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1 Introduction
In RAN#75, a new work item on “Further NB-IoT enhancement” was agreed [1].

One objective of this WID is studying and introducing UL/DL semi-persistent scheduling (SPS) if found beneficial to reducing latency and power consumption. 
RAN1 has received contributions on this objective from RAN1#88bis, but is waiting for sufficient progress in RAN2, where this objective is to be lead.
In this contribution, we start with the use cases that would benefit from introducing SPS in NB-IoT. Then some main aspects of SPS solutions in NB-IoT are discussed.

2 Discussion
2.1 Use cases and benefits
SPS allows UE to use a UL/DL grant provided via pre-configuration instead of NPDCCH scheduling, which can be beneficial for reducing the power consumption and latency.
2.1.1 Uplink SPS

· Periodic or non-continuous uplink data in connected mode
In Rel-13/14 NB-IoT, during an ongoing continuous uplink data transfer, padding BSR is used to request uplink resource allocation. For periodic or non-continuous data (e.g. periodic report, response to a NAS message, application acknowledgement), when the new data arrive, the previous uplink data transmission has finished, which means there is no possibility to include a BSR to report new data arrival. In this case, the only way to request uplink resource allocation is to initiate a random access procedure, even if the UE is in connected mode. 
Uplink SPS can avoid random access caused by periodic or non-continuous data in connected mode, which is beneficial for reducing UE power consumption. If the UE uses random access to request an uplink grant in connected mode, the earliest opportunity for the eNB to provide an uplink grant is during contention resolution with MSG4, i.e. with a NPDCCH scrambled with C-RNTI. Before contention resolution, preamble, RAR and Msg3 are exchanged between the eNB and the UE. However, with support of uplink SPS, the UE will be able to send a BSR directly using the SPS uplink grant. Thus, considering the number of messages needed before an uplink transmission, uplink SPS can reduce the latency also.
Observation 1: Uplink SPS is beneficial for reducing power consumption and latency for NB-IoT UEs transmitting periodic or non-continuous data in connected mode.

2.1.2 Downlink SPS

· Large file transfer in IDLE mode and connected mode
Large files such as software/firmware update can be transmitted to the UEs by multicast (SC-PTM). The maximum downlink TBS for Cat. NB1 UE and Cat. NB2 UE are 680 bits and 2536 bits. Taking a software package of 50 kbytes as an example, at least 588 transport blocks for Cat. NB1 UE and 158 transport blocks for Cat. NB2 will be needed. With dynamic scheduling, NPDCCH is needed for each transport block, which may not be efficient. 

Downlink SPS can avoid having one NPDCCH for each transport block. From the network perspective, radio resources can be saved, especially for the deep coverage case. From the UE perspective, not monitoring these saved NPDCCH is beneficial for power consumption (assuming that the UE does not need to monitor NPDCCH for other reasons at the same time).
Observation 2: For large file transfer, downlink SPS is beneficial to save network resource and can be beneficial to reduce UE power consumption.

Proposal 1: Introduce support of DL SPS and UL SPS to reduce power consumption and latency of NB-IoT UEs.
2.2 SPS solutions in NB-IoT
In this section, different SPS solutions are discussed and proposed separately for the different uses cases identified in section 2.1.

2.2.1 Uplink SPS in connected mode
· Decision by the UE to request UL SPS
In LTE, SPS was introduced for VoLTE and the eNB identifies the VoLTE service from the QoS. Thus, the eNB can decide when to use SPS for the UE. 
In NB-IoT, QoS does not permit the eNB to identify if there is an uplink periodic service. Besides periodic data, non-continuous data such as exception reports cannot be predicted by the eNB. Thus, it is difficult for the eNB to decide when to use uplink SPS for the use cases in 2.1.1.

Observation 3: For the uplink SPS use cases, it is very difficult for the eNB to decide when to use uplink SPS.

However, the UE can be informed by the application layer of the traffic pattern, e.g. periodic or non-continuous uplink data. Thus, it is proposed to let the UE request uplink SPS resource from the eNB.
Proposal 2: UL SPS is requested by the UE and configured by the eNB.

There are two ways for the UE to request UL SPS:

Option 1: Introducing an indication in Msg3 to indicate a request for UL SPS.

