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1.	Introduction
In the RAN2#99-bis meeting, five solutions for SPS in NB-IoT were discussed based on the result of the email discussion in [99#42][NB-IoT] SPS options (Huawei) and RAN2 removed several solutions from the candidates. We think that this is the right time to discuss SPS for NB-IoT in more detail based on results of the last meeting. In this contribution, we discuss and analyze UL SPS and DL SPS with use case separately for NB-IoT. 

2.	Discussion
Use case is an important factor to determine a solution of SPS for NB-IoT. In the email discussion, companies recognized two main use cases such as metering and large file transfer, e.g., firmware/software update. Considering each use case, the uplink SPS should be considered for metering, but large file transfer is only applicable to the downlink SPS for NB-IoT. Thus, we think that SPS for uplink and downlink should be considered separately and designed differently. 

Uplink SPS for NB-IoT
Given that the characteristic of metering application, it may assume that a NB-IoT UE would be stationary after deployment in a field. In [1-2], the SPS with IDLE/PSM mode was proposed based on the similar assumption. 
If NB-IoT UEs in a cell are stationary and used only for metering, timing alignment may be synchronized with network for a long time, even longer than 12 hours. Of course, if some obstacles are coming and leaving, the obstacles can break TA synchronization but it would be temporary interruption unless those ones take a place permanently. Thus, TA may be kept in synchronized without timing alignment procedure. In addition, periodic TAU (Tracking Area Update) also would not be needed if a NB-IoT UE has no mobility and relocation is not happened until battery is dead. A network may check TAU of a NB-IoT UE only when the network wants. 
Observation 1. 	To support UL SPS for metering, it can be assumed that TA for NB-IoT UE is 			unchanged or maintained for a long time.

When RLF is detected at the RRC layer, the RRC re-establishment procedure should be performed. However, for the NB-IoT UE with metering application, RLF may happen only when surrounding environment of a NB-IoT UE is completely changed, e.g., geographical change, or permanent obstacles. We think that this kind of change would be rare for metering application. Therefore, if a NB-IoT UE is stationary for metering application, we think that the NB-IoT UE may need to wake up from IDLE/PSM mode only for transmitting a metering report using the SPS resource and stay back in IDLE/PSM mode without changing to RRC Connected mode. 
Observation 2. 	To support UL SPS for metering, no optimization of RLF handling is required.

From the resource point of view, the SPS resource would be a shared SPS resource because it may not be realistic to allocate the dedicated SPS resource to each UE in a cell, even though long-time regular transmission is considered. Assuming a shared SPS resource, contention/collision on the shared SPS resource is inevitable. However, when collision happens on the shared SPS resource, retransmission or resolution may not be needed because the network gathers metering reports from a lot of UEs and calculate the results based on lots of reports. We think that one missing report would not impact on the result of calculation and the information of a missing metering report may be estimated by metering reports of neighbors. 
Observation 3. 	To support UL SPS for metering, SPS resource can be shared by multiple NB-IoT 			UEs. 
Observation 4. 	To support UL SPS for metering, if shared SPS resource is used, collision resolution 			may not be necessary. 

In using UL SPS for metering, it would be helpful to differentiate SPS resource depending on e.g., type of data, or event. For example, the network may want to allocate SPS resource with less or no collision for the data reported in emergency case while allocating SPS resource with reasonable collision for regular metering report in normal case. Therefore, it would be necessary to allocate multiple SPS resources for a UE, where each SPS resource is associated with specific types of data, event, or logical channels. 
Observation 5. 	To support UL SPS for metering, multiple SPS resource would need to be allocated to 		a UE where each SPS resource is associated with specific type of data, event, or 			logical channel.

On the other hand, if only one SPS resource is allocated to a UE, the UE has to transmit all types of data on the shared SPS resource. However, the UE may have data that requires less or no collision. In this case, it is harmful for the UE to transmit such important data on the shared SPS resource. Thus, it is necessary that the UE is allowed to transmit only BSR on the shared SPS resource depending on the type of data. When the BSR is received on the shared SPS resource, the network recognizes that the UE wants to transmit important data, and would allocate dedicated UL grant to the UE. 
Observation 6. 	For important data, the UE may need to transmit only BSR rather than data itself on the shared SPS resource.

Given that UL SPS for metering, the NB-IoT UE is most likely in RRC_IDLE or RRC_INACTIVE, we think the SPS configuration information should be broadcasted via System Information.
Proposal 1.		For metering purpose, NB-IoT UL SPS is introduced, where NB-IoT UL SPS is 	characterized by
· SPS configuration is broadcasted via System Information.
· The UE activates SPS upon receiving SPS configuration, i.e., without SPS activation command.
· UL SPS resource is shared resource without collision resolution mechanism.
· Multiple UL SPS resources with mapping between SPS resource and logical channel/data type/event.
· For important data, the UE is allowed to transmit only BSR on the shared SPS resource.

Downlink SPS for NB-IoT
In the email discussion, the downlink SPS is considered necessary for large file transfer in [3-4], e.g., software/firmware update. In this use case, shared downlink channels, e.g., MBMS or SC-PTM, would be useful to transmit same update data to all UEs, which are involved in firmware update. To use the shared downlink channel for large file transfer, there are two approaches to enhance power consumption. 
· Option 1. DRX approach
· Option 2. SPS approach
In option 1, the UE wakes up at the Active Time, e.g., on duration, and monitors PDCCH to check if there is a scheduled DL transmission. If PDCCH indicates scheduled DL transmission, then the UE receives DL transmission on the indicated PDSCH. However, if Active Time is well aligned with DL data transmission by proper DRX pattern, PDCCH monitoring may be wasteful and unnecessary because every PDCCH will indicates DL transmission and carry the similar/same scheduling information for scheduled DL transmission. 
In option 2, on the other hand, if the proper SPS pattern is configured for large file transfer, the UE wakes up at the configured SPS resource and receives downlink update data on the PDSCH without monitoring PDCCH. 
Thus, using SPS with shared downlink channel seems better than DRX with shared downlink channel in terms of power saving. 
Given that the NB-IoT UE will stay in RRC_IDLE for power saving, the NB-IoT UE would receive paging message for DL file transfer. In this case, it would be beneficial in terms of signaling overhead to activate the SPS resource when the UE receives paging. For this purpose, paging message with cause value of SPS activation could be used. In addition, as multiple UEs will receive the DL file via shared DL SPS resource, group paging ID with cause value of SPS activation, which activates SPS of multiple UEs simultaneously, would be used.
Proposal 2. 	For DL large file transfer, IoT DL SPS is introduced, where IoT DL SPS is 				characterized by 
· SPS configuration is broadcasted via System Information.
· DL SPS resource is shared resource.
· Paging message is used to activate DL SPS.

3.	Conclusion
In this contribution, we discussed UL SPS and DL SPS with use case separately and propose the followings: 
Proposal 1.		For metering purpose, NB-IoT UL SPS is introduced, where NB-IoT UL SPS is 	characterized by
· SPS configuration is broadcasted via System Information.
· The UE activates SPS upon receiving SPS configuration, i.e., without SPS activation command.
· UL SPS resource is shared resource without collision resolution mechanism.
· Multiple UL SPS resources with mapping between SPS resource and logical channel/data type/event.
· For important data, the UE is allowed to transmit only BSR on the shared SPS resource.
Proposal 2. 	For DL large file transfer, IoT DL SPS is introduced, where IoT DL SPS is 				characterized by 
· SPS configuration is broadcasted via System Information.
· DL SPS resource is shared resource.
· Paging message is used to activate DL SPS.
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