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Introduction
Adding SPS to SC-PtM (Rel-14) has already been discussed in previous meetings / releases; RAN 2 decided at that time to not introduce SPS. However, in the work with specifying NB-IoT the use of SPS has been discussed again. A discussion in the resulted in an agreement:
E)	Proposal: SPS for SC-PTM in IDLE mode, to reduce PDCCH load for SC-MTCH, and SC-MCCH
We support SPS for SC-PTM (note that there would be differences to legacy unicast SPS)

In this contribution we describe how to configure SPS for SC-PTM in NB-IOT and how the active / de-active the SPS service.
[bookmark: _Ref178064866]Discussion
For many IoT use cases, multicast support would be good to have.  Examples of such use cases could include transmission of a firmware update to many devices or sending a command to many actuators at the same time.  Currently, such transmissions would need to be transmitted to each receiving UE separately using unicast transmissions. Using multicast to transmit the same transmission/command to many UEs with a single transmission would reduce the time needed to deliver the message and the radio resources required, thus increasing spectral efficiency. 
SC-PTM 
SC-PTM transfers the data generated by the services using a downlink shared channel (i.e. PDSCH for LTE). The data are scheduled using a common RNTI (i.e. Group-RNTI) for a group of users. In the current specification for NB-IOT, data are scheduled dynamically, i.e. radio resources are assigned in time and frequency domain for each transport block (or TTI) by a DCI sent via NPDCCH.
In SC-PTM, part of the configuration and control information is sent over a Single-Cell Multicast Control Channel (SC-MCCH) logical channel.  UEs are not expected to monitor this channel continuously, but an indication of change to this information is indicated using a Single-Cell Notification Radio Network Temporary Identifier (SC-N-RNTI), which UEs are expected to monitor.
The SC-MCCH is a logical channel defined in [TS 36.321], which is transmitted using the Physical Downlink Control Channel (PDCCH) and the Physical Downlink Shared Data Channel (PDSCH), both being physical channels in legacy LTE.  For NB-IoT the corresponding physical channels would be NPDCCH and Narrowband Physical Downlink Shared Channel (NPDSCH). The SC-MCCH carries the SCPTMConfiguration  [TS 36.331], which includes configuration information for the UE to receive MBMS service(s) over the Single-Cell Multicast Traffic Channel (SC-MTCH) logical channel(s); on which the actual data are transported.
SPS
The maximum size of a multicast UDP/IP packet is 1500 bytes. Cat NB-1 supporting SC-PTM is limited to a maximum transport block size (TBS) value of 680 bits. To transmit 1 UDP/IP packet 18 TBs are needed. In case of a software/firmware upgrade, the total file size can be very large (e.g. several Mbytes), requiring many UDP/IP packets and, thus, very many TBs. Since a multicast session is addressing the same group of UEs, NB-IOT UEs are likely to remain in the same position, each transmission will comprise a transport block with the same MCS, TBS, and number of repetitions based on the performance target desired by the eNB. Given the “static” setup there is no reason to transmit a DCI over NPDCCH for every TTI. Therefore, SC-PTM used to transmit firmware upgrades is a use case that should perform well with SPS.
[bookmark: _Toc505332466][bookmark: _Toc506495840][bookmark: _Toc506522059]Using SPS to reduce the use of NPDCCH resources for SC-PTM broadcasts should work well. 
Configuration
For SPS to work the UE needs to be configured to use SPS and at some point, the SPS configuration needs to be activated. For legacy UEs SPS is configured with RRC. The SPS service is then activated with a special DCI. This provides a very flexible setup, since DCIs can be sent often. Flexibility means that the delay before the SPS service may be activated or deactivated is short. 
[bookmark: _Toc506495841][bookmark: _Toc506522060]Scheduling is controlled with a DCI including necessary information for the UE to be able to make use of transmissions from the eNB.
For SC-PTM, and in particular for NB-IoT where there are restrictions in PDCCCH transmissions compared to legacy, the same level of flexibility is not really needed.  The eNB can be made aware of services that benefit from SPS.  Also, SC-MCCH will broadcast information on services so that the UE will know that such a service is about to be broadcasted. 
[bookmark: _Toc505332467][bookmark: _Toc506495842][bookmark: _Toc506522061]For SPS to work the UE first needs to be configured with SPS before the actual SPS service is activated.

