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Introduction
In this contribution, we discuss various aspects 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]




[bookmark: _Ref178064866]Discussion
Given the above WI activity RAN2 should focus on the cases where SPS provides latency reductions and/or reductions in power consumption. In previous papers, some use cases have been discussed where SPS would be useful. Some of the use cases would probably be more likely with other transports than NB-IoT; use cases with periodic data that continues over time and voice. Reoccurring periodic traffic could result in high power consumption making it difficult for a battery to last 10 years. Further, services generating periodic data should probably be handled with some other RAT. This naturally depends on the periodicity of the traffic.
The focus of this study on SPS should hence be limited to scenarios that make sense for NB-IoT UEs.

[bookmark: _Toc489873603][bookmark: _Toc490039455][bookmark: _Toc490235916][bookmark: _Toc490265792]Some of the use cases discussed in papers submitted to previous meetings would work better with other transport than NB-IoT.

Use of SPS in DL
One likely scenario for a NB-IoT UE that also could benefit from SPS; although the exact gain of course needs to be studied, is firmware updates, which would require DL transmissions of large data files. For some transport protocols the data to be transmitted will be moved to lower layers, thus informing the eNB that the file is large. However, with other protocols, e.g. TCP, only a portion of the file is moved to lower layers prior to transmission and some additional information would be needed. In this paper, we assume that the eNB knows that the file to transmit is large and can act accordingly. Such an assumption could rely on information, such as, all DL transmissions are firmware updates or that firmware updates occur at some pre-defined time, etc. One could consider similar procedures for the UL but there should be less reasons for sending such large files in the UL and the BSR provides less exact information than the eNB has (which adds to the difficulty in knowing the file size). 
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In case the data file is large the eNB can assume that SPS is the most efficient way to send the data and provide such a DL assignment. With a SPS DL assignment there is no need for the UE to listen to NPDCCH for all TBs which also reduces the need for sending all NPDCCH repetitions. 
HARQ ACK/NACK bundling from MTC Rel. 14 can be used can be used to further limit the use of NPDCCH since repetitions of the ACK/NACK can be sent in a bundle that only requires one DL assignment.
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Use of SPS in UL
As mentioned above, there may be reason to introduce SPS in the UL for transmission of large files as well, although scenarios with very large files being transmitted with NB in the UL are unlikely (if such transmission are needed it may be better to select at different RAT). Here we provide a better reason for SPS in the UL, namely to use SPS for transmitting buffer status reports. This is also discussed in [1]. 
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][bookmark: _Toc490265797]Consider SPS support with skipUplink for NB-IoT.

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
There seem to be scenarios where SPS provides gains in power consumption compared to dynamic scheduling. In section 2 we made the following observations:
Observation 1	Some of the use cases discussed in papers submitted to previous meetings would work better with other transport than NB-IoT.
Observation 2	Use of SPS for DL transmission of large files will results in reduced UE power consumption.

Based on the discussion in section 2 we propose the following:
Proposal 1	Support NB-IoT SPS for DL transmission of large files, e.g. for firmware updates.
Proposal 2	Consider SPS support with skipUplink for NB-IoT.
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