Option 2: Reserving a set of NPRACH resources for UL SPS request in the system information. The UE uses a preamble from the reserved NPRACH resources to indicate a request for UL SPS.

Compared with Option 1, Option 2 will cause additional NPRACH fragmentation. Since the earliest opportunity for the eNB to configure SPS is Msg4, indicating the request in Msg3 is enough. Therefore, it is proposed to introduce an indication in Msg3 to indicate the request for the UL SPS.
Proposal 3: Introduce an indication in Msg3 to indicate the request for the UL SPS.
· UL SPS grant

In LTE, VoLTE service has relatively fixed interval and data rate. The eNB can configure appropriate TBS for SPS. However, in NB-IoT, because the eNB cannot know the information about the service, it is very difficult to configure appropriate TBS for UL SPS and using large SPS UL grant may cause waste and fragmentation of NPUSCH resource. Considering the use cases, UL grant in SPS for NB-IoT shall be small and only for sending BSR.
Proposal 4: SPS grant that allows sending BSR is enough for UL SPS in NB-IoT.
· Configuration and activation of UL SPS
In LTE, SPS is configured and released by RRC signalling. After the RRC configuration, the eNB can use PDCCH scrambled with the pre-configured SPS-C-RNTI to activate/re-activate/de-activate the usage of the SPS resources. The benefit of using PDCCH to activate/re-activate/de-activate is scheduling flexibility. The eNB can start/stop SPS scheduling and change the transmission parameters very flexibly and fast. On the other hand, although SPS scheduling is PDCCH-less, the UE still needs to keep monitoring PDCCH for SPS re-activation and de-activation. In this case, SPS is only beneficial to network resource usage, not to UE power consumption.
Observation 4: With support of SPS-C-RNTI (activation/re-activation/de-activation), SPS is only beneficial for saving PDCCH resource, but not for reducing UE power consumption.
In NB-IoT, the primary traffic model is small packets, which means the duration of connected mode is not long compared with LTE. During connected mode, the radio conditions are not assumed to change frequently and, as proposed, the UL SPS grant is for BSR transmission, which is small. Thus, the need for scheduling flexibility in SPS is relatively small for NB-IoT UEs in connected mode. Therefore, it is proposed that NPDCCH-based SPS activation/re-activation/de-activation is not supported in UL SPS for NB-IoT. In other words, SPS is both configured and activated by RRC signalling, and the UE does not need to monitor NPDCCH during SPS in order to reduce UE power consumption.
Proposal 5: NPDCCH-based SPS activation/re-activation/de-activation is not supported in UL SPS.

Without NPDCCH-based SPS activation/re-activation/de-activation, besides the scheduling interval, other scheduling information such as TBS, MCS and number of repetitions need to be carried by RRC signalling also. The RRC signalling can be RRCConnectionSetup, RRCConnectionResume or RRCConnectionReconfiguration message for both the CP solution and UP solution.
Proposal 6: The scheduling interval, TBS, MCS and number of repetitions of the UL SPS grants are configured by RRC signalling in RRCConnectionSetup, RRCConnectionResume or RRCConnectionReconfiguration message for both the CP solution and UP solution.

· Use of UL SPS resource
Since one of the major objective of introducing SPS in NB-IoT is to reduce the UE power consumption, it would be beneficial to allow the UE skipping the SPS UL grant when no data are available for transmission.

Proposal 7: To save UE power consumption, the UE is allowed to skip the SPS UL grant if no UL data are available for transmission.

NB-IoT UEs cannot transmit UL data during a DL transmission (NPDCCH for scheduling, NPDSCH for reception and NPUSCH for feedback) due to the use of half-duplex mode. Therefore, if the eNB schedules the UE with a DL transmission which collides with the SPS UL grant in the time domain, the eNB can reuse the reserved UL resource for other UEs till the end of the DL transmission, thus improving the efficiency of NPUSCH resource.
Proposal 8: To improve the efficiency of NPUSCH resource, the SPS UL grant which collides with a DL transmission in the time domain can be reused for other UEs.
In our proposal, the main use of UL SPS grant is BSR transfer. Once the eNB has scheduled a UL data transmission , there is no need to reserve the UL SPS grant for this UE anymore because the UE can send regular BSR together with the uplink data to request additional uplink resource allocation till the uplink buffer becomes empty. Thus, to save uplink resources, the UL SPS grant shall no longer be used until the UE sends a BSR of size zero.