For SC-PTM the SPS configuration (NB-SPS-Config) can be included in the SCPTMConfiguration-NB message carried in SC-MCCH. This allows for flexible enough configuration without very large changes to the specifications. The UE has to read SC-MCCH at least every modification period. Hence, it is likely to assume that changes to the configuration can be made every such period.
For SC-PTM and NB-IoT, at least the SPS related configuration is required – primarily a semiPersistSchedInterval-NB, needed to let the UE know when data may be scheduled, and possibly a parameter to specify a multi-grant parameter which specifies the number of consecutive grants the UE can expect after receiving the DCI. With the “normal” SPS configuration transmissions continue until explicitly stopped. Exactly how to signal the multi-grant to the UE can be discussed. This can be a static configuration, only possible to change once every SC-MCCH modification period. However, the setting could also be a bit more dynamic, e.g. included in a DCI. Any change to the DCI needs support from RAN1 
Also there has to be functionality so that old UEs, i.e. UEs that support SC-PTM but not SPS can be treated by the system.
[bookmark: _Toc505332471][bookmark: _Toc506495845][bookmark: _Toc506522063]Extend the SCPTMConfiguration message to include configuration of SPS (see text proposal below).
[bookmark: _Toc505332473][bookmark: _Toc506495846][bookmark: _Toc506522064]Consider adding a configuration parameter providing a number of transmissions that occur after each received (multi)grant. 
[bookmark: _Toc505332474][bookmark: _Toc506495847][bookmark: _Toc506522065]If needed, ask RAN1 to add a new DCI. 
Activation and deactivation 
The SPS service for SC-PTM can be activated using SC-MCCH. Each UE needs to monitor this channel, at least once every modification period. The SC-MCCH is repeated every repetition period.  When SC-MCCH is changed, the changed SC-MCCH is transmitted initially in the beginning of the following modification period. 
If the UE detects a change in SC-MCCH stating a new configuration (including SPS) is available, the UE will know that the incoming service is a firmware update and prepares to activate SPS reception when the next modification period starts. Similarly, SPS can be deactivated with the same mechanism. Since this is a slow process the resulting service is more of a persistent service than a semi-persistent one. 
[bookmark: _Toc505332475][bookmark: _Toc506495848][bookmark: _Toc506522066]Use SC-MCCH to activate SPS for SC-PTM.
[bookmark: _Toc506495849][bookmark: _Toc506522067]Use SC-MCCH to deactivate SPS for SC-PTM.
[bookmark: _Ref189046994]Text Proposal
The following list bullets allow for fast editing of text proposals.
1 [bookmark: _Toc503260651]–	SCPTMConfiguration-NB
The SCPTMConfiguration-NB message contains the control information applicable for MBMS services transmitted via SC-MRB.
Signalling radio bearer: N/A
RLC-SAP: UM
Logical channel: SC-MCCH
Direction: E‑UTRAN to UE
SCPTMConfiguration-NB message
-- ASN1START

SCPTMConfiguration-NB-r154 ::=	SEQUENCE {
	sc-mtch-InfoList-r14			SC-MTCH-InfoList-NB-r14,
	scptm-NeighbourCellList-r14		SCPTM-NeighbourCellList-NB-r14		OPTIONAL,	-- Need OP
	lateNonCriticalExtension		OCTET STRING						OPTIONAL,
	nonCriticalExtension			SCPTMConfiguration-NB-r15			OPTIONAL
}

SCPTMConfiguration-NB-r15 ::=	SEQUENCE {
	sps-Config-r15					SPS-Config-r15						OPTIONAL,
	lateNonCriticalExtension		OCTET STRING						OPTIONAL,
	nonCriticalExtension			SEQUENCE {}							OPTIONAL
}

SPS-Config-r15 ::=				SEQUENCE {
	<hFFS if changes are needed to SPS-config. If a setting for multigrant is needed it could be added here.>
}

-- ASN1STOP

Conclusion
In section 2 we made the following observations:
Observation 1	Using SPS to reduce the use of NPDCCH resources for SC-PTM broadcasts should work well.
Observation 2	Scheduling is controlled with a DCI including necessary information for the UE to be able to make use of transmissions from the eNB.
Observation 3	For SPS to work the UE first needs to be configured with SPS before the actual SPS service is activated.

Based on the discussion in section 2 we propose the following:
Proposal 1	Extend the SCPTMConfiguration message to include configuration of SPS (see text proposal below).
Proposal 2	Consider adding a configuration parameter providing a number of transmissions that occur after each received (multi)grant.
Proposal 3	If needed, ask RAN1 to add a new DCI.
Proposal 4	Use SC-MCCH to activate SPS for SC-PTM.
Proposal 5	Use SC-MCCH to deactivate SPS for SC-PTM.
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