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1 Introduction

In RAN1 #88bis meeting, the following agreements have been made for scheduling request (SR) in feNB-IoT to reduce latency and power consumption [1]: 
Agreement:
· SR should only be used when an NB-IoT UE is in uplink sync in RRC connected mode. 

· TA estimation should not be a design target of SR signal.

· Sending SR with HARQ ACK/NACK can serve as the baseline case for UE with DL data 

· Further designs to be considered for dedicated SR signal design are:

· Based on NPRACH signal;

· Based on NPUSCH format 2:

· Non-coherent detection based format is not precluded

· Collision handling for dedicated SR is FFS

Agreements:

· Design criteria for physical layer SR:

· Power consumption reduction

· Latency reduction

· Impact on legacy NB-IoT scheduling and resources

· Traffic models used and SR resource configurations should be reported together with evaluations. 

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. 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 NB-IoT and Rel-14 eNB-IoT.
In this contribution, we discuss the design for the support of SR, including the applicability and configuration of SR, SR physical design, SR resource allocation, and collision handling aspects.
2 Applicability and configuration of SR
As mentioned in the Introduction, the motivation for the 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 maximum number of repetitions configured for NPDCCH in UE specific search space (USS). 

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. 

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 maximum number of repetitions configured for NPDCCH in USS. 

· 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.
3 Physical design of SR

Sending SR with HARQ-ACK feedback can be used only for UEs with DL data. However, for UEs without DL data, dedicated SR is needed to reduce latency. In this section, we first provide the physical design for dedicated SR. Then, we discuss the method to transmit SR with HARQ-ACK feedback for UEs with DL data. 

3.1 Dedicated SR design
Dedicated SR signal design can be based on NPRACH signal or NPUSCH format 2. It has been agreed in RAN1 #88bis meeting that the SR should only be used when an NB-IoT UE is uplink synchronized in RRC connected mode, while the NPRACH is designed for UEs that are out of UL synchronization. Thus, there is no need to design SR signal based on NPRACH structure. On the other hand, NPUSCH format 2 is designed to carry 1-bit HARQ-ACK feedback in Rel-13 NB-IoT. As SR is also a 1-bit information, it is preferred to use NPUSCH format 2 as the baseline for SR signal design. 

To minimize the spec changes, the design on numerology and DMRS can follow Rel-13 NPUSCH format 2, while the modulation can be different. HARQ-ACK feedback always uses pi/2-BPSK modulation scheme, while the SR can use on-off keying modulation following LTE SR design. In other words, SR is transmitted only when UE has the need for UL resources; otherwise, no SR transmission occurs.
3.2 SR with HARQ-ACK feedback
To multiplex SR with HARQ-ACK feedback, one method is to support higher modulation order to carry the 2-bit information. However, the required SNR would be ~3dB higher compared to cases without multiplexing. To keep the same coverage, larger number of repetitions is needed for SR with HARQ-ACK feedback using higher modulation order. This would result in larger UE power consumption. In addition, due to the configuration of larger number of repetitions for HARQ-ACK feedback for UEs supporting SR with HARQ-ACK, more resources need to be reserved.  Therefore, it is not preferred to multiplex SR with HARQ-ACK feedback using higher modulation order. 
Another method to multiplex SR with HARQ-ACK feedback is to follow LTE design, where HARQ-ACK feedback is transmitted on SR resources. This can be used when the SR transmission and HARQ-ACK feedback collide. In other cases, a dedicated SR will be used. Multiplexing SR with HARQ-ACK feedback by transmitting HARQ-ACK on configured SR resources is preferred, since there are no UE power increase and no additional resources as SR resources are already reserved for dedicated SR.  
Proposal 2

· Dedicated SR design uses NPUSCH format 2 as the baseline.

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

· On-off keying modulation is used for SR.

Proposal 3

· SR and HARQ-ACK feedback are multiplexed by transmitting HARQ-ACK on SR resource.
· This is applied when SR and HARQ-ACK feedback subframes collide. Otherwise, dedicated SR is used. 
4 Resource allocation for SR

For resource allocation of dedicated SR, using a part of NPRACH resources can help reduce the collisions with legacy NB-IoT UEs, where NPUSCH transmission is postponed when it collides with NPRACH resources. Specifically, SR can use the reserved NPRACH resources. However, this introduces correlated resource configurations for SR and NPRACH. More frequent NPRACH resources may be needed to support sufficient SR opportunities and thus to maximize the benefits of SR. 
On the other hand, the SR resources can be configured by higher layer signalling, which indicates the SR periodicity, offset, number of repetitions and subcarrier index. Separate configurations for SR and NPRACH are adopted. It is up to eNB scheduling to avoid the collisions between SR resources and NPUSCH transmissions from legacy UEs. The scheduling burden for such collision handling is mainly on the scheduling of UEs in deep coverage, which requires large number of repetitions for NPUSCH. However, for these UEs in deep coverage, single-tone transmission would be a natural approach for coverage enhancement of NPUSCH. Given that SR based on NPUSCH format 2 is a single-tone transmission, SR and NPUSCH transmissions can be multiplexed in frequency domain. For example, with single tone transmission of 3.75 kHz subcarrier spacing, there are in total 48 subcarriers, which provides quite large multiplex capacity and reduces the impact on scheduling flexibility.  
Proposal 4

· Consider the following resource allocation methods for dedicated SR:
· SR uses a part of NPRACH resources. 

· The impact on the associated configurations for SR and NPRACH resources needs to be studied.

· SR resource is configured by higher layer signalling, as separated resources from NPRACH. 

· It is up to eNB scheduling to avoid collisions between SR and NPUSCH from legacy UEs. 
5 Conclusion

In this contribution, we discuss the design for support of SR to reduce latency in feNB-IoT. Based on the above 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 maximum number of repetitions configured for NPDCCH in USS. 

· 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

· Dedicated SR design uses NPUSCH format 2 as the baseline.

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

· On-off keying modulation is used for SR.

Proposal 3

· SR and HARQ-ACK feedback are multiplexed by transmitting HARQ-ACK on SR resource.

· This is applied when SR and HARQ-ACK feedback subframes collide. Otherwise, dedicated SR is used. 

Proposal 4

· Consider the following resource allocation methods for dedicated SR:
· SR uses a part of NPRACH resources. 

· The impact on the associated configurations for SR and NPRACH resources needs to be studied.

· SR resource is configured by higher layer signalling, as separated resources from NPRACH. 

· It is up to eNB scheduling to avoid collisions between SR and NPUSCH from legacy UEs. 
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