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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]




The main functions regarding SPS are: configuration, activation, transmission and release. In this paper we discuss the first two.
[bookmark: _Ref178064866]Discussion
The relevant use cases are discussed in some detail in an email discussion [x]. However, to make this paper a bit easier to read the use cases we think makes the most sense are:
1) DL transmission of large files, e.g. for firmware updates; only RRC_CONNECTED.
2) Using SPS together with skipUplink for NB-IoT to transmit BSRs in order to reduce the need for random access. Works on in RRC_CONNECTED.
3) DL transmission of large files using SC-PtM, e.g. for firmware updates; works both when the UE is RRC_CONNECTED and RRC_IDLE.

[bookmark: _Toc494291630][bookmark: _Toc494291673][bookmark: _Toc494291701][bookmark: _Toc494423745][bookmark: _Toc489873603][bookmark: _Toc490039455][bookmark: _Toc490235916][bookmark: _Toc490265792]Since the firmware updates mentioned for use cases 1 and 3 will happen seldom most NB-IoT transmissions use dynamic scheduling
SPS configuration
[bookmark: _Toc494291631]For all cases there must be some way for the network to have an idea on how to schedule a UE. This knowledge or configuration of SPS can apply to UL or DL or both. In legacy systems the configuration of SPS is connected to the setup of a dedicated radio bearer. This is not possible in NB since there is no dedicated bearer, similar to in legacy. Instead, one could consider different ways to configure SPS. One way could be to configure all UEs similarly; i.e. assume that all UEs at some point will need SPS. This is a simple solution that works equally good for UL and DL; i.e. this assuming that RAN2 will agree on both UL and DL SPS. Such a solution is particularly simple for the eNB since all UEs are treated equally. One possible drawback is that unnecessary parameters are sent over the air during configuration; another is that this could result in waste of resources.
[bookmark: _Toc494291632]Another possible way to let the eNB know via some fundamental property of the UE to the fact that the UE will use SPS at some point. For this to work we assume that a certain UE will only use one service with a fairly well-defined traffic pattern. The “fundamental property” of the UE, e.g. UE ID, is then connected to the traffic pattern. As long as the eNB is aware of this relation it will know how to schedule a particular UE. Assuming that all UEs at some point will require firmware upgrades (requiring) DL traffic, this way of configuration is probably more interesting for UL SPS.
[bookmark: _Toc494291633][bookmark: _Toc494291674]For the control plane solution the MME provides some subscription information (per UE) that can be used.

[bookmark: _Toc494291634][bookmark: _Toc494291675][bookmark: _Toc494291702][bookmark: _Toc494423746]During RB setup there must be information on whether the UE should use SPS or not for transmission.

[bookmark: _Toc494291707][bookmark: _Toc494423751]RAN2 assumes that the eNB is made aware of the scheduling needs of  the UE.
[bookmark: _Toc494291708][bookmark: _Toc494423752]RAN2 to discuss how to configure SPS.

SPS activation / deactivation
Even though a UE is configured with SPS actual SPS does not begin until after activation (of the feature). One could say that activation / deactivation is what enables the switch between SPS and dynamic scheduling; dynamic scheduling is in most cases the default configuration. In the sections below we elaborate on a number of possible ways for activating SPS with as little impact as possible on the specification or at least try to keep updates within the realm of RAN2. In case something more elaborate is needed we could, of course, introduce a new channel for such signalling. 

[bookmark: _Toc494291635][bookmark: _Toc494291676][bookmark: _Toc494291703][bookmark: _Toc494423747]Assuming stationary UEs means that a SPS configuration is valid persistently; no need to update, e.g. TBS, configuration.
[bookmark: _Toc494291636][bookmark: _Toc494291677][bookmark: _Toc494291704][bookmark: _Toc494423748]Even for a non-stationary UE, an almost persistent SPS configuration may be a good thing; after some time the configuration could be cleared.
[bookmark: _Toc494291637][bookmark: _Toc494291678][bookmark: _Toc494291705][bookmark: _Toc494423749]A UE must be able to switch between SPS and dynamic scheduling.

