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1 Introduction
This document elaborates further on the application of NB-IoT Semi Persistent Scheduling for M2M time-regular transmissions. 
This document assumes UE dedicated SPS resource. 

For simplicity we use the notation “M2M SPS” for this use case.
2 Discussion
Benefits and Assumptions

Assumptions: 

· M2M SPS is for the Uplink. 
· M2M SPS would need to support a wide range of periodicities, up to magnitude x hours between transmissions (x >= 12h) and where the UE is in Idle mode or PSM mode between the M2M SPS UL transmissions 

· M2M SPS would be used together with procedures applied for Early Data Transmission and optionally optimizations for enhanced RRC release.
· M2M SPS could be at most applicable in a single cell, and can result in skipping PRACH/RAR only if the UE can reuse a previous UL Timing Advance value (i.e. do not assume any new L1 UL channel that can work without TA). Thus, the main target is stationary or low mobility/semi-stationary UEs.
· M2M SPS would be only for regular UL transmissions, for irregular transmissions, e.g. higher priority Alarms etc, the UE could use normal access by RACH. 
Benefits of M2M SPS, see figure 1 and 2 below: 
· The problem of EDT NPRACH resource fragmentation due to TB-size indication is avoided.
· The problem of EDT failed contention transmission with a relatively long transmission (large number of MSG3 repetitions required in bad coverage) is avoided, which enhances both UE power consumption and UL Resource Utilization. 
· For stationary UEs that can use a previous TA, the PRACH + RAR transmissions can be avoided. 

Proposal 1: Support dedicated UL SPS, for regular M2M transmissions with long periodicities in Rel-15
Proposal 2: If proposal 1 is agreeable, agree and capture assumptions and intended benefits according to above, as far as possible. 


Figure 1: Rel-14 M2M regular UL Transmission

Figure 2: Rel-15 M2M Regular UL transmission with SPS 
(and with EDT + RRC release enhancement)
2.2
Potential Variants

We see that there could potentially be the following variants: 
A) Polled SPS, where 
a. The SPS configuration would reside in the eNB (e.g. the required size of the grant and the required period).

b. The M2M UL transmission is initiated by an UL scheduling command by PDCCH (e.g. by a dedicated RNTI). 

c. The UE would need to monitor PDCCH with a configured periodicity that maps to the eNB SPS configuration for the UE

Figure 3: Polled SPS

Analysis: Polled SPS could give the eNB somewhat more control, and can avoid the corner error case that the UE makes an UL SPS transmission while the SPS configuration has been lost in the eNB during the UE sleep period. However, it comes with the drawback of an additional PDCCH transmission that would be required for every M2M UL transmission. 
Proposal 3: Not consider Polled SPS
B) Common M2M SPS, i.e. SPS configuration common to several UEs where: 

a. This kind of function would only target the benefit to avoid NPRACH + RAR transmissions for stationary UEs. The EDT “MSG3” transmission would still be a contention transmission. 
b. The Common SPS configuration could be provided at shorter periodicity as it would be shared by UEs, and could thus potentially give better latency characteristics. 

Analysis: As common M2M SPS would not have the “dedicated transmission” benefits that might be essential or very important for the worst coverage UEs, we’d suggest to not consider this case in Rel-15. 
Proposal 4: Not consider Common SPS

2.1 Impacts

Support of long-period SPS in Idle mode

· The UE and the eNB would need to have a SPS configuration that is kept in Idle mode (we regard PSM mode to be a special case of Idle mode, and PSM mode probably do not need to be mentioned in TS text). 
· The normal Idle -> Connected transition triggered by Data becoming available in UE buffers need to be prevented for regular UL M2M transmissions when there is a valid SPS configuration, i.e. NAS need to be aware of this situation, and the Idle -> Connected transition need to be postponed until there is an SPS occasion in the AS. Whether to postpone Connected transition or not could potentially be based on the NAS access cause value. 
· TA timer and TA need to be maintained in Idle mode. Maybe no TS impact. 
· A time-reference that is valid > =12h need to be used. Suggest to extend the H-SFN to support this time reference. 
· It would need to be decided what is the validity of the SPS in Idle mode configuration 

· It could be kept “forever”, i.e. until configuration is explicitly removed. 

