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1 Introduction

At the RAN #75 meeting, a new work item (WI) on further NB-IoT enhancements (feNB-IoT) has been set to a working agreement. One objective of the WI is to further reduce latency and power consumption by supporting scheduling request (SR) [1]: 
Further latency and power consumption reduction

· Support for physical layer SR [RAN1, RAN2]

Recall that in Rel-13 NB-IoT and Rel-14 eNB-IOT, there is no dedicated scheduling request. The SR functionality can be realized by random access. This was motivated by the fact that NB-IoT UEs are typically expected to stay in connected mode for very short durations of time due to very infrequent traffic patterns. On the other hand, in Rel-15 feNB-IoT, support of SR is included as one objective to further reduce latency as described above. This was motivated by the UEs with diverse traffic applications that may necessitate the UEs to be in connected mode for relatively longer durations compared to the target use cases considered in Rel-13 and Rel-14.
In this contribution, we discuss the design for the support of SR, including the discussions on the applicability and configuration of SR support, SR physical design, and collision handling aspects. Moreover, we also study the method with contention based Buffer Status Report (BSR) transmission for further optimization of latency performance.
2 Design of SR for feNB-IoT
In this section, we first discuss the applicable cases and configuration methods for the support of SR, and then provide some details on the physical design of SR. Lastly, we study the case where SR and HARQ-ACK feedback subframes collide and share our views on the collision handling methods.
2.1 Applicability and configuration of SR
As mentioned in the Introduction, the motivation of support of SR is to reduce latency for UEs with diverse traffic applications that makes UEs stay in connected mode for long duration. Thus, the support of SR brings benefits mainly for UEs in good coverage, which may have traffic requiring low latency. Therefore, the configuration of SR should take into account the UE coverage level and only enable SR for UEs in good coverage, e.g., based on the repetition level of latest successfully detected NPRACH, or the max number of repetitions configured for NPDCCH in UE specific search space (SS). 
Moreover, the support of SR should be based on UE capability. After UE signals its capability on the support of SR, eNB can configure the resources for SR via RRC signaling. Lack of configured SR resources implies disabling of SR. 
2.2 Physical design of SR

In Rel-13 NB-IoT, NPUSCH format 2 is designed to carry 1-bit HARQ-ACK feedback. To minimize the spec change, the NPUSCH format 2 can be reused for SR. The designs on numerology and DMRS can follow Rel-13 NPUSCH format 2, while the modulation and resource allocation methods are different. 
For modulation, different from HARQ-ACK feedback where pi/2-BPSK is always used, On-off keying modulation can be used for SR. 
For resource allocation, HARQ-ACK feedback resources are indicated via DCI format N1 with respect to a reference frequency-time resource, which cannot be applied to SR due to the lack of DCI. Instead, the SR resources can be configured by higher layer signalling, which indicates the SR periodicity, offset, repetition number and subcarrier indexes. It is up to eNB implementation to consider the UE coverage when configuring the SR resources. 
2.3 Collisions on SR and HARQ-ACK subframes
In this section, we discuss the case where there are collisions between SR and HARQ-ACK subframes, from the single-UE perspective. 
Recall that in Rel-13 eMTC, when PUCCH is transmitted with repetitions, SR is dropped if SR and HARQ-ACK feedback collide. Rel-15 eNB-IoT can follow the same approach. Specifically, when repetitions are used for HARQ-ACK feedback or SR, SR is dropped if there is a collision between SR and HARQ-ACK feedback. When HARQ-ACK and SR are transmitted without repetition and they are colliding, the SR and HARQ-ACK feedback can be multiplexed by transmitting HARQ-ACK feedback on SR resource. Note that different resources should be configured for SR and HARQ-ACK feedback to avoid the confusion in the multiplexing case.
Proposal 1

· SR is supported only for UEs in good coverage. 

· Coverage is determined based on the repetition level of latest successfully detected NPRACH, or the max number of repetitions configured for NPDCCH in UE specific SS. 

· UE signals its capability on the support of SR.

· eNB configures SR resources via RRC signalling for UEs indicating its capability, and lack of SR resource configuration implies disabling of SR.
Proposal 2

· NPUSCH format 2 is reused for SR.

· Numerology and DMRS are the same as Rel-13 NPUSCH format 2.

· On-off keying modulation is used for SR.

· SR resources are configured via higher layer signalling, indicating the SR periodicity, offset, repetition number and subcarrier indexes. 
Proposal 3

· When SR and HARQ-ACK feedback subframes collide:

· If repetitions are used for any of them, SR is dropped.
· If no repetition is used for both, SR and HARQ-ACK feedback is multiplexed, by transmitting HARQ-ACK feedback on SR resource.

3 Further optimization on BSR transmission
To further reduce the latency, a very compact BSR can be transmitted without an UL grant. In time domain, BSR is transmitted starting from the next valid UL subframe after the SR transmission. The repetition numbers used for BSR can be configured by higher layer signaling. In the frequency domain, the subcarriers used for BSR transmission can be the same as the subcarriers used for SR transmission. The modulation for BSR transmission without UL grant can be predefined, so that eNB knows a prior which modulation scheme to be used for decoding. As SR and BSR are both transmitted, in case SR is successfully detected, but the BSR detection fails, the SR procedure can fall back to legacy 4-step SR procedure, where an UL grant will be transmitted by eNB to schedule the BSR in the following step. 
Proposal 4
· Consider the support of a very compact BSR transmission without UL grant, following the SR transmission. 
· When SR is detected while BSR is not decoded successfully, the SR procedure falls back to legacy 4-step SR procedure.
4 Conclusion

In this contribution, we discuss the design for support of SR and contention based BSR, to reduce the latency in feNB-IoT. Based on the discussions, we summarize our views using the following proposals:

Proposal 1

· SR is supported only for UEs in good coverage. 

· Coverage is determined based on the repetition level of latest successfully detected NPRACH, or the max number of repetitions configured for NPDCCH in UE specific SS. 

· UE signals its capability on the support of SR.

· eNB configures SR resources via RRC signalling for UEs indicating its capability, and lack of SR resource configuration implies disabling of SR.
Proposal 2

· NPUSCH format 2 is reused for SR.

· Numerology and DMRS are the same as Rel-13 NPUSCH format 2.

· On-off keying modulation is used for SR.

· SR resources are configured via higher layer signalling, indicating the SR periodicity, offset, repetition number and subcarrier indexes. 

Proposal 3

· When SR and HARQ-ACK feedback subframes collide:

· If repetitions are used for any of them, SR is dropped.

· If no repetition is used for both, SR and HARQ-ACK feedback is multiplexed, by transmitting HARQ-ACK feedback on SR resource.

Proposal 4

· Consider the support of a very compact BSR transmission without UL grant, following the SR transmission. 
· When SR is detected while BSR is not decoded successfully, the SR procedure falls back to legacy 4-step SR procedure.
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