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Introduction
[bookmark: _Ref421460494]In RAN #75 meeting, a Rel-15 new WID on further NB-IoT enhancements was agreed, including:
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 this paper, the motivation and potential benefits of the semi-persistent scheduling for NB-IoT are discussed. 
Semi-persistent scheduling for NB-IoT
LTE introduced semi-persistent scheduling to reduce PDCCH overhead, especially for VoLTE service, which is characterized by regularly occurring transmission of relatively small payloads. eMTC also support SPS for both UL/DL for mode A for similar scenario. 
In SI phase for in GERAN, semi-persistent scheduling had been proposed. For example, in [2], semi-persistent scheduling for metering reports was proposed, which are characterized by regularly occurring reports of relatively small payloads. It was also observed that semi-persistent scheduling in the CIoT systems is beneficial in terms of reducing RACH collision and signaling overhead, and hence reducing power consumption to achieve longer battery life. For NB-IoT system, similar benefits can be expected with SPS. NPDCCH overhead can be significantly reduced, as well as signaling overhead in RACH procedure. 
Observation #1: Support UL/DL SPS for NB-IoT can reduce NPDCCH overhead, signaling overhead in RACH procedure.
In [3], it was proposed to use SPS to support SC-PTM, especially for SC-MTCH. For NB-IoT system, the max TBS is limited by one transmission. However, for some cases, e.g., software upgrade, the payload is much larger than the max TBS. Especially, considering the cell edge UEs in a cell, it is not optimal to use max TBS with high data rate. Therefore, multiple smaller TBS with SPS can be balance the system overhead and the performance. On the other hand, if some mechanisms can be introduced to reduce NPDCCH monitoring, it will be helpful on power consumption saving. Similar idea was proposed for paging [4], i.e., SPS for paging with a “wake up signal” can save more power consumption to monitor paging in idle more. 
Observation #2: Support UL/DL SPS for SC-PTM and paging with some mechanism to reduce NPDCCH monitoring can reduce both DL overhead and UE power consumption.
In addition, as discussed in [5], the latency of NB-IoT is also constrained by NPDCCH period. For example, NPDCCH period is at least 1.5× Rmax, therefore for UE in poor coverage, the NPDCCH period is quite long and this will impact on latency. With the support of SPS, it is possible to break the constraint of NPDCCH period and reduce latency. 
On the other hand, in NR discussion, Type 1 and Type 2 UL grant free transmissions are agreed to reduce latency. In Type 1, most of the parameters are configured by RRC and UE can directly transmit UL on the configured resource. Type 2 grant free is similar as LTE SPS and repetition case will be supported to provide high reliability.  Similarly, these methods can be considered in NB-IoT system to further reduce latency. 
Observation #3: SPS can reduce latency.
SPS for periodic small data transmission
As discussed above, the usage of semi-persistent scheduling can be used for periodic small data report, e.g., smart metering. In Rel-13/14 NB-IoT, only contention based SR via RACH is supported and UL data can only be transmitted after Msg 5. If SPS can be supported, there is no need to go through RACH procedure, which means almost half of the whole procedure for UL data report, shown as Figure 1. Naturally, power consumption reduction can be expected. One example, SPS could be used for buffer status report. Since TBS for BSR is fixed, it is easy to pre-configure a physical resource for the report. Compared with scheduling request, BSR can carry more information than 1 bits SR, which is very usefully for eNB to schedule a proper grant for uplink transmission. 
In order to support uplink data report for IoT traffic, longer SPS interval might needs to be introduced, e.g., up to minutes or hours. Some mechanisms to help eNB configure a proper semi-persistent scheduling interval may need further study, as well as the SPS activation/deactivation.
Observation #3: UE power consumption can be reduced with SPS for periodic small data transmission, e.g., BSR.
