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1 Introduction
This contribution is a stripped down version of our RAN2 contribution in R2-165636. This contribution is provided for information and is intended to serve as an overview of the Rel-13 SC-PTM functionality and present some aspects that are, or at least can be, common to eMTC and NB-IoT, and that we expect initially will be considered in RAN2 rather than in RAN1.
The two Rel-14 WIs on ‘Enhancements of NB-IoT’ [1] and ‘Further Enhanced MTC’ [2] share the following RAN2-led WI objective to specify multicast support for NB-IoT and eMTC, respectively:
· Extend Rel-13 SC-PTM to support multicast downlink transmission (e.g. firmware or software updates, group message delivery)
· Introduction of necessary enhancements to support narrowband operation, e.g. support of NPDCCH/MPDCCH, and coverage enhancement, e.g. repetitions
In the text below, we use the term “eMTC UE” to refer to the UEs specified in the Rel-13 “eMTC” work item, i.e. bandwidth-reduced low-complexity (BL) Cat-M1 UEs and/or coverage enhanced (CE) UEs. Likewise, “NB-IoT UE” refers to the Cat-NB1 UEs specified in the Rel-13 NB-IoT work item. In accompanying contributions [3] and [4] we discuss more specific details about NB-IoT and eMTC related work, respectively. 
2 Overview of SC-PTM
MBMS transmissions in E-UTRAN can be provided either by MBSFN or SC-PTM transmissions. Here we provide some basic information about SC-PTM transmission as specified in Release 13, focusing on L2 and L3 protocols, for specification reference see e.g. [5].
SC-PTM can be used to provide singe-cell transmission of MBMS sessions. Scheduling of the transmission is done by the eNB, and two logical channels, SC-MCCH and SC-MTCH, are defined for transportation of SC-PTM control information as well as the actual multicast traffic. There is no retransmission support for the multicast packets in MAC or RLC (RLC UM is used), thus the transmissions consist of only a single transmission on DL-SCH from the eNB. Thus, all traffic is eventually transmitted over PDSCH (with the necessary DCI on the downlink control channel).
Multi-cell/multicast Coordination Entity (MCE) is the logical entity in E-UTRAN which decides whether to use SC-PTM or MBSFN [5]. For eMTC and NB-IoT MCE should always select SC-PTM for multicast operation.
As a pre-requisite for a UE to receive an MBMS service, the UE needs a User Service Description (USD), which can be obtained during user service discovery [6].  The USD contains information such as frequencies and service areas where the service is available, TMGI of service, start and stop time of a service etc. When the UE recognizes a frequency and the service area is indicated in SIB15, the UE starts to listen for available MBMS services on that particular frequency.
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Flowchart 1. Flowchart for a UE in idle mode to acquire necessary information to receive SC-PTM transmissions on SC-MTCH.
2.1 Control information on SC-MCCH 

SC-MCCH is used to transmit the control information related to SC-PTM transmissions. The SCPTMConfiguration message consists of the SC-MTCH-InfoList IEs which give information about the ongoing MBMS sessions, configure the scheduling parameters (DRX and scheduling frequency) for SC-MTCH and provide Temporary Mobile Group Identity (TMGI, used to identify MBMS bearer and service) to G-RNTI mapping for each of the sessions. Flowchart 1 provides an overview of the control information and data transmission flow for a UE in idle mode. Before reading SC-MCCH, the UE needs to acquire SIB20 which contains the SC-MCCH scheduling information.  See Appendix for ASN.1 of SCPTMConfiguration and SC-MTCH-InfoList.One SC-MCCH per cell is transmitted periodically by RRC based on a configurable repetition period. This configuration is given in SIB20, see Appendix for ASN.1 listing of SIB20 contents.
For SC-MCCH change, a modification period concept, similar to system information, is used. This means that change of SC-MCCH can occur only on the modification period boundaries, and the boundaries are defined by SFN mod m = 0, where m is the length of the modification period.

A repetition period (sc-mcch-RepetitionPeriod in SIB20) defines the frequency of SC-MCCH transmissions in radio frames. Additionally, an offset in radio frames and starting subframe of possible SC-MCCH is indicated and optionally the length of the period (sc-mcch-duration, indicating the number of consecutive subframes where SC-MCCH may be scheduled).
SC-MCCH change is indicated using a notification mechanism [8]:

· A notification is sent using SC-N-RNTI using DCI Format 1C in the first subframe which can be used for SC-MCCH in the repetition period

· After the UE receives the notification, the UE starts acquiring SC-MCCH from the same subframe where the notification was received 

· Additionally, when the UE enters a cell broadcasting SIB20, the UE starts acquiring SC-MCCH in the next repetition period
· Also if the UE is receiving a MBMS service, it will acquire SC-MCCH in the beginning of each modification period.
SC-MCCH transmissions are indicated using SC-RNTI. 

2.2 SC-MTCH transmission

The UE uses the SC-MRB establishment procedure whenever it is interested to receive a MBMS transmission [8]. This bearer is transmitted on SC-MTCH and the establishment procedure configures RLC, MAC and physical layers to receive SC-PTM transmissions. The acquired SCPTMConfiguration message contains the scheduling and DRX parameters, where onDurationTimerSCPTM gives the number of subframes the UE is expected to stay awake per one scheduling instant and drx-InactivityTimerSCPTM gives the number of subframes the UE stays active when a DL transmission is indicated on PDCCH. The DRX operation for SC-PTM is detailed in [7]. schedulingPeriodStartOffsetSCPTM gives both the scheduling periodicity for the data transmission and offset in subframes.
For the data transmission the UE monitors PDCCH for G-RNTI when either of the timers onDurationTimerSCPTM or drx-InactivityTimerSCPTM is running. 

SC-MCCH and SC-MTCH transmission cannot be multiplexed into the same MAC PDU. 

It should be noted that the SC-MRB setup procedure and data transmission (thus also SC-MCCH information acquisition) can be used in both RRC_IDLE and RRC_CONNECTED modes.
3 SC-PTM support for MTC UEs
The work items for both FeMTC and eNB-IoT include the same objective for multicast support based on SC-PTM. At least from RAN2 perspective there should not be many details that need to be different for either of the work items, thus we propose that at