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Introduction
In the LS from RAN1 [1], for URLLC, “Reliability” is defined as the success probability R of transmitting X bits within L seconds, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality Q (e.g., coverage-edge).  Moreover, the latency bound L includes transmission latency, processing latency, retransmission latency and queuing/scheduling latency (including scheduling request and grant reception if any). 
As stated in the above LS, the latency bound L should include the queuing/scheduling latency. In this paper, we discuss how to support periodic URLLC traffic with SPS, in the aspect of minimizing the queueing/scheduling latency. The paper is updated to address several offline comments in the last meeting.
[bookmark: _Ref178064866]Discussion
Example use cases of URLLC include, for example, wireless control of industrial manufacturing or production processes, remote medical surgery, distribution automation in a smart grid, transportation safety, etc. One salient difference from human-centric traffic as in eMBB data is that the URLLC traffic may be periodically generated. For example [2], in a closed-loop control application, the controller periodically receives measurement from sensors or submits instructions to actuators. For example, the controller sends the instructions to the actuators which return a response within a cycle time (i.e. after performing the instructed actions the devices respond to the controller which then needs to send corresponding feedback (e.g. user plane data to be delivered to an application server in the IP network) to the eNB using URLLC metrics). In these applications, SPS, which allocates periodic resources for an UE, can be used to send the user plane data.  
[bookmark: _Toc508701713][bookmark: _Toc508701715][bookmark: _Toc508701723][bookmark: _Toc508705101][bookmark: _Toc508784040][bookmark: _Toc510722724]	Periodic URLLC traffic can be configured to be transmitted by SPS.

The question arises on how the network can configure a proper SPS allocation for the UL periodic URLLC traffic. One may argue that the periodicity of the traffic can be conveyed by QCI (QoS Class Identifier) in LTE when the data radio bearer is set up.  However, the packet arrival time is unknown i.e. there is no coordination between the uplink radio resources made available to a UE according to the SPS periodicity and when a sensor/actuator/controller has user plane data (MAC PDU) available for transmission. 
[bookmark: _Toc508705102][bookmark: _Toc508784041][bookmark: _Toc510722725]The periodicity of the traffic can be conveyed by QCI, but the offset is unknown.

A misalignment between the arrival time and the allocated transmission opportunity leads to a waiting time for UL SPS resources for data transmissions. This waiting time adds to the overall packet delay even though the time taken for the actual transmission of the data may satisfy the corresponding URLLC delay attribute. The overall latency may exceed the ultra-low latency requirement for URLLC or it may leave too short remaining time for physical layer to reach the ultra-high reliability requirement, which is guaranteed by time-diversity techniques, such as HARQ-less repetitions. One example is illustrated in the below. 


Figure 1 Extra latency due to: misalignment of MAC PDU arriving time and SPS configuration
For example, for URLLC traffic with a periodicity of 10ms and a latency requirement of 1ms, a mis-match of the offset can lead to a constant queuing delay (for example, 5ms) already longer than the latency requirement.
[bookmark: _Toc508701714][bookmark: _Toc508701716][bookmark: _Toc508701724][bookmark: _Toc508705103][bookmark: _Toc508784042][bookmark: _Toc510722726]A mis-alignment of the offset within one period in the SPS configuration can lead to a queuing delay for periodic URLLC traffic.

In LTE release 14, an SPS enhancement for V2X was added so that the UE can provide the network the traffic pattern of a UL logical channel, see below in the UEAssistanceInformation RRC message. 
sps-AssistanceInformation-r14		SEQUENCE {
	trafficPatternInfoListSL-r14		TrafficPatternInfoList-r14		OPTIONAL,
	trafficPatternInfoListUL-r14		TrafficPatternInfoList-r14		OPTIONAL
}			OPTIONAL,

TrafficPatternInfoList-r14 ::= SEQUENCE (SIZE (1..maxTrafficPattern-r14)) OF TrafficPatternInfo-r14