[image: ]
Figure 1 Data and signalling flow used to model NB-IoT Release 13 RRC Resume battery performance [6]
SPS for retransmission
NB-IoT only supports asynchronous adaptive HARQ for NPUSCH transmissions, which means each NPUSCH retransmission is triggered by an NPDCCH, with a 39 bits DCI payload. Same amount of overhead is needed to trigger a NPDSCH retransmission. However, most of the payload is useless, e.g., “resource assignment”, or even MCS in extended coverage mode. Moreover, there is no CSI feedback or even RSRP/RSRQ measurement report in NB-IoT system for eNB to assign a proper resource allocation. eNB can aggressively schedule a TB with a low code rate /a larger repetition number. However, this will result in a lot of unnecessary transmission and waste both spectral efficiency and also UE power consumption, especially for uplink. Alternatively, eNB can conservatively assign a UL or DL grant targeting to a lower BLER (e.g., 30%). As analyzed in [7] for eMTC UE in extended coverage, the “sweet spot” for power saving is when initial BLER of PUSCH is 0.45 with 64 repetitions and 1 PRB. In order to trigger a retransmission of NPUSCH, a NPDCCH with a payload of 39 bits needs to be transmitted, which may require hundreds of repetition. The resource for NPDCCH transmission is much higher than uplink resource for NPUSCH transmission. Especially, for NB-IoT system, one PRB may support up to 48 NPUSCH transmissions. NPDCCH resource may be the bottleneck to enable the “power saving strategy”. No matter which solution, UE power consumption and spectral efficiency are all very poor. Considering the payload, MCS and also the HARQ timing requirement for retransmission is quite stable, it is worthwhile to further study on the support of SPS for retransmission.  
Observation #4: Existing solution for NPUSCH scheduling either results in a high UE power saving or suffers from large NPDCCH overhead.
For example, shown as Figure 2, eNB can activate semi-persistent schedule one transmission with repetitions for one uplink transmission. After SPS activation, a compact DCI can be introduced, to provide a HARQ-ACK when SPS is activated. 1 bits or several field can be kept, e.g., repetition of NPUSCH. After receiving an ACK, UE can skip the SPS for rest NPUSCH retransmission, or even release SPS. 
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Figure 2 SPS for uplink retransmission

Similar as uplink, eNB can activate semi-persistent schedule one transmission with repetitions for NPDSCH transmission targeting to a high BLER, shown as Figure 3. After activation of SPS, UE can start to monitor a compact DCI. UE can provide feedback to eNB by sending ACK/NACK. For retransmission, some parameters can be eliminated for example, TBS, MCS, scheduling delay. DCI for repetition of NPDCH may need to be kept. The expected DCI size can be reduced to half. That is, similar half of repetition for NPDCCH can be expected. This can be used for scheduling a retransmission or new transmission of NPDSCH by keeping 1 bit NDI. Alternatively, a new NPDSCH transmission can be triggered by C-RNTI scrambled DCI as legacy behavior. 
Different from eMTC, considering NB-IoT only has 200kHz bandwidth, it may not be that easy to find multiple UE to multiple within one DCI to keep the DCI size. Therefore, a compact DCI is more preferred. The most important part is that by reducing DCI payload, NPDCCH monitoring time can be reduced so that UE power consumption can be reduced. For example, after SPS activation, UE can only monitor a compact DCI until SPS is released. One the other hand, SPS and compact DCI, it can avoid unnecessary uplink or downlink transmission. As some analysis for eMTC HARQ-ACK objective, if unnecessary uplink transmission can be avoid, the reduction of power consumption is attractive.
Observation #5: It is feasible to use SPS for retransmission for both uplink and downlink, which can reduce UE power consumption, as well as NPDCCH overhead. 
[bookmark: OLE_LINK3]Proposal: Support semi-persistent scheduling for both UL and DL. A compact DCI after SPS activation can be considered to reduce power consumption. 
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Figure 3 SPS for downlink retransmission

Conclusion
In this contribution, the motivation to introduce semi-persistent scheduling for NB-IoT was addressed. In addition, for NB-IoT, SPS can be considered for periodic small data transmission and/or UL and DL data retransmission. Based on the analysis and observations, we proposed: 
Proposal: Support semi-persistent scheduling for both UL and DL. A compact DCI after SPS activation can be considered to reduce power consumption. 
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