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Introduction
In this contribution we discuss various aspects Semi-Persistent Scheduling (SPS) functionality 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
SPS overview
In LTE, the PDCCH (MPDCCH in eMTC) carries the allocation information for both the downlink and uplink shared channels, PDSCH and PUSCH,. 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 allocation. The main motivation for introducing SPS in Rel-8 was to support VoLTE; a service with periodic transmissions of voice packets and many simultaneous users. The PDCCH is limited in size (generally, 3 OFDM symbol times), and there is therefore a limit of how many DCIs can be carried in a subframe. This can in turn limit the number of UEs which can receive an allocation for that subframe when using dynamic scheduling. With SPS, the UE is pre-configured by the eNB with a C-RNTI (allocation ID) and a periodicity. Once pre-configured, the allocation the UE receives (DL / UL) using the (SPS)C-RNTI is repeated according to the pre-configured periodicity. During an SPS allocation (one DCI) some characteristics of the allocation does not change, such as RB assignment and MCS. If the radio conditions change a lot, a new DCI with other allocations is needed. 
For legacy LTE power consumption is also reduced with the use of SPS. For dynamic scheduling in the UL the UE must listen from the time when the SR is sent (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. 
In legacy LTE, even when a UE is configured with SPS, it shall monitor PDCCH with CRC scrambled by the SPS C-RNTI . This is because, the eNB can deactivate/re-activate/release SPS at any time using DCI. This offers scheduling flexibility at the network side, as well as the assignment can adapt to the radio condition changes. PDCCH/EPDCCH/MPDCCH validation for semi-persistent scheduling is described in Section 9.2 in TS 36.213 in detail. A summary of how SPS can be configured is given below:
SPS is activated or released via PDCCH (or MPDCCH) with Semi-Persistent Scheduling C-RNTI.
RRC is used to configure (and enable/disable) SPS for uplink and/or downlink.
RRC configuration defines the periodicity or scheduling interval of the grant/assignment.
For uplink the number of empty transmissions before implicit grant release can be configured.
For downlink the number of used HARQ processes for SPS can be configured.
[bookmark: _Toc481757108][bookmark: _Ref481759799][bookmark: _Ref481759809]SPS can be deactivated/re-activated/released fast in legacy LTE to offer scheduling flexibility at the network side, as well as the assignment can adapt to the radio condition changes.
Use cases
When first discussing NB-IoT the basic operation would be that the UE remained in RRC_IDLE mode until there was data to send. A RA-SR would be used to request resources on which the data were to be transmitted. Once the transmission was finished the UE would enter RRC_IDLE again. This principle of operation relies on that only small amounts of data are transmitted at each occasion, i.e., that the buffer is empty after each transmission.
Large files
Some use cases that have been discussed involve large data files [2]. One such use case is an update of software/firmware over unicast, e.g. for UEs that do not support SC-PTM. The max TBS value for Cat-NB1 is 680 bits for the DL and 1000 bits for the UL. Given that a multicast UDP/IP packet can be 1500 bytes a total of 19 transport blocks will be needed. For dynamic scheduling it is likely so that one NPDCCH for each.
[bookmark: _Ref481759816][bookmark: _Toc481757110]A NB-IoT UE may benefit from SPS when that data file is too large to be sent in the one grant. 

Periodical data
Another potential use case could be periodical updates of information on billboards and displays on the UEs (e.g. stock tickers, advertisement, pricing, traffic, etc.). Such data will be refreshed at a periodic interval. This interval may be e.g. every few seconds or minutes. The eNB is likely to use the same TBS and no MCS adaptation for such transmissions. A transmission scheme that would work well with SPS.
[bookmark: _Toc480899415][bookmark: _Toc481757111][bookmark: _Ref481759827][bookmark: _Ref481759832]SPS would be beneficial for NB-IoT UEs transmitting or receiving periodical data.
Potential limitations
However, the application of SPS in NB-IoT has some limitations. Firstly, as mentioned before that in legacy LTE, SPS can quickly be deactivated/re-activated/released, but this is difficult in NB-IoT. NPDCCH which carries the DCI in NB-IoT should be repeated over several subframes to reach UEs in extended coverage. This flexibility of dynamically turning on and off SPS will be very limited in NB-IoT. This may pose a challenge for the eNB scheduling. Moreover, if the radio conditions of a UE changes, it may not be easy to re-configure the UE to adapt to the new radio conditions. For UEs moving from bad coverage to good coverage, this is only a matter of using more radio resources than necessary if SPS is used. But when a UE configured with SPS moves from good coverage to bad coverage, without adapting to the radio conditions quickly enough, it may cause radio link failure (RLF) at the UE.
[bookmark: _Toc481757112][bookmark: _Ref481759839][bookmark: _Ref481759845]In NB-IoT it is difficult to enable and disable SPS in the similar dynamic way as in LTE. This reduce the flexibility at the eNB scheduler as well as it may cause RLF at a UE when the UE moves from good coverage to bad coverage.
Further, there is no support for QoS and QCI in NB-IoT. There is just one data bearer. This means that some mechanism is needed to inform the system (UE and eNB) of what traffic type is being transmitted and whether this system benefits by using SPS to transmit this traffic. Hence, it is difficult for the eNB scheduler to decision when to enable/disable SPS for a UE. 
[bookmark: _Ref481759854][bookmark: _Toc481757113]In NB-IoT there is no support for QoS and QCI. It lacks certain mechanisms that can facilitate the eNB configure SPS correctly for a UE. 
[bookmark: _Ref481759869]The listed observations should be considered in the design of SPS of NB-IoT. 
Discussions
Based on the discussions we can see that due to the design of the NB-IoT system, it lacks certain mechanism in NB-IoT to support some functions of SPS which are beneficial in the legacy system. Due to the limitations in NB-IoT systems, it is not certain that introducing SPS can provide gains to the system comparing to using the existing scheduling mechanism. 
[bookmark: _Ref481759886]The design proposals of SPS in NB-IoT should be evaluated to ensure that they provide gain comparing to the existing mechanism. 

Conclusion
Base on the above analysis and discussions, we have the following observations and proposals:
Observation 1	SPS can be deactivated/re-activated/released fast in legacy LTE to offer scheduling flexibility at the network side, as well as the assignment can adapt to the radio condition changes.
Observation 2	A NB-IoT UE may benefit from SPS when that data file is too large to be sent in the one grant.
Observation 3	SPS would be beneficial for NB-IoT UEs transmitting or receiving periodical data.
Observation 4	In NB-IoT it is difficult to enable and disable SPS in the similar dynamic way as in LTE. This reduce the flexibility at the eNB scheduler as well as it may cause RLF at a UE when the UE moves from good coverage to bad coverage.
Observation 5	In NB-IoT there is no support for QoS and QCI. It lacks certain mechanisms that can facilitate the eNB configure SPS correctly for a UE.
Proposal 1		The listed observations should be considered in the design of SPS of NB-IoT.
Proposal 2		The design proposals of SPS in NB-IoT should be evaluated to ensure that they provide gain comparing to the existing mechanism.
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