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Introduction
In LTE, scheduling request (SR) plays an important role in uplink data transmissions. UEs, when having new uplink data, send SR to the eNB. eNB provides uplink grants which are used by the UEs to transmit buffer status report (BSR). After receiving BSR, eNB provides another uplink grant for UEs to send actual data. Schedule requests are configured by offset, periodicity, and prohibit timer among other parameters, determining how ofen UEs can transmit SR to request uplink resources.
In 5G NR, eMBB services can use the SR mechanism in LTE as a baseline. This contribution discusses the use of SR and its possible enhancements to enable uplink URLLC. We also examine the coexistence of SR for both eMBB and URLLC services.
Scheduling request for grant-based and grant-free uplink URLLC
In general, first HARQ transmissions of UL URLLC packets can be either grant-based or grant-free. The SR mechanism is naturally needed for the grant-based scheme. In [1], it is shown that, even in grant-free URLLC, sending SR together with uplink data from UEs that are not power-limited is very helpful to assist their blind detection of the presence of grant-free uplink transmissions, since blind detection of DMRS may be challenging.
One criticism of supporting SR in grant-based URLLC is that SR reduces the delay budget for the actual URLLC data transmissions. In [2], it is shown that, under the strigent 1ms latency requirement, there is still enough time to have multiple HARQ retransmissions after SR is detected by the gNB.
Broadly speaking, although the 1ms user-plane latency for URLLC has been agreed in 3GPP, we can envision that 5G will support various URLLC use cases, including robotics, industrial automation, autonomous vehicles, smart grid monitoring, medical procedures, etc, which may have different latency and reliability requirements. For those URLLC services that have slightly relaxed delay requirements, it is more beneficial to provide grant-based transmissions as a baseline, which are more spectrally efficient and support collison-free resource allocation.
Proposal 1: Grant-based schemes and SR mechanisms should be supported for UL URLLC in 5G NR.
[bookmark: _Ref471634189]Issues and solutions for scheduling request in URLLC
BSR reporting
In the hand-shaking procedure from UE’s sending scheduling request to UE’s receiving uplink data grant, the transmission and processing of BSR could take tens of milliseconds to complete because it belongs to MAC-layer procedures. It easily violates the 1ms latency requirement of URLLC. Hence, there can be a new L1 method to convey the buffer status information from UE to gNB in the case of URLLC. In particular, we should consider the possibility that the SR procedure can skip the BSR reporting step in LTE, and UE can use the UL grant gNB sends in response to SR to transmission uplink data.
Observation 1: The transmission and processing of BSR in LTE’s SR procedure could take tens of milliseonds to complete, which violateds the 1ms latency requirement of URLLC.
Proposal 2: 5G NR could consider new L1 methods to convey the buffer status information from UE to gNB.
SR periodicity and prohibit timer
Under a given periodicity of SR, a new URLLC packet needs to wait half the SR period on average between its arrival to the PHY/MAC layer at the UE and the SR transmission. To satisfy the low latency requirement of URLLC, the SR periodicity needs to be chosen sufficiently small to minimize its delay overhead. Similarly, the prohibit timer for URLLC SR should be chosen sufficiently small as well. In LTE, the minimum SR periodicity is 1ms, which is too large for URLLC services. RAN1 should consider supporting minislot-level SR periodicity in PUCCH to enable UL URLLC.
[bookmark: _GoBack]Proposal 3: The SR periodicity and prohibit timer for URLLC should be chosen sufficiently small to minimize the delay overhead. RAN1 should consider supporting minislot-level SR periodicity in PUCCH to enable UL URLLC.
The duration of SR transmission
Since the scheduling and transmissions of URLLC packets are minislot-based, the duration of SR transmission can also be minislot-based to reduce the latency overhead of SR. In the case that reliability is affected in short SR transmissions, we could consider TTI-bundled PUCCH to transmit long SR to achieve higher SR reliability at the cost of delay overhead. Another advantage of long SR transmission is that more orthogonal SR transmissions are allowed in the frequency domain, increasing the trunking efficiency of SR.
Proposal 4: The duration of SR transmissions for URLLC should be carefully considered to strike a good balance between high SR reliability and high SR capacity.
Multiple-configuration and multi-bit SR
To support SR for multiple services, SR design in 5G NR may need to convey more information (which service has new data to transmit? buffer status?) than LTE SR, which only indicates the existence of SR. This can potentially be done by two options: (i) using multi-bit SR, or (ii) using the location of SR resources (time, frequency, code) to convey the information. For both options, it’s important to evaluate their resource requirements to achieve high reliability and the impact on the overall SR capacity (i.e., how many UEs can transmit SR at the same time using orthogonal or non-orthogonal resources, and how to performance collision resolution in the latter case).
Proposal 5: To support SR for multiple services, we may consider that SR can carry more information based on multiples bits or multiple resource configurationis. The final design should be based on careful performance evaluation to balance between high SR reliability and high SR capacity.
SR turnaround time
For UL URLLC, even if SR periodicity and prohibit timer for a UE are carefully chosen, it is possible that gNB delays the transmission of UL grant (e.g., when gNB experiences temporarily high loading), which induces high delay overhead and may trigger unnecessary SR retransmissions when prohibit timer expires. One solution to this problem is for the gNB to send some indication of SR reception indication to the UE as soon as possible, e.g., in the form of empty grants. In general, the turnaround time between SR and first UL grant should be minimized to reduce the delay overhead for URLLC services.
Proposal 6: The turnaround time between SR and first UL grant should be minimized to reduce the delay overhead for URLLC services.
Conclusion
In summary, we discussed the SR mechanism and its possible enhancement for URLLC services. The coexistence of multiple SR configurations to support multiple services is also discussed. We have the following observations and proposals.
Proposal 1: Grant-based schemes and SR mechanisms should be supported for UL URLLC in 5G NR.
Observation 1: The transmission and processing of BSR in LTE’s SR procedure could take tens of milliseonds to complete, which violateds the 1ms latency requirement of URLLC.
Proposal 2: 5G NR chould consider new L1 methods to convey the buffer status information from UE to gNB.
Proposal 3: The SR periodicity and prohibit timer for URLLC should be chosen sufficiently small to minimize the delay overhead. RAN1 should consider supporting minislot-level SR periodicity in PUCCH to enable UL URLLC.
Proposal 4: The duration of SR transmissions for URLLC should be carefully considered to strike a good balance between high SR reliability and high SR capacity.
Proposal 5: To support SR for multiple services, we may consider that SR can carry more information based on multiples bits or multiple resource configurationis. The final design should be based on careful performance evaluation to balance between high SR reliability and high SR capacity.
Proposal 6: The turnaround time between SR and first UL grant should be minimized to reduce the delay overhead for URLLC services.
References
[bookmark: _Ref450583331][1] R1-1713439, SR design for GF/GB UL URLLC transmission, Qualcomm Incorporated, 3GPP RAN1 #90.
[2] R2-1709121, SR configuration for URLLC service, Qualcomm Incorporated, 3GPP RAN2 #99.


2/4
