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1
Introduction
This is a revision of R2-1805474, and there are no technical changes.

In RAN #78 meeting, the WID for LTE URLLC was revised [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”.

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 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, and it was completed at RAN#78.
As mentioned in the LTE URLLC WID, various LTE TTI lengths (1ms, 2-OS, 7-OS) need to be supported for URLLC, then the designs of sTTI should be considered in LTE URLLC.
In the WI sTTI, RAN2 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.
2.1
LCP (Logical Channel Prioritisation)
In sTTI, in order to meet different latency requirements for different LCHs, the TTI duration configuration follows designs below (from previous RAN2 agreements). 
1
Legacy LCP applies among considered logical channels for RBs.

2
Logical channel can be configured to use one or more TTI duration(s).
3
A logical channel can be configured with the type of TTI(s) it is allowed to use (e.g. either with legacy TTI, short TTI, or all).

4
LCP is performed only for logical channels configured to use the corresponding TTI type. 

5
When the UE has grants on both TTIs, it is up to UE implementation in which order the grants are processed for logical channel multiplexing.

6
When the UE has grants on both TTIs, it is up to UE implementation to decide in which MAC PDU a MAC control element is included.
7
A single priority is assigned for multiplexing a logical channel which is configured to use multiple TTIs.
8
Single PRB across TTIs.

9
It is up to UE implementation to properly update the Bj using the correct TTI lengths.

10
TTI restrictions for the logical channel apply to only the first transmission. It is up to eNB how it schedules the retransmissions.
Although the main use case of sTTI is to achieve fast TCP ACK feedback, as URLLC has more restrict latency requirement, the LCP designs for sTTI can be applied to URLLC if sTTI is used in URLLC.

Proposal 1: Reuse the principle of LCP in sTTI for LTE URLLC if sTTI is used in URLLC.
2.2
BSR (Buffer Status Report)
In sTTI, following designs were agreed (from previous RAN2 agreements):
	1
No new BSR format is introduced for sTTI.

2
Keep the existing BSR procedures and formats, e.g. with buffer status reported per LCG and at most four LCGs.

3
Keep the existing BSR cancellation procedure for sTTI.

4
As in legacy, the MAC entity shall transmit at most one Regular/Periodic BSR in a TTI/sTTI across all carriers.

5
As in legacy, the UE may include a padding BSR on a TTI or sTTI which does not contain a Regular/Periodic BSR.

6
Truncated BSR includes the LCG with the highest priority logical channel with data available for transmission.

7
No new BSR triggers will be added.


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 if sTTI is used in URLLC.
2.3
SPS (Semi-Persistent Scheduling)
Currently, SPS is supported in sTTI (i.e. sSPS). The designs are listed below (from previous RAN2 agreements):
	1
Same LCP restriction as dynamic grant will apply for SPS grant.
2
sTTI SPS intervals are configured by RRC. The following SPS interval values are supported in DL and UL: sTTI1, sTTI2, sTTI4, sTTI6, sTTI8, sTTI12, sTTI20, sTTI40, sTTI60, sTTI80, sTTI120, sTTI240.
3
In DL/UL SPS with asynchronous HARQ, the HARQ process ID is derived from the sTTI-number (index of sTTI within subframe.

4
sSPS is supported on PCell and not supported on SCells.

5
SPS and sSPS are not active at the same time.


Compared with uplink resource requesting procedure using SR/BSR, sSPS preserves resources for the UE with shorter interval. In terms of latency, it skips the SR/BSR procedure and the UE sends data directly on the uplink grant. Besides, in order to meet the requirements of latency in URLLC, dynamic scheduling scheme will introduce more latency. Therefore, when sTTI is used in URLLC, sSPS should be supported.

Proposal 3: Support sSPS same as in sTTI for URLLC service if sTTI is used.
According to above designs of sSPS in sTTI, most of the principles can be reused in URLLC. However, for the principle sSPS is supported on PCell and not supported on SCell, we need more discussion considering duplication operation. Currently, packet duplication via CA and DC is agreed to be supported. The CA packet duplication may be performed on SCell. Then if sTTI is used in this case, it will be more beneficial to support sSPS on SCell to reduce the latency. Therefore, we propose to improve sSPS to be supported on SCell.

Proposal 4: In order to achieve higher performance of CA duplication on SCell, sSPS is supported on SCell.

2.4
SR (Scheduling Request)
The existing SR designs in sTTI are shown below (from previous RAN2 agreements):

	1
Both sPUCCH and PUCCH can be configured for a UE for a single cell.

2
In the case of overlapping occasions of sPUCCH and PUCCH, it is left 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 occasions, the UE can transmit on the earliest SR occasion. The UE doesn’t transmit on both sPUCCH and PUCCH simultaneously.

3
Like in legacy LTE, inclusion of a BSR in a MAC PDU for transmission cancel all pending SRs, no specification change needed for this.

4
The mapping for logical channel to SR is explicitly signalled. The signalling is optional and if mapping not present the logical channel can be mapped to all SR configurations. One or more SR configuration can be configured per logical channel.

5
SR transmission is chosen according to the SR mapping for the logical channel which triggered the BSR.

6
After dssr-TransMax sPUCCH SR transmissions without the SR(s) being cancelled, release all sPUCCH resources on all serving cells on the next sPUCCH occasion when ssr-ProhibitTimer is not running.
7
If a UE releases the SR resources that match the logical channel logicalChannelSrRestriction, the UE shall send SR on any resource configured for SR.

8
If the UE is configured with only one SR resource, any logical channel can use this resource.


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 a 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 TTI lengths according to the received SR.
Proposal 5: Multiple SR configurations can be configured to the UE, and one configured SR is associated with one TTI length.

3
Conclusions
This contribution provides the sTTI progress and analyses potential enhancements for HRLLC based on sTTI. It is proposed:
Proposal 1: Reuse the principle of LCP in sTTI for LTE URLLC if sTTI is used in URLLC.
Proposal 2: No BSR enhancement is needed for LTE URLLC if sTTI is used in URLLC.
Proposal 3: Support sSPS same as in sTTI for URLLC service if sTTI is used.
Proposal 4: In order to achieve higher performance of CA duplication on SCell, sSPS is supported on SCell.

Proposal 5: Multiple SR configurations can be configured to the UE, and one configured SR is associated with one TTI length.
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