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1 Introduction

In the RAN1#90bis meeting, the following agreements related to targeted reliability and latency requirements have been achieved [1]
Agreement
URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms. Additional less stringent requirements can be considered.

Agreement
In addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms.

In this contribution, aiming at the above requirements especially that of latency, we analyze some candidate solution for enabling these targets, including frame structure, enhancements on SR and grant free UL transmission. 

2 Potential enhancements to SR
In [2] of legacy LTE, the Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission. If the SR is not configured, the UE initiates a RACH procedure to request UL-SCH resources. In the legacy LTE, the SR is only one bit information and indicates that the UE has scheduling request or not. Then, the eNB cannot know the amount of data available in UE buffer or the QoS of the data. Hence, eNB has to assign uplink resources for UE without any more information, so the assigned resource will not match the requirement of the UE in most cases. After SR transmission, the UE would report the Buffer Status Report (BSR) in the consequent uplink transmission when the PUSCH cannot carry all the available data in the assigned resource. A BSR indicates buffer size for each logical channel group LCG and the LCG number. The eNB then can schedule other resource to the UE based on the information of BSR.
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Figure 1: Scheduling procedure for UL scheduling in LTE

The URLLC has the high reliability and low latency requirement. If the UL grant is used to schedule the URLLC transmission, the system efficiency will be higher than SPS or grant-less transmission when the grant-based transmission could meet the URLLC requirement. In order to reduce the latency in SR procedure, the eNB needs to obtain more information from SR. In the discussion of NR, the agreements were achieved [3] that a SR would be associated with the “numerology/TTI length” of the logical channel and multiple SR configurations can be configured to the UE. In this way, the eNB can distinguish the UE requirements based on the received SR. The agreement about multiple SR configurations in the RAN1#90 meeting [3] is as follows.
· It is up to RAN2 how many SR configurations the UE can be configured with.

· In case of SR only, the physical layer can only transmit one SR at any given time

· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2

· Multiplexing of SR and HARQ feedback is supported on short-PUCCH

· Multiplexing of SR and HARQ feedback is supported on long-PUCCH

· An SR can be configured with a periodicity of at least equal to X OFDM symbol(s) (at least for short-PUCCH), and with up to the largest periodicity supported in LTE (i.e. 80 ms)

· Working assumptions:

· X=1, which implies short-PUCCH could be located at any OFDM symbol of a slot
· FFS: Supported periodicity values

· FFS: Possible limitations due to other factors

· One configured SR can be associated with either short or long PUCCH

Therefore, we think that multiple SR configurations can also be introduced in LTE and one configured SR should be associated with one scheduling TTI length, for example, SR1 is associated with 2/3os TTI, SR2 is associated with 7os TTI and SR3 is associated with 1ms TTI. The eNB can distinguish between different TTI lengths according to the received SR. Then, the more appropriate resource based on grant-based transmission can be granted to URLLC UE to improve resource efficiency and match the UE requirement.
Proposal 1: Multiple SR configurations can be configured to the UE. 

Proposal 2: One configured SR should be associated with one TTI length. 
Furthermore, if the multiple SR configurations are supported, the UE behaviour should be clarified when multiple SRs are triggered in the overlapped time duration. There would be two solutions. One is that UE only reports the highest SR and drop other SRs. The other is that UE report all the SRs. Only reporting the highest SR will reduce the payload information and improve the successful transmission probability. Reporting all the SR will help eNB on more flexible scheduling choice. We propose to further study on how to handle with overlapped multiple SRs.
Proposal 3: Further study on how to handle overlapping multiple SRs.

3 Grant free transmission

In the agreement of RAN1#87, the grant free transmission is supported for URLLC in NR, which is beneficial to achieve the latency requirement of URLLC. Thus, it also needs to consider and evaluate in URLLC for LTE. As shown by the evaluation results [4], the requirements of URLLC as 1ms latency with 10^-5 BLER, can only be achieved by UL transmission without UL grant in current LTE systems with sTTI. Therefore, we proposed that
Proposal 4: Grant free transmission in uplink is supported.
If UL grant free transmission for LTE is supported, at least the following design aspects should be studied: resource configuration for UL grant free, UE identification, HARQ feedback for UL data transmission without grant as well as HARQ combining, relationship between grant-free and grant-based transmissions and associated UE behavior. These aspects have been considered in NR study, however whether they can be re-used in LTE needs further study.
4 Conclusion
The contribution mainly provides our views on sDCI2. Based on the discussion, we have the following proposals
Proposal 1: Multiple SR configurations can be configured to the UE. 

Proposal 2: One configured SR should be associated with one TTI length. 
Proposal 3: Further study on how to handle overlapping multiple SRs.
Proposal 4: Grant free transmission in uplink is supported.
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