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Introduction
According to the WID [1] for Rel-15 NB-IoT Semi-Persistent Scheduling (SPS) should be investigated as a means to help reduce power consumption and latency for NB-IoT or as it is stated in the WID:
	Further latency and power consumption reduction
· Power consumption reduction for physical channels
· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]




So far there is one RAN2 agreement regarding SPS, namely adding SPS to SC-PtM [2] while the UE is in RRC_IDLE. In this paper, we present the status after a few meetings and propose a way forward.
[bookmark: _Ref178064866]Discussion
When designing NB-IoT the idea was that transmissions would be small and thus possible to send in just one transport block, i.e. no need to request more resources. With time this assumption has changed a bit and now there are proposed use cases for both UL and DL where it is assumed that the data file is larger than one transport block. With dynamic scheduling each transport block on NPDSCH is preceded by a DL assignment sent over NPDCCH while for PUSCH the transport block is preceded an UL grant, thus adding some overhead. Further, whenever a UE without a valid grant has to ask for more transmission resources the UE has to initiate an SR-RACH. Hence, it is of interest to add support for SPS in NB-IoT since the need for NDPCCH transmissions and RACH attempts can be reduced.
SPS Overview
In LTE, the PDCCH (NPDCCH in NB-IOT) carries the allocation information for both the downlink and uplink shared channels, PDSCH and PUSCH, respectively. Each allocation is carried as Downlink Control Information (DCI) and the size of the DCI depends upon several factors including whether it is for uplink or downlink. The main motivation for introducing SPS in Rel-8 was an assumption that the limited size of PDCCH (generally, 3 OFDM symbols) would limit the number of VoLTE users in a cell. With only 3 symbols there is a limit in how many DCIs that can be carried in a subframe (1 ms), which in turn limits the number of UEs that can receive an allocation. With SPS, the UE is RRC configured by the eNB with an SPS C-RNTI, a periodicity, etc. Once configured, the UE receives an allocation (DL or UL) using the SPS C-RNTI which is repeated according to the pre-configured periodicity. For the lifetime/validity period of a configured assignment/grant (i.e., from when it is configured until it is reconfigured or released) the characteristics of the allocation do not change, such as RB assignment and MCS. If the radio conditions change a lot a new DCI with other allocations is needed. 
In dynamic scheduling there is a one-to-one mapping between PDSCH, PUSCH and PDCCH transmissions.  The gain with SPS in the DL is that one DL assignment (DCI) can be followed by a number of PDSCH transmissions (while a UL grant can be followed by several PUSCH transmissions), thus reducing the number of required PDCCH transmissions. One could consider different ways to implement SPS for NB-IoT, e.g. a grant is followed by a fixed number of PDSCH transmissions or a grant is valid until some message stops the transmission (like for legacy LTE). 
For legacy LTE, the use of SPS not only has the potential to increase allocation capacity, but power consumption is also reduced with the use of SPS. This since the UE may reduce the time needed for listening for PDCCH transmissions.
[bookmark: _Toc480899414][bookmark: _Toc505951273][bookmark: _Toc506521375]An NB-IoT UE may benefit from SPS when a data file is too large to be sent in the first allocation. 
[bookmark: _Toc506521376]An NB-IoT UE may benefit from SPS in case of some very frequent measurement reports i.e. every 5s or 10s or so (or DL for that matter). 
[bookmark: _Toc505951274][bookmark: _Toc506521377]Use of SPS may fulfil the objective of the WI to reduce UE power consumption.
Discussed use cases
The discussion on SPS in 3GPP is very much use case driven. After an email discussion the companies in RAN2 agreed on 4 likely use cases [2]:
1) Seldom (e.g. once per day) reoccurring transmissions with UE in RRC_IDLE: Many open issues remain to be evaluated and discussed, such as ACK/NACK, configuration, activation/deactivation, transport format selection, eNB reserving resources for UEs that are no longer in the cell, , etc.  See [3] for details.
[bookmark: _Toc505951275][bookmark: _Toc506521378]For use case 1 there are many open issues that need to be investigated, if this should be considered.
2) DL or UL transmission of large files; UE is RRC_CONNECTED.  This use case is relevant for transmission of e.g. firmware updates to the UEs. Even though firmware updates probably do not occur very often the possible gains are large with SPS each time there is a firmware update.  This is similar to legacy DL and UL SPS. See [4] for details.
3) Using UL SPS to provide NPUSCH resources for transmitting BSRs in RRC_CONNECTED. By using UL (SPS) together with the skipUplink-feature introduced in Rel-14 (LTE), even if there is an UL grant the UE would not have to transmit anything (i.e. padding). This is like UL SPS in legacy. See [5] for details. 
4) DL transmission of large files using SC-PtM, e.g. for firmware updates; works both when the UE is RRC_CONNECTED and RRC_IDLE. RAN2 has agreed so support SPS for SC-PtM when UE is RRC_IDLE. A solution is presented in [6].
Way forward
NB-IoT devices have no support for handovers. For NB-IoT the maximum TBS is 680 bits in the DL and 1000 bits in the UL. Hence, if there is need for a transmission larger than the maximum TBS the UE or eNB will need to continue transmitting several transmissions until the entire file has been transmitted and received correctly. Given that little change of the transport format is expected NB-IoT is well suited for use of SPS.
[bookmark: _Toc505951276][bookmark: _Toc506521379]Traffic characteristics in NB-IoT, with little mobility and almost constant TBS, are suitable for SPS transmissions
We propose that support for SPS is added to NB-IoT specifications also for UL and DL transmissions when the UE is RRC_CONNECTED.
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[bookmark: _Toc505951278][bookmark: _Toc506521385]Add support for SPS in UL for NB-IoT for RRC_CONNECTED UEs
Conclusion
In section 2 we made the following observations:
Observation 1	An NB-IoT UE may benefit from SPS when a data file is too large to be sent in the first allocation.
Observation 2	An NB-IoT UE may benefit from SPS in case of some very frequent measurement reports i.e. every 5s or 10s or so (or DL for that matter).
Observation 3	Use of SPS may fulfil the objective of the WI to reduce UE power consumption.
Observation 4	For use case 1 there are many open issues that need to be investigated, if this should be considered.
Observation 5	Traffic characteristics in NB-IoT, with little mobility and almost constant TBS, are suitable for SPS transmissions

Based on the discussion in section 2 we propose the following:
Proposal 1	Add support for SPS in DL for NB-IoT for RRC_CONNECTED UEs
Proposal 2	Add support for SPS in UL for NB-IoT for RRC_CONNECTED UEs
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