value for NR supported in Rel-15 is 10ms and related excerpt from 38.331 is captured below.
	SPS-Config information element

-- ASN1START

-- TAG-SPS-CONFIG-START

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

    ...

}

-- TAG-SPS-CONFIG-STOP

-- ASN1STOP




Observation 2: Shortest SPS periodicity value for NR supported in Rel-15 is 10ms.
0.5 ms is the shortest traffic period for periodic deterministic communication included in TS 22.104 requirements, and initial rows of Table 5.2-1 from TS 22.104 is copied below.
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Periodic deterministic communication service performance requirements

Characteristic parameter

Influence quantity

Communica- | Communication | Endto-end | Servicebit | Message | Transfer UE #ofUEs | Service Remarks
tion service | service reliability: | latency: rate: user size interval: speed area
availability: mean time maximum | experienced | [byte] | targetvalue (note 3)
targetvalue | between failures | (note 2) data rate
(note 1)
99,099 % below 1 yearbut | <transfer | =200 Kbis | =200 100 ms ~500ms | =160 kmh | <25 50 kmx Railbound mass transit -
>> 1 month interval 200m Control of automated train
value (A3.2); (note 4)
99,999 % to ~10 years < transfer - 50 500 Js. 500 s, <75kmh | =20 50mx 10m | Motion control (A22.1)
99,09999 % interval x10m
value
99,0999 % fo | ~ 10 years <transfer | — 0 Tms Tms <75kmh | =50 50mx 10 m | Motion control (A.2.2.1)
99,099999 % interval x10m
value
99,0999 % fo | ~ 10 years <transfer | — 20 2Zms 2Zms <75kmh | =100 50mx 10 m | Motion control (A.2.2.1)
99,099999 % interval x10m
value
99,0999 % - <5ms. 1 Kbit/s <1500 | <60s TBD stationary | 20 30kmx Electrical Distribution — Dis-
(steady state) (steady state) 20km tributed automated switch-
1,5 Mbitis =1 ms (fault ing for isolation and service
(fault case) case) restoration (A 4.4); (note 5)
99,0999 % fo | ~ 10 years <transfer Tk <10ms oms |- 5t010 | 100mx Control-to-control in motion
99,099999 % interval 30mx10m | control (A2.2.2)
value
>09,0999% | ~ 10 years <transfer | — 2010250 | 1msto50ms | transfer | <50 kmh | =100 <Tkme Mobile robots (A2.2.3)
interval (note 6) interval
value (note 7) value
990999 % fo | ~ 1 month <transfer | — 2010250 |4msto8ms | transfer | <8kmh | T8D 50mx 10 m | Mobile control panels —
99,099999 % interval (note 7) interval x4m remote control of e.g.
value value assembly robots, milling
machines (A2.4.1)
99,0999 % fo | ~ 1 year <transfer | — 010250 |<i2ms 2ms | <8kmh | T8D Typically Mobile control panels -
99,099999 % interval (note 7) 40mx remote control of e.g.
60m; mobile cranes, mobile
maximum | pumps, fixed portal
200mx cranes(A2.4.1)
300m
99,0999 % fo | =1 year <transfer | — 20 =10ms 0 fypicaly | fypically | typically Process automation —
99,099999 % interval (note 8) stationary | 10t020 | =100mx | closed loop control (A.2.3.1)
value 100 mx
50m







Note that 'Transfer interval’ referred to in table above maps to notion of SPS period, and it is described in TS 22.104 (Section C2.3) as following: “Applicable only to periodic communication, the transfer interval indicates the time elapsed between any two consecutive messages delivered by the automation application to the ingress of the communication system.”
Observation 3: 0.5 ms is the shortest traffic period for periodic deterministic communication included in TS 22.104 requirements (Table 5.2-1).

2 Shorter SPS periods for TSC
As discussed in previous section, the shortest SPS period for NR in Rel-15 SPS is clearly too high for TSN use cases. Thus, SPS has to be enhanced to support shorter periods.
SPS period of 0.5 ms is not useful for 15 kHz SCS since (a) requirement in TS 22.104 with 0.5 ms traffic period also has a requirement that end-to-end latency should be less than 0.5 ms (see the excerpt in previous section), and (b) 0.5ms one-way latency target cannot be achieved with Rel-15 NR using 15 kHz SCS, and related excerpt from Section 6.3.2.2 of TR 38.825 is copied below. 
	The 0.5 ms latency target analysis leads to the following RAN1 conclusions:

-
For 15 kHz SCS, the 0.5ms one-way latency target cannot be achieved with Rel-15 NR.
-
For FDD, the 0.5ms one-way latency target can be achieved for both DL and UL for 30kHz (and higher) SCS with Rel-15 NR for single shot transmission.

