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1 Introduction
New WIDs on “Further NB-IoT enhancement” was agreed at RAN#75 and revised at RAN#76 and RAN#77 [1].

One objective of this WID is studying and introducing UL/DL semi-persistent scheduling (SPS) if found beneficial to reducing latency and power consumption. 
RAN2 discussed SPS in RAN2#99bis and made the following agreements for different SPS solutions [2]:
	For Solution A (UL SPS in IDLE/PSM mode):

· There is significant interest and significant resistance.
For Solution B (DL SPS in connected mode):

· Some support. 

For Solution C (UL SPS in connected mode for SR+BSR):

· From R2 perspective it seems feasible to design SPS as an alternative to PUCCH for D-SR (+BSR) in connected mode. However there may be performance differences between SPS and Physical Layer solution, e.g. overhead, which will not be evaluated in R2. 

· R2 leave it to R1 to decide what to do, e.g. whether to develop a physical channel for D-SR, or request R2 to develop a SPS solution for D-SR (+BSR).
For Solution D (SPS for media type applications in connected mode):

· We don’t develop specific solution to cover this specific use case.

For Solution E (DL SPS in IDLE mode for SC-PTM):

· We support SPS for SC-PTM (note that there would be differences to legacy unicast SPS)


In this contribution, SPS solutions except for Solution D are further discussed.
2 Discussion
2.1 Solution A (UL SPS in IDLE/PSM mode)
The use case of solution A is long-term regular UL transmissions, e.g. regular metering reports. This kind of SPS can remove Msg1 and Msg2 in the access. According to the email discussion before RAN2#99bis [3], most companies can see the use case of solution A, but at least the following aspects need to be addressed:
· For stationary UEs only

Since this solution is for IDLE/PSM mode, if the coverage of the UE changes or the UE moves to another cell, the SPS configuration is not applicable any more. Solution A is only suitable for stationary UEs. However, at least in current NB-IoT, the eNB cannot know whether the UE is stationary.
· The traffic mode is needed
The eNB needs to know the traffic model of the UE to configure appropriate SPS parameters. 
· Time alignment
Subframe level time alignment between the UE and the eNB needs to be maintained even in IDLE/PSM mode. How to get such level time alignment needs to be discussed, which may impact RAN1 and RAN4.
Considering the time limitation for addressing the above aspects, it is proposed that UL SPS in IDLE/PSM mode is not considered in Rel-15. However, it can be considered as an enhancement in the future release.
Proposal 1: UL SPS in IDLE/PSM mode is not considered in Rel-15 NB-IoT.

2.2 Solution B (DL SPS in connected mode):

In our understanding, the main use cases of DL SPS are periodic DL data and large DL file transfer. However, we do not see any DL data transfer with a fixed periodicity and a fixed data rate in NB-IoT by now. For large DL files such as software/firmware update, compared to unicast, SC-PTM is more efficient. Thus, it is proposed not to support DL SPS in connected mode.
Proposal 2: DL SPS in connected mode is not supported in NB-IoT.
2.3 Solution C (UL SPS in connected mode for SR+BSR):

For UL SPS for SR+BSR, RAN2 has confirmed the use case and the feasibility. Since both UL SPS and dedicated SR can avoid using random access to request uplink resource allocation in connected mode, RAN2 has agreed to wait for RAN1 to choose between them. Dedicated SR was not discussed in the last RAN1#91. It is proposed to keep waiting for RAN1 conclusion on dedicated SR.
Proposal 3: For UL SPS for SR+BSR, keep waiting for RAN1 conclusion on dedicated SR.

2.4 Solution D (DL SPS for SC-PTM):

RAN2 has agreed to support DL SPS for SC-PTM. There are three options for DL SPS in SC-PTM:

· Option 1: Legacy SPS
SPS is configured and released by RRC signalling. After the RRC configuration, the eNB can use NPDCCH scrambled with the pre-configured SPS-C-RNTI to activate/re-activate/de-activate the usage of the SPS resources.
· Option 2: NPDCCH-less SPS
SPS is both configured and activated by RRC signalling, and the UE does not need to monitor NPDCCH during SPS in order to reduce UE power consumption.
· Option 3: One DCI for multiple TBs
One new DCI can be used to schedule several consecutive transport blocks. The use of the new DCI is configured by RRC.
In option 1, although SPS scheduling is NPDCCH-less, the UE still needs to keep monitoring NPDCCH for SPS activation, re-activation and de-activation. In this case, SPS is only beneficial to network resource usage, not to UE power consumption. Therefore, we think Option 1 should not be considered for NB-IoT.
Compared to option 3, option 2 can save more power consumption as there is no DCI monitoring. However, without the SC-MCCH update notification bits in the DCI for SC-MTCH, the UE needs to monitor SC-MCCH at the beginning of every SC-MCCH modification period to check whether the configuration of this SC-MTCH is changed or whether another interested service is started. This will cause a lot of power consumption for SC-MCCH reading, which we made a lot of effort to avoid in Rel-14.
For option 3, a new DCI format is needed, as well as new physical layer NPDSCH reception procedures, and consideration of the NPDCCH monitoring rules.
Considering that the proposed usage of SC-PTM SPS is for firmware updates, for which there is already legacy SC-PTM, and which occur very rarely in the lifetime of a UE, we do not think this design needs to be prioritized in Rel-15.
Proposal 4: SPS for SC-PTM is not supported in Rel-15.
3 Conclusion

This paper focus on SPS in NB-IoT. The corresponding proposals are listed below. 
Proposal 1: UL SPS in IDLE/PSM mode is not considered in Rel-15 NB-IoT.

Proposal 2: DL SPS in connected mode is not supported in NB-IoT.
Proposal 3: For UL SPS for SR+BSR, keep waiting for RAN1 conclusion on dedicated SR.

Proposal 4: SPS for SC-PTM is not supported in Rel-15.
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