Proposal 9: To save uplink resource, the UL SPS grant is not used during an ongoing UL transmission, i.e. until the UE sends BSR of size zero.
2.2.2 Downlink SPS solution
As identified in section 2.1.2, the main use case for DL SPS is to avoid having NPDCCH for each transport block in order to save network resources and UE power consumption during large file transfers. In contrast to the use cases for UL SPS, the transmission duration of a large file is relatively long. The adaption of scheduling information needs to be considered, which means a NPDCCH-based solution is needed. For both IDLE mode and connected mode, using one NPDCCH to schedule several consecutive transport blocks similar to proposal in [2] and [3] can be considered as the basic principle for DL SPS solution in NB-IoT. To achieve this SPS scheduling, a new DCI format is needed. The details are FFS and depend on RAN1 design.
Proposal 10: In order to reduce the NPDCCH overhead and UE power consumption during large file transfers in both IDLE mode and connected mode, use a single NPDCCH to schedule several transport blocks. The details of DCI format depend on RAN1 design.
For large file transfers using SC-PTM in IDLE mode, whether or not the new DCI format is used for SC-MCCH and SC-MTCH can be configured by SIB20-NB and SC-MCCH respectively. For larger file transfers in connected mode, the use of the new DCI can be configured by RRC dedicated signalling in RRCConnectionSetup, RRCConnectionResume or RRCConnectionReconfiguration message for both the CP solution and UP solution.
Proposal 11: For DL SPS with SC-PTM in IDLE mode, the use of the new DCI is configured by SIB20-NB and SC-MCCH.

Proposal 12: For DL SPS in connected mode, the use of new DCI is configured by RRCConnectionSetup, RRCConnectionResume or RRCConnectionReconfiguration message for both the CP solution and UP solution
3 Conclusion

This paper focus on the use cases and some general aspects of SPS in NB-IoT. The corresponding observations and proposals are listed below. 
Observation 5: Uplink SPS is beneficial for reducing power consumption and latency for NB-IoT UEs transmitting periodic or non-continuous data in connected mode.
Observation 6: For large file transfer, downlink SPS is beneficial to save network resource and can be beneficial to reduce UE power consumption.

Observation 7: For the uplink SPS use cases, it is very difficult for the eNB to decide when to use uplink SPS.
Observation 8: With support of SPS-C-RNTI (activation/re-activation/de-activation), SPS is only beneficial for saving PDCCH resource, but not for reducing UE power consumption.
Proposal 13: Introduce support of DL SPS and UL SPS to reduce power consumption and latency of NB-IoT UEs.
Proposal 14: UL SPS is requested by the UE and configured by the eNB.
Proposal 15: Introduce an indication in Msg3 to indicate the request for the UL SPS.
Proposal 16: SPS grant that allows sending BSR is enough for UL SPS in NB-IoT.
Proposal 17: PDCCH-based SPS activation/re-activation/de-activation is not supported in UL SPS.

Proposal 18: The scheduling interval, TBS, MCS and number of repetitions of the UL SPS grants are configured by RRC signalling in RRCConnectionSetup, RRCConnectionResume or RRCConnectionReconfiguration message for both the CP solution and UP solution.

Proposal 19: To save UE power consumption, the UE is allowed to skip the SPS UL grant if no UL data are available for transmission.

Proposal 20: To improve the efficiency of NPUSCH resource, the SPS UL grant which collides with a DL transmission in the time domain can be reused for other UEs.

Proposal 21: To save uplink resource, the UL SPS grant is not used during an ongoing UL transmission, i.e. until the UE sends BSR of size zero.

Proposal 22: In order to reduce the NPDCCH overhead and UE power consumption during large file transfers in both IDLE mode and connected mode, use a single NPDCCH to schedule several transport blocks. The details of DCI format depend on RAN1 design.

Proposal 23: For DL SPS with SC-PTM in IDLE mode, the use of the new DCI is configured by SIB20-NB and SC-MCCH.

Proposal 24: For DL SPS in connected mode, the use of new DCI is configured by RRCConnectionSetup, RRCConnectionResume or RRCConnectionReconfiguration message for both the CP solution and UP solution
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