-
For TDD:

-
For 30kHz SCS, some analysis shows the 0.5ms one-way latency target can be achieved with the respectively assumed UL/DL configuration, whereas other analysis indicates that it cannot be achieved with Rel-15 NR for the respectively assumed UL/DL configuration.

-
For 60kHz (and higher) SCS, the 0.5ms one-way latency target can be achieved with the respectively assumed UL/DL configuration for both DL and UL with Rel-15 NR for single-shot transmission.


Observation 4: SPS periodicity value of 0.5 ms is not useful for IIoT use cases for SCS equal to 15 kHz .
Based on the above discussion, we propose the following.

Proposal 1: Support following new SPS periodicity values for NR: 0.5 ms, 1 ms, 2 ms, and 5 ms, where support for SPS periodicity value of 0.5 ms is only required for SCS greater than or equal to 30 kHz.
Periodicity values 0.5 ms, 1 ms and 2 ms correspond to transfer interval values in Table 5.2.-1 of TS 22.104 (copied below). We propose to include 5 ms as periodicity value which is close to midway between 2 ms and 10 ms periods.
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Characteristic parameter

Influence quantity

Communica- | Communication | Endto-end | Servicebit | Message | Transfer | Survival UE #ofUEs | Service Remarks
tion service | service reliability: | latency: rate: user size interval: time speed area
availability: mean time maximum | experienced | [byte] | targetvalue (note 3)
targetvalue | between failures | (note 2) data rate
(note 1)
99,099 % below 1 yearbut | <transfer | =200 Kbis | =200 100 ms. ~500ms | =160 kmh | <25 50 kmx Railbound mass transi -
>> 1 month interval 200m Control of automated train
value (A3.2); (note 4)
99,999 % to ~10 years < transfer - 50 500 us. 500 s, <75kmh | =20 50mx 10m | Motion control (A22.1)
99,09999 % interval x10m
value
99,0999 % fo | ~ 10 years <transfer | — 0 Tms Tms <75kmh | =50 50mx 10 m | Motion control (A.2.2.1)
99,099999 % interval x10m
value
99,0999 % fo | ~ 10 years <transfer | — 20 Zms 2Zms <75kmh | =100 50mx 10 m | Motion control (A.2.2.1)
99,099999 % interval x10m
value
99,0999 % - <5ms. 1 Kbit/s <1500 | <60s TBD stationary | 20 30kmx Electrical Distribution — Dis-
(steady state) (steady state) 20km tributed automated switch-
1,5 Mbitis =1 ms (fault ing for isolation and service
(fault case) case) restoration (A 4.4); (note 5)
99,0999 % fo | ~ 10 years <transfer Tk <10ms oms |- 5t010 | 100mx Control-to-control in motion
99,099999 % interval 30mx10m | control (A2.2.2)
value
>09,0999% | ~ 10 years <transfer | — 2010250 | 1msto50ms | transfer | <50 kmh | =100 <Tkme Mobile robots (A2.2.3)
interval (note 6) interval
value (note 7) value
990999 % fo | ~ 1 month <transfer | — 2010250 |4msto8ms | transfer | <8kmh | T8D 50mx 10 m | Mobile control panels —
99,099999 % interval (note 7) interval x4m remote control of e.g.
value value assembly robots, milling
machines (A2.4.1)
99,0999 % fo | ~ 1 year <transfer | — 010250 |<i2ms 2ms | <8kmh | T8D Typically Mobile control panels -
99,099999 % interval (note 7) 40mx remote control of e.g.
60m; mobile cranes, mobile
maximum | pumps, fixed portal
200mx cranes(A2.4.1)
300m
99,0999 % fo | =1 year <transfer | — 20 =10ms 0 fypicaly | fypically | typically Process automation —
99,099999 % interval (note 8) stationary | 10t020 | =100mx | closed loop control (A.2.3.1)
value 100 mx
50m





To inform RAN1 about new shorter SPS periods, we propose the following.
Proposal 2: Send an LS to inform RAN1 that RAN2 would like to support following new SPS periodicity values for NR: 0.5 ms, 1 ms, 2 ms, and 5 ms, and support for SPS periodicity value of 0.5 ms is only required for SCS greater than or equal to 30 kHz.
3 Conclusions
We reiterate the key proposals in the preceding discussion below.
Proposal 1: Support following new SPS periodicity values for NR: 0.5 ms, 1 ms, 2 ms, and 5 ms, where support for SPS periodicity value of 0.5 ms is only required for SCS greater than or equal to 30 kHz.

Proposal 2: Send an LS to inform RAN1 that RAN2 would like to support following new SPS periodicity values for NR: 0.5 ms, 1 ms, 2 ms, and 5 ms, and that support for SPS periodicity value of 0.5 ms is only required for SCS greater than or equal to 30 kHz.
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