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1
Introduction
In RAN #76 meeting, the latest WID for LTE URLLC was agreed [1]. The WI aims to achieve the reliability requirements under latency constrain for URLLC services. The latency required in URLLC is below 1ms one way for user plane. And the outcome of WI shortened TTI and processing time should be considered in this WI as described in the WID:
The solutions should support configurable reliability and latency combinations and is to be specified on top of the existing LTE air interface for Frame Structure type 1 and Frame Structure type 2, including various LTE TTI lengths (1ms, 7-OS and 2-OS for FS1, 1ms and 7-OS for FS2) as well as existing LTE latency reduction techniques. For the relevant TTI lengths the work should be based on the outcome of the “shortened TTI and processing time for LTE” [4].

This paper summarizes the RAN2 progress of sTTI in LTE and discusses potential enhancements for URLLC based on the outcome of sTTI.
2
Discussion
The ongoing WI shortened TTI and processing time (sTTI) aims to improve the packet data latency performance to achieve higher experienced rates and reduce the user plane latency. As mentioned in the WID, various LTE TTI lengths (1ms, 2-OS, 7-OS) need to be supported for LTE URLLC, then the RAN2 designs in sTTI should be considered in LTE URLLC.
For URLLC, the latency requirements range from 1ms to 10ms for different traffic scenarios [2], for instances, industrial factory automation, smart grid system etc. For the URLLC service with restrict latency requirement (e.g. 1ms), short TTI duration needs to be configured; and for the URLLC service with loose latency requirement (e.g. 10ms), legacy TTI duration may also satisfy the requirement.

Observation 1: The different latency requirements of URLLC services can be satisfied by configuration of different TTI lengths (i.e. sTTI or legacy TTI).
In current sTTI, RAN2 have discussed uplink resource request (BSR/SR), LCP, HARQ, SPS, DRX as well as corresponding configurations. Here we try to summarize the general principles in sTTI as below:
LCP

In sTTI, in order to meet different latency requirements for different LCHs, the TTI duration is configured per LCH. 
RAN2#97:

Legacy LCP applies among considered logical channels for RBs.

RAN2#97bis:

Logical channel can be configured to use one or more TTI duration(s).

RAN2#98:

A single priority is assigned for multiplexing a logical channel which is configured to use multiple TTIs.
Although the main use case of sTTI is to allow fast TCP ACK feedback to speed up TCP slow start and the URLLC has more restrict latency requirement, the agreement in RAN2#97bis makes sure the LCP is performed among LCHs for a certain TTI length. It means only the data with the same TTI length can be multiplexed together, and the data using sTTI will not be impacted by the data using legacy TTI. Therefore the above agreements in sTTI can also be applied to LTE URLLC.

Proposal 1: Reuse the principle for LCP in sTTI WI for LTE URLLC if sTTI is used. 
BSR

In RAN2 #99 meeting, basic principles for BSR have been agreed:
· No new BSR format is introduced for sTTI

· LCH to LCG group is left to eNB implementation

· Keep the existing BSR procedure, and formats, e.g., with buffer status reported per LCG and at most four LCGs.

· Keep the existing BSR cancellation procedure for sTTI.

The BSR is used for uplink resource request and notifying the network the exact data volume. In sTTI, the LCHs configured with the sTTI length can be grouped into the same LCG implicitly so that when the BSR is reported to the network, the serving cell can figure out the buffer status for LCH configured with sTTI length. For simplicity, the same principle for BSR can also be applied to LTE URLLC.
Proposal 2: No BSR enhancement is needed for LTE URLLC.

SPS

It has been agreed that SPS is supported in sTTI (sSPS). The agreements are listed below:
· RAN2 sees benefits to support SPS for short TTI
· Same LCP restriction as dynamic grant will apply for SPS grant.   
· sTTI SPS intervals are configured by RRC. New sTTI-based interval values are introduced. The minimum value of 1 sTTI is supported.  Other values are FFS.  
SPS is a kind of grant-free transmission. As analysed in [3], grant-free transmission is needed to satisfy the restrict latency requirement. Compared with uplink resource requesting procedure using SR/BSR, sSPS preserves resources for the UE using shorter interval. In terms of latency, it skips the SR/BSR procedure and the UE sends data directly on the uplink grant. As to the overhead, data will be transmitted without SR resource reservation including SR sequence as well as PUCCH/sPUCCH. Therefore, sSPS should be considered for URLLC in LTE.

Proposal 3: Support sSPS same as in sTTI WI for URLLC service if sTTI is used.
SR

The SR configuration restriction is similar to LCP restriction in sTTI. Although there is no agreements on how to configure sr-ProhibitTimer and SR_COUNTER, it is preferred to configure these parameters individually per SR configuration. The agreements related to SR configuration are listed as follows [4]:

· A restriction similar to LCP restriction can be used to determine SR configuration to logical channel mapping
· In the case of overlapping occasions of sPUCCH and PUCCH, it is left up to UE implementation which of sPUCCH or PUCCH SR resources to send SR on when SR can be sent on both PUCCH and sPUCCH.  In case of non-overlapping SR occastions, the UE can transmit on the earliest SR occasion.  The UE doesn’t transmit on both sPUCCH and PUCCH simultaneously
For uplink data transmission, the UE sends SR first to indicate the network that the UE has data to send. Afterward, the network sends uplink grant to the UE for BSR reporting. 

As discussed above the URLLC services have various latency requirements, only single SR configuration on sPUCCH may not satisfy the various latency requirements. Therefore, we think that multiple SR configurations can be introduced  and one configured SR should be associated with one scheduling TTI length, for example, SR1 is associated with 2-OS TTI, SR2 is associated with 7-OS TTI and SR3 is associated with 1ms TTI. The eNB can distinguish which TTI length according to receive SR.
Proposal 4: Multiple SR configurations can be configured to the UE, and one configured SR should be associated with one TTI length.

DRX

The DRX will comply with the legacy mechanism for sTTI, except for some DRX timers. As to URLLC, using DRX will impact the latency performance, because the UE cannot be scheduled continuously. To reduce impact on latency, one possible way is to introduce separate DRX timers, and the other possible way is to simply stop using DRX during URLLC transmission. The detailed can be discussed further.
Proposal 5: Further discuss connected mode DRX for URLLC to reduce the impact on latency.

3
Conclusions
This contribution provides the sTTI progress and analyses whether the sTTI mechanism is suitable for URLLC. And it is proposed:
Observation 1: The different latency requirements of URLLC services can be satisfied by configuration of different TTI lengths (i.e. sTTI or legacy TTI).

Proposal 1: Reuse the principle for LCP in sTTI WI for LTE URLLC if sTTI is used. 
Proposal 2: No BSR enhancement is needed for LTE URLLC.

Proposal 3: Support sSPS same as in sTTI WI for URLLC service if sTTI is used.
Proposal 4: Multiple SR configurations can be configured to the UE, and one configured SR should be associated with one TTI length.

Proposal 5: Further discuss connected mode DRX for URLLC to reduce the impact on latency.
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