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1 Introduction

At RAN#75, a new work item of further NB-IoT enhancements has been approved [1]. One of the objectives in this work item is to support physical layer SR:

Further latency and power consumption reduction

· Support for physical layer SR [RAN1, RAN2]
In this contribution we discuss the benefits of physical layer SR and provide some design considerations.
2 The benefits of physical layer SR
In Rel-13 and Rel-14, there is no dedicated physical layer SR in NB-IoT. For the UE in connected mode and still with uplink synchronization, when UL data arrives and no UL-SCH resources are available, UE has to initiate a random access procedure to request UL-SCH resources for new transmission. If the dedicated SR is introduced, when UL data arrives, UE only needs to send SR in the specific resource to request UL-SCH resources for new transmission. The typical procedure is shown in Figure 1. Note that in NB-IoT, the new MAC CE of data volume and power headroom report (DPR) is sent in Msg3 rather than short BSR. Short BSR is used later for e.g. periodic BSR.
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Figure 1 The procedure of UL data arrival
As shown in Figure 1(a), the earliest chance for UL data transmission is after the random access procedure. So in this scenario, dedicated SR can save random access procedure steps, reducing UE power consumption, latency to receiving DPR, and reduce the signalling over-the-air to deliver the message. It is beneficial to reduce power consumption and latency. In addition, since the random access procedure in Figure 1(a) is contention based, the possibility of contention means more access attempts, larger latency and more power consumption.
Observation 1: For the UE in connected mode and still with uplink synchronization, when UL data arrives and no UL-SCH resources are available, dedicated SR can save random access procedure power, resources, and latency.
3 Design considerations
3.1 Signal design

As a scheduling request, only 1 bit or very few bits of information (when coarse BSR is considered in physical layer SR) needs to be transmitted. Similar to NPRACH design and NPUSCH format 2 design in Rel-13, a sequence-based signal with single-tone transmission is a good solution to convey SR information   due to the low receiver detection complexity and low resource overhead. 
The existing NPRACH design can be a good start point for physical SR signal design. Some modification or variations of NPRACH may be necessary. For example, the capacity impact should be taken in to consideration to avoid big impact on random access transmissions. Furthermore, the inter-cell interference should be also minimized with existing signals and some low cross-correlation design may be needed.
Proposal 1: A single-tone based transmission is considered for physical layer SR signal design.

Proposal 2: Existing uplink transmissions are considered as the starting point of SR signal design, and some variations may be needed to achieve other requirements such as capacity and low cross correlation with existing signals from neighbour cells etc.

3.2 Resource allocation

The physical layer SR is triggered by UE in connected mode, and the network does not know when UL data will arrive for a UE in the cell. Therefore, pre-reserved resource should be allocated for SR transmission when UEs set up the RRC connection, and the opportunities for SR transmission should be periodic. Thus the resource for physical layer SR should be configured to be periodic and a UE can use the next available resource to send SR when an uplink data arrives.  

Proposal 3: Periodic resource is used for SR transmission and configured to UEs supporting physical layer SR. 

Some periodic uplink resource for SR then needs to be reserved in uplink carriers. However, the SR resource for Rel-15 UEs may overlap with some data scheduling of legacy UEs. Although this can be handled by the scheduler by implementation, the flexibility of the scheduling may be affected. Hence, the backward compatibility with existing uplink transmission of legacy UEs is preferred to be taken into consideration. 

In legacy specification, the NPRACH resource is periodic and existing NPUSCH transmission of legacy UEs is postponed when collision with RACH resource. Hence, using a part of the NPRACH resources, e.g. among the resources for NPDCCH ordered RACH, is a good starting point. The resource for NPDCCH ordered RACH is easier to use because there is no impact on UE-initiated NPRACH transmission, and the eNB can handle the collision of NPRACH preamble triggered by NPDCCH order and SR transmission by scheduling of ordered RACHs. 

Proposal 4: Using a part of the NPRACH resources, e.g. among the resources for NPDCCH ordered RACH, is considered as the starting point for physical layer SR resource allocation.
3.3 Coverage level
Different UEs have different coverage levels. If the network allocates resource according to the worst coverage level, it will waste lots of resources from the perspective of UEs in better coverage levels. On the other hand, if the network allocates resource according to a good coverage level, the performance cannot be ensured for UEs in bad coverage levels. So the resource allocation for SR transmission should balance the occupancy of resources and the performance. The coverage level should be considered.
Proposal 5: The resources for SR transmission are set depending on coverage levels.

4 Conclusions
In this contribution, we discuss the benefits of introducing physical layer SR and provide our considerations about the design of physical layer SR. The following observations and proposals are made.
Observation 1: For the UE in connected mode and still with uplink synchronization, when UL data arrives and no UL-SCH resources are available, dedicated SR can save random access procedure power, resources, and latency.

Proposal 1: A single-tone based transmission is considered for physical layer SR signal design.

Proposal 2: Existing uplink transmissions are considered as the starting point of SR signal design, and some variations may be needed to achieve other requirements such as capacity and low cross correlation with existing signals from neighbour cells etc.

Proposal 3: Periodic resource is used for SR transmission and configured to UEs supporting physical layer SR. 

Proposal 4: Using a part of the NPRACH resources, e.g. among the resources for NPDCCH ordered RACH, is considered as the starting point for physical layer SR resource allocation.
Proposal 5: The resources for SR transmission are set depending on coverage levels.
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