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1 Introduction
In RAN #75 meeting, new WID RP-170852 on Further NB-IoT enhancements was agreed as working agreement [1]. One of the objectives is further latency and power consumption reduction.
Further latency and power consumption reduction

· Power consumption reduction for physical channels

· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1,  RAN2,  RAN4]

· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]

· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3] 
· Consider further enhancement of quick release of RRC connection after the last data transmission[RAN2]

· Relaxed monitoring for cell reselection [RAN2, RAN4]

· Enable relaxed UE monitoring for cell (re)selection e.g. by (re)configuration

· Support for physical layer SR [RAN1, RAN2]

· Support for RLC UM in addition to Rel-14 SC-PTM support [RAN2]

In this contribution, we discuss the physical layer scheduling request for NB-IoT.
2 Necessity of physical layer scheduling request
Dedicated SR was not defined in Rel-13/Rel-14 NB-IoT. If the NB-IoT UE has ongoing NPUSCH transmission, scheduling request can be carried by PUSCH. Otherwise, scheduling request would be transmitted by random access procedure. When the NB-IoT UE has downlink traffic, scheduling request for higher layer ARQ transmission may be needed. If the scheduling request is transmitted by random access procedure, the NB-IoT cannot receive downlink data at the same time. Even if small scheduling request data can be transmitted by Msg3 during random access procedure, the data transmission in downlink would be interrupted. In addition, SR transmission by random access procedure needs additional overhead and may increase the power consumption.  
Introducing physical layer scheduling request can reduce the latency and power consumption. Furthermore, the congestion caused by massive random access procedure also can be avoided.
3 Solutions on physical layer scheduling request
Dedicated time-frequency resources can be configured for physical layer SR transmission. Different options can be considered:
· Option 1:  Configure dedicated resources for physical layer SR transmission, design new physical layer SR signal.

Multiple SR signals for different UEs may be multiplexed in the same configured time-frequency resources. The design of physical layer SR signal is more complex. But more scheduling requests from different UEs can be supported at the same time and the reserved resources for SR can be reduced.
· Option 2: Configure UE-specific resources for physical layer SR transmission. In this option, each configured dedicated resource for SR if occupied by single UE and cannot be multiplexed by different UEs. Physical layer SR is transmitted by single tone transmission.
· Option 2A: The resource size of physical layer SR is same as that of NB-IoT ACK/NACK transmission.
The structure is similar to that of ACK/NACK transmission. The resource size is 2 ms for 15 kHz subcarrier spacing and 8 ms for 3.75 ms subcarrier spacing depending on the configured subcarrier spacing for PUSCH. As exampled in Figure 1, periodic UE-specific SR resources are configured by the eNB.
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Figure 1 example of dedicated SR resources
Rel-13 NB-IoT ACK/NACK signal may be reused to transmit the SR in the UE-specific SR resources. In addition, if SR resource collide with ACK/NACK resource, it is possible to piggyback SR signal on ACK/NACK signal. 
· Option 2B: The resource size of physical layer SR is based on NB-IoT NPRACH symbol group. 
The resources can be configured within contention-free random access resource region or outside the random access resource region. UE-specific SR resources configured within contention-free random access region can reduce the impact on legacy UE. 

NPRACH signal can be reused to transmit the SR in the UE-specific SR resources. However, multiple SR signals cannot be multiplexed in the configured time-frequency resources. The resource occupation of Option 3 is larger than Option 1 and Option 2.
Considering the resource utilization efficiency and common design for scenarios with different coverage levels, single tone transmission is taken as a baseline.

Proposal 1: Dedicated resources are configured for physical layer SR signal transmission.

· Single tone transmission as a baseline

· FFS the physical layer SR signal

Physical layer SR signal in dedicated time-frequency resources may partially collide with HARQ-ACK transmission in time or frequency domain. Further study is needed to handle the collision issues.

Besides the solution to configure dedicated time-frequency resources for SR transmission, the SR signal also can be piggybacked on HARQ-ACK feedback for NPDSCH transmission. SR piggybacked on HARQ-ACK feedback would cause impact on existing mapping of HARQ-ACK signal. Definition of new mapping rule is needed to indicate the joint signal of SR and HARQ-ACK.  By utilizing SR signal piggybacked on HARQ-ACK feedback, DL data transmission would not be interrupted and the pre-configured dedicated SR resources can be reduced. However, transmission of SR still needs to kick off random access procedure if there has no DL dada transmission. 
Observation 1: SR signal piggybacked on HARQ-ACK feedback can reduce the pre-configured dedicated SR resources.
Proposal 2: SR signal piggybacked on HARQ-ACK feedback is supported.

· FFS the joint signal

4 Conclusions
In this contribution, we have discussed the physical layer scheduling request for NB-IoT. We make the following observations and proposals:
Observation 1: SR signal piggybacked on HARQ-ACK feedback can reduce the pre-configured dedicated SR resources.
Proposal 1: Dedicated resources are configured for physical layer SR signal transmission.
· Single tone transmission as a baseline

· FFS the physical layer SR signal
Proposal 2: SR signal piggybacked on HARQ-ACK feedback is supported.

· FFS the joint signal
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