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The WID of further NB-IoT enhancements [1] includes further latency and power consumption reduction as one set of objectives of the work item as follows:
A-1. 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]

In RAN1 #90 meeting the agreements on SPS are as follows:

Agreement:
· If SPS is supported in NB-IoT, at least the following physical layer aspects need to be further studied, considering the objective to reduce UE power consumption:
· DCI format(s), size(s), and purpose(s)
· Reduction of NPDCCH monitoring occasions 
· Retransmission scheme(s) for UL and DL.
· Activation/release mechanism(s)
· Issues between SPS and dynamic scheduling
· What baseline should be used to compare SPS to

In RAN2 #99bis meeting, some SPS agreements are also reached.
	From R2 perspective it seems feasible to design SPS as an alternative to PUCCH for D-SR (+BSR) in connected mode. However there may be performance differences between SPS and Physical Layer solution, e.g. overhead, which will not be evaluated in R2. 
R2 leave it to R1 to decide what to do, e.g. whether to develop a physical channel for D-SR, or request R2 to develop a SPS solution for D-SR (+BSR). 
We support SPS for SC-PTM (note that there would be differences to legacy unicast SPS)




Discussion on Semi-Persistent Scheduling in NB-IoT
In NB-IoT, a UE has to monitor NPDCCH search spaces every T ms (T=G*Rmax). This sets a baseline for UE power consumption in some cases e.g. periodic data transmission. To reduce the number of search spaces/DCIs UE has to monitor, semi-persistent scheduling can be supported if power consumption can be reduced. Besides the power consumption reduction, latency gain can also be achieved if the UE can transmit/receive earlier than the next dynamic scheduling opportunity. Power consumption reduction should be the principal benefit when evaluating DL/UL SPS benefits for NB-IoT, with latency reduction a potential extra benefit. Besides the power consumption and latency, the resource overhead of SPS should also be considered.
Observation 1: Power consumption, resource overhead and latency should all be evaluated for SPS. Power consumption reduction is more important than latency reduction.
Based on RAN2 agreements, it has been discussed whether to transmit BSR (Buffer Status Report) by uplink SPS for connected mode UEs. In this case, the eNB would reserve periodic resources as long as the SPS is activated successfully. The UE can send BSR through these reserved resources to inform the amount of uplink data in its buffer. After that, the eNB may grant appropriate uplink resources for the uplink data. However, from RAN1 perspective, SR (scheduling request) will be supported in Rel-15 NB-IoT as stated in the WID. Dedicated SR can also be designed to carry BSR. The detailed SR design can be found in [2]. However, the resource overhead of SPS and SR is different. Generally, the resource overhead of SR carrying BSR is lower than that of SPS, since in SPS, a MAC PDU consisting of a MAC header and a MAC CE is needed while for SR, it is based on signal detection and can reuse some NPRACH resources. Additionally, since reserved SPS resources are not known by other UEs so NPUSCH resources scheduled by DCI format N0 have to be arranged around the reserved resources for uplink SPS. Thus the scheduling flexibility for NPUSCH will be reduced if SPS is used.
Observation 2: For BSR transmission, the resource overhead of uplink SPS is higher than that of SR.
Proposal 1: Uplink SPS is not supported for BSR transmission.
1.1 Connected mode SPS
In LTE, after SPS activation, initial transmission of a transport block can occur in SPS subframes or any other subframe because the UE monitors all the search spaces. But for SPS in NB-IoT, in order to reduce UE’s power consumption, the UE should be permitted to not monitor all the search spaces. As an example, the DL SPS with reduced search space monitoring is shown in Fig. 1. In the SPS period, there exist DCIs that the UE does not need to blind detect (as shown in gray color blocks). Thus, the UE’s power consumption can be reduced. However, if a TB that is initially transmitted in SPS resources is not decoded correctly, a NACK would be sent to the eNB. Then how to re-transmit this TB and feedback ACK/NACK for the re-transmitted TB needs to be studied.
[image: ]
Fig. 1 DL SPS with reduced search space monitoring
Proposal 2: DL SPS in connected mode can be supported.
Proposal 3: The problem of re-transmission needs to be considered in connected mode SPS.
1.2 Idle mode SPS
In Rel-13/14 NB-IoT, a contention-based random access would be trigged to request resources once there is UL data to be sent for an idle mode UE. In addition to requesting resources, uplink timing can also be synchronized by TA adjustment, thus the eNB can receive NPUSCH correctly. Considering the possibility to transmit NPUSCH without entering connected mode by using SPS, one method is to reserve NPUSCH resources. However, the uplink may be out of synchronization so the reserved NPUSCH may not be received by eNB correctly. It may have some other problems e.g. power control. Another method is to reserve dedicated NPRACH resource for each UE and transmit UL data by Msg3 in each SPS occasion. This method needs to reserve large NPRACH resources and NPRACH capacity may also be impacted.
For DL idle mode SPS, if the UE needs to send ACK/NACK feedback then the TA and power control problem still exists. From that point of view, DL idle mode SPS without feedback is more appropriate.
Proposal 4: DL idle mode SPS without feedback can be supported.
Conclusion
This contribution analyses connected mode SPS and idle mode SPS and give some views as follows:
Observation 1: Power consumption, resource overhead and latency should all be evaluated for SPS. Power consumption reduction is more important than latency reduction.
Observation 2: For BSR transmission, the resource overhead of uplink SPS is higher than that of SR.
Proposal 1: Uplink SPS is not supported for BSR transmission.
Proposal 2: DL SPS in connected mode can be supported.
Proposal 3: The problem of re-transmission needs to be considered in connected mode SPS.
Proposal 4: DL idle mode SPS without feedback can be supported.
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