TrafficPatternInfo-r14 ::=	SEQUENCE {
	trafficPeriodicity-r14			ENUMERATED {
											sf20, sf50, sf100, sf200, sf300, sf400, sf500,
											sf600, sf700, sf800, sf900, sf1000},
	timingOffset-r14					INTEGER (0..10239),
	priorityInfoSL-r14					SL-Priority-r13								OPTIONAL,
	logicalChannelIdentityUL-r14		INTEGER (3..10)								OPTIONAL,
	messageSize-r14					BIT STRING (SIZE (6))
}
	field descriptions

	logicalChannelIdentityUL
Indicates the logical channel identity associated with the reported traffic pattern in the uplink logical channel.

	messageSize
Indicates the maximum TB size based on the observed traffic pattern. The value refers to the index of TS 36.321 [6, table 6.1.3.1-1].

	sps-AssistanceInformation
Indicates the UE assistance information to assist E-UTRAN to configure SPS.

	trafficPatternInfoListUL 
This field provides the traffic characteristics of uplink logical channel(s).

	trafficPeriodicity
This field indicates the estimated data arrival periodicity in a SL/UL logical channel. Value sf20 corresponds to 20 ms, sf50 corresponds to 50 ms and so on.

	timingOffset
This field indicates the estimated timing for a packet arrival in a SL/UL logical channel. Specifically, the value indicates the timing offset with respect to subframe#0 of SFN#0 in milliseconds.



A similar mechanism can be used but with more granular information on the traffic pattern. The smallest periodicity in the field of “trafficPeriodicity” is 20ms.  For example, the period of URLLC data might very well be smaller than 20 ms, and moreover the granularity of the timing offset shall be smaller than one millisecond to satisfy the requirement of 1 ms latency in URLLC. 
In the current spec, SPS can support the periodicity smaller than 20ms with values of 1ms, 2ms, 3ms, 4ms, 5ms and 10ms. In addition, sSPS is should also be supported. Thus, we propose to support all these configurations.
[bookmark: _Toc510722722]In RRC IE trafficPatternInfo, add new values in the fields trafficPeriodicity: sf1, sf2, sf3, sf4, sf5, sf10, sTTI1, sTTI2, sTTI4, sTTI6, sTTI8, sTTI12, sTTI16, sTTI20, sTTI40, sTTI60, sTTI80, sTTI120, sTTI240.

For 1ms latency requirement, there is also a need to specify a more granular offset value on the symbol level that cannot be expressed by the timingOffset which has the smallest granularity of 1ms. Thus, we can introduce a new field symbolOffset, and together with timingOffset, they can indicate a granular timing offset of the packet arrival. 
As the current sSPS supports a periodicity of one sTTI with length of 2/3 or 7 OFDM symbols, the symbol level offset indication should be a multiple of the smallest periodicity.  For 2OS sTTI, UL sTTI pattern for sPUSCH is [3,2,2,2,2,3]. Hence, in the case of 2OS sTTI, the field should be able to address from the first to the second to the last sTTI, i.e., the offset value is os0, os3, os5, os7, os9, and os11. For 7OS sTTI, the offset can be os0 and os7.  
[bookmark: _Toc510722723][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]In RRC IE trafficPatternInfo, introduce a new field symbolOffset with values: os0, os3, os5, os7, os9, os11. 
Conclusion
In section 2 we made the following observations:
Observation 1	Periodic URLLC traffic can be configured to be transmitted by SPS.
Observation 2	The periodicity of the traffic can be conveyed by QCI, but the offset is unknown.
Observation 3	A mis-alignment of the offset within one period in the SPS configuration can lead to a queuing delay for periodic URLLC traffic.

Based on the discussion in section 2 we propose the following:
Proposal 1	In RRC IE trafficPatternInfo, add new values in the fields trafficPeriodicity: sf1, sf2, sf3, sf4, sf5, sf10, sTTI1, sTTI2, sTTI4, sTTI6, sTTI8, sTTI12, sTTI16, sTTI20, sTTI40, sTTI60, sTTI80, sTTI120, sTTI240.
Proposal 2	In RRC IE trafficPatternInfo, introduce a new field symbolOffset with values: os0, os3, os5, os7, os9, os11.
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