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Introduction
In this contribution, we discuss various aspects of Semi-Persistent Scheduling (SPS) for NB-IoT UEs. According to the WID[1] for Rel-15 NB-IoT there is a need to investigate if SPS can 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 while the UE is in RRC_IDLE. In this paper, we discuss the potential RAN1 impacts to support SPS. This paper is a revision of R1-1719365. 
[bookmark: _Ref178064866]Discussion
When designing NB-IoT the idea was that transmissions would be small and thus be 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 grant sent over NPDCCH, thus adding some overhead. Further, whenever the UE has to ask for more transmission resources the UE has to initiate a scheduling request via RACH. Hence, the interest for adding support for SPS in NB-IoT since the need for NDPCCH transmissions and RACH attempts can be reduced.
Given the SPS WI activity RAN2 should focus on the cases where SPS provides latency reductions and/or reductions in power consumption. In this paper, we focus on the potential RAN1 impacts if SPS is introduced in NB-IoT. 
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 pre-configured by the eNB with an SPS-RNTI and a periodicity. Once pre-configured, the UE receives an allocation (DL or UL) using the SPS-RNTI which is repeated according to the pre-configured periodicity. During an SPS allocation (one DCI) some 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 and PDCCH transmissions.  The gain with SPS in the DL is that one grant (DCI) can be followed by a number of PDSCH transmissions, thus reducing the number of required PDCCH transmissions. One could consider different ways to implement SPS, 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. For dynamic scheduling in the UL the UE must listen (i.e. no DRX) until a grant has been received. By applying SPS grants the need for SRs is reduced and hence the UE may enter DRX for longer time. 
Therefore, if SPS is introduced in NB-IoT and similar mechanism in LTE is kept for SPS, we foresee limited RAN1 impacts. The RAN1 impacts are limited to the DCI designs, and depends on the final design by RAN2. 
Observation 1	Depending on the final design on RAN1, the foreseeable RAN1 impacts if SPS is introduced in NB-IoT limits to the DCI design.
Use of SPS
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:
1) Seldom (e.g. once per day) reoccurring transmissions with UE in RRC_IDLE
2) DL transmission of large files; UE is RRC_CONNECTED
3) Using UL SPS to provide grants for transmitting BSRs. Works in RRC_CONNECTED
4) DL transmission of large files using SC-PtM, e.g. for firmware updates. In NB-IoT, SC-PtM is only supported in RRC_IDLE. 
From the use cases identified in RAN2, the most impact may come from case 1, in which the UE is allocated SPS resource in RRC_IDLE mode. This requires a large change in the spec, and the impact on RAN1 cannot be evaluated until RAN2 finishes the design. Given the time left in Rel-15, it seems not feasible to support this case. Therefore, it is proposed that 
Do not support SPS in DL or UL for NB-IoT for RRC_IDLE UEs in unicast.
On the other hand, SC-PtM was standardized in Rel-14 NB-IoT to support broadcast type of services. SC-PtM transfers the data generated by the services using a downlink shared channel (i.e. PDSCH for LTE). The data are scheduled using a common RNTI (i.e. Group-RNTI) for a group of users. In the current specification for NB-IOT data are scheduled dynamically, i.e. radio resources are assigned in time and frequency domain for each transport block (or TTI) by NPDCCH.
In SC-PTM, part of the configuration and control information is sent over a Single-Cell Multicast Control Channel (SC-MCCH) logical channel.  UEs are not expected to monitor this channel continuously, but an indication of change to this information is indicated using a Single-Cell Notification Radio Network Temporary Identifier (SC-N-RNTI), which UEs are expected to monitor.
The SC-MCCH is a logical channel, which is transmitted using the Physical Downlink Control Channel (PDCCH) and the Physical Downlink Shared Data Channel (PDSCH), both being physical channels in legacy LTE.  For NB-IoT the corresponding physical channels would be NPDCCH and Narrowband Physical Downlink Shared Channel (NPDSCH). The SC-MCCH carries the SCPTMConfiguration, which includes configuration information for the UE to receive MBMS service(s) over the Single-Cell Multicast Traffic Channel (SC-MTCH) logical channel(s); on which the actual data are transported.
The maximum size of a multicast UDP/IP packet is 1500 bytes. Cat NB-1 supporting SC-PTM is limited to maximum transport block size (TBS) value of 680 bits. To transmit 1 UDP/IP packet 18 TBs are needed. In case of a software/firmware upgrade, the total file size can be very large (e.g. several Mbytes), requiring many UDP/IP packets and, thus, very many TBs. Since a multicast session is addressing the same group of UEs, NB-IOT UEs are likely to remain in the same position, each transmission will comprise a transport block with the same MCS, TBS, and number of repetitions based on the performance target desired by the eNB. Given the “static” setup there is no reason to transmit a DCI over NPDCCH for every TTI. Therefore, SC-PTM used to transmit firmware upgrades is a use case that should perform well with SPS.
[bookmark: _Toc505332466]Observation 2	Using SPS to reduce the use of NPDCCH resources for SC-PTM broadcasts should work well and limited RAN1 impacts are foreseeable. 
As mentioned above, another use case is using UL SPS to provide grants for transmitting BSRs. This is also discussed in [2]. When data arrives at the UL buffer this will trigger a (regular) BSR. In normal operation, a BSR will trigger a RA procedure to request uplink resources for transmission of the MAC CE. UL semi-persistent scheduling (SPS) could, however, be used for this. With the skipUplink-feature introduced in Rel-14, UEs would not have to transmit anything (i.e. padding) unless new data arrives in the UL buffer, triggering a BSR MAC BSR CE. By using SPS for transmission of BSR it is possible to reduce the number of RA attempts.
[bookmark: _Toc489873609][bookmark: _Toc490039460]Consider SPS support with skipUplink for NB-IoT for use with regular BSR as an alternative of dedicated physical layer scheduling request signal.
The SPS grant is cancelled once the timeAlignmentTimer expires after which the UE reverts to using RA when an SR is triggered as agreed by RAN1 (“SR should only be used when an NB-IoT UE is in uplink sync in RRC connected mode”).  The periodicity of scheduling SPS is determined by semiPersistSchedIntervalUL and the setting determines whether the effect is reduced latency or reduced UE power consumption. 
Conclusion
Based on the discussions, we have the following observations and proposals regarding SPS support in NB-IoT. 

Observation 1	Depending on the final design on RAN1, the foreseeable RAN1 impacts if SPS is introduced in NB-IoT limits to the DCI design.
Observation 2	Using SPS to reduce the use of NPDCCH resources for SC-PTM broadcasts should work well and limited RAN1 impacts are foreseeable. 

1. [bookmark: _GoBack]       Do not support SPS in DL or UL for NB-IoT for RRC_IDLE UEs in unicast.
Consider SPS support with skipUplink for NB-IoT for use with regular BSR as an alternative of dedicated physical layer scheduling request signal.
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