UP solution
As discussed above it is very likely that for NB is deployed to handle a certain type of traffic, e.g. from a specific meter. However, even if the UE knows the characteristics of the service, the eNB doesn’t know until it has been notified, e.g., by the UE. So the question is then how to notify the eNB in a good way by a UE that receives data in its buffer. This is sort of an overlap with the configuration discussion above, namely that when, the eNB configures the UE to use SPS, SPS is by default deactivated from start. If so, the SPS configuration could be (temporarily) suspended or terminated by some signalling from the eNB. The signalling can be either from RRC, or done via DCI.
Consequently, the activate/re-activate of the SPS could be sent in the DCI that schedules msg4. That is the activation of SPS can be done during contention resolution and the RRC setup or RRC resume. The network knows the identity of the UE after msg3, and if the UE is configured with an SPS setting that is still valid, the eNB can directly activate/re-activate of the SPS without any additional RRC signalling.

[bookmark: _Toc494291638][bookmark: _Toc494291679][bookmark: _Toc494291706][bookmark: _Toc494423750]With the UP solution we may need a mechanism to activate SPS when resuming RRC unless it is sufficient to active SPS after RRC has been resumed.
CP solution
The CP solution (CIoT UP Optimization) is a bit different of course, but perhaps also more important. There has to be some indication that activates SPS when the system is resumed. Also it could be good to add functionality that makes it possible to notify the eNB or MME of SPS parameters that have been updated during suspend. Such indications should naturally be included in the RRC Resume message. 

[bookmark: _Toc489873608][bookmark: _Toc490039459][bookmark: _Toc490265796][bookmark: _Toc494291709][bookmark: _Toc494423753]RAN2 to discuss how SPS is activated and deactivated; some suggestions on “how” is given in the text in the sections above.

SPS retransmissions
In legacy SPS retransmissions are handled with dynamic scheduling. It is reasonable to assume that some corresponding functionality is needed also for NB-IoT. However, the exact procedure needs to be discussed in RAN2. One possibility is to introduce a new DCI to schedule the SPS retransmissions. The DCI can be sent to one or more UEs to let them know whether the first (SPS) transmission was successful. A UE that receives a notification of some error in the transmission can initiate a retransmission with its configured SPS resources or using some other resource given in the DCI. This works for the UL transmissions. 
We could also consider retransmissions more similar to legacy SPS. Namely, schedule HARQ retransmissions using the ordinary dynamic DCI. 
As in most cases, it is also possible to introduce a new signalling channel.
[bookmark: _Toc494291710][bookmark: _Toc494423754]RAN2 to discuss how SPS retransmissions are handled.

Conclusion
[bookmark: _Hlk494291962]In section 2 we made the following observations:
Observation 1	Since the firmware updates mentioned for use cases 1 and 3 will happen seldom most NB-IoT transmissions use dynamic scheduling
Observation 2	During RB setup there must be information on whether the UE should use SPS or not for transmission.
Observation 3	Assuming stationary UEs means that a SPS configuration is valid persistently; no need to update, e.g. TBS, configuration.
Observation 4	Even for a non-stationary UE, an almost persistent SPS configuration may be a good thing; after some time the configuration could be cleared.
Observation 5	A UE must be able to switch between SPS and dynamic scheduling.
Observation 6	With the UP solution we may need a mechanism to activate SPS when resuming RRC unless it is sufficient to active SPS after RRC has been resumed.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 assumes that the eNB is made aware of the scheduling needs of  the UE.
Proposal 2	RAN2 to discuss how to configure SPS.
Proposal 3	RAN2 to discuss how SPS is activated and deactivated; some suggestions on “how” is given in the text in the sections above.
Proposal 4	RAN2 to discuss how SPS retransmissions are handled.
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