· It could be valid for only a single SPS transmission opportunity or could be valid only for as long as the UE is kept in Idle, i.e. need to be reconfigured at every transmission or reconfigured at every Idle – Connected transition.

· It would need to be disabled in the UE if the UE resides in another cell when the SPS occasion occurs. It is FFS if it can also be disable in the eNB if the UE has moved to another cell.

· For non-ambiguity, this kind of SPS configuration should not be applicable in Connected Mode, i.e. a provided SPS-in-Idle-mode configuration is valid when the UE is in Idle mode (or PSM).  
Proposal 5: UL SPS configuration in Idle (incl PSM) is supported, with a periodicity up to at least 12h.
Proposal 6: Idle to Connected transition is postponed for normal M2M reporting when there is a valid SPS configuration, to happen at the next SPS occasion. 
Proposal 7: TA timer is applicable in Idle mode.
Proposal 8: H-SFN is extended to cover the SPS periodicity.

Proposal 9: It is FFS whether the conditions to disable/remove the SPS configuration in Idle mode are a) transition to connected mode b) occurance of an SPS occasion, c) UE moving to a new cell, d) UE moving to a coverage situation that can not be supported by the current SPS resource configuration, e) expiration of TA timer. 
The procedure with UL SPS

· The procedure for EDT shall be re-used from RRC point of view (with additions to control/inhibit the Idle-Connected transition).

· The SPS resource for SPS in Idle should be fully configured by RRC, there seems to be little reason to have a mechanism where part is controlled by PDCCH, as there time dynamics is very slow.  
· It would need to be decided how retransmissions are done. As the UE doesn’t need to go through a RACH procedure there is no possibility to provide a C-RNTI in the RAR. The obvious way seems to be that a RNTI is configured for the UE. 
· For UE that doesn’t have a valid Timing Advance there could be multiple options: 

· This case is not supported, when TA timer expires, the SPS configuration is invalidated. 

· UE would need to perform a RACH procedure before the SPS occasion to acquire TA. 
Proposal 10: It shall be possible to apply the same contents as EDT MSG3 for the UL SPS transmission. 
Proposal 11: The SPS resource for SPS in Idle is fully configured by RRC, including configuration required to schedule retransmissions, and stay in connected, e.g. also C-RNTI.
3 Conclusion

Proposal 1: Support dedicated UL SPS, for regular M2M transmissions with long periodicities in Rel-15
Proposal 2: If proposal 1 is agreeable, agree and capture assumptions and intended benefits according to above, as far as possible.

Proposal 3: Not consider Polled SPS Proposal 4: Not consider Common SPS 
Proposal 5: UL SPS configuration in Idle (incl PSM) is supported, with a periodicity up to at least 12h.
Proposal 6: Idle to Connected transition is postponed for normal M2M reporting when there is a valid SPS configuration, to happen at the next SPS occasion. 

Proposal 7: TA timer is applicable in Idle mode.

Proposal 8: H-SFN is extended to cover the SPS periodicity.

Proposal 9: It is FFS whether the conditions to disable/remove the SPS configuration in Idle mode are a) transition to connected mode b) occurance of an SPS occasion, c) UE moving to a new cell, d) UE moving to a coverage situation that can not be supported by the current SPS resource configuration, e) expiration of TA timer. 
Proposal 10: It shall be possible to apply the same contents as EDT MSG3 for the UL SPS transmission. 

Proposal 11: The SPS resource for SPS in Idle is fully configured by RRC, including configuration required to schedule retransmissions, and stay in connected, e.g. also C-RNTI.
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