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1
Introduction
In RAN#75, a new work item [1] on further NB-IoT enhancements was approved. This work item includes the following objective:
· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]
In this contribution we present our views on SPS.
2
Power consumption reduction via SPS
The main advantage of legacy SPS (as defined in LTE) is the reduction of downlink overhead. SPS is typically considered for applications with periodic data arrivals (e.g. VoLTE), and has lately been considered for low latency applications in which the UE is not required to transmit padding bits in case it does not have pending data.

For IoT applications, the benefit of legacy SPS may be reduced, since typical IoT transactions are short, and the amount of data to transmit may not justify setting up an SPS session. 

Some IoT applications, however, may have predictable traffic patterns. For example, a metering application can be programmed to report once or twice a day at a given time. This predictability, however, does not seem to be exploitable via SPS, since it would require keeping the UE in connected mode for several hours. Extending SPS to idle mode could bring the following benefits:

· It allows to transmit data during random access without the need to undergo contention resolution, since data is transmitted in the reserved resources for the UE.
· Many NB-IoT UEs are static, so the cell can reserve the resources for a long time, since the UE is unlikely to go through cell reselection.

· It reduces the randomness of the UE traffic (and thus increases the amount of traffic an eNB can support), since a smart eNB/network scheduler can arrange the reporting times of different UEs uniformly across the day (in case it is not delay-sensitive data).
From RAN1 perspective the impact of semi-persistent scheduling in idle mode is limited, since it may not need the introduction of any new physical channel. The procedure can be as follows:

0) Higher layers (e.g. NAS) configure a reserved NPRACH resource for the UE e.g. twice a day, identified by HFN/SFN.

1) The UE transmits NPRACH,
2) The UE receives a RAR with an uplink grant 

3) UE transmits NPUSCH using the grant as indicated in RAR
4) UE monitors for ACK.

5) eNB decodes the NAS PDU and forwards it to the MME

A call flow of this is shown in Figure 1. Note that the main advantage of this proposal is that the transmission of msg3 is in a reserved resource, so no collisions are expected. 
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Figure 1 Baseline “early data” in msg3 (left) and optimized with contention-free NPRACH (right)
Another alternative would be to allow for SPS NPUSCH transmission directly from idle mode, but this may present problems in terms of timing advance or power control. If these can be solved, an alternative like the one shown in Figure 3 can be considered, where the data is transmitted directly in NPUSCH from idle mode.
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Figure 3 “Early data” in msg3 with reserved NPUSCH

Thus, in our view, the benefits of SPS in terms of power consumption of NB-IoT reside in the consideration of SPS together with “early data” transmission.

Proposal 1: From RAN1 perspective, it is beneficial to support semi-persistent scheduling of reserved NPRACH resources in idle mode, together with “early data” optimizations.
· Proposal 1a: Semi-persistent scheduling of reserved NPUSCH resources can be considered if problems with initial power control and timing advance can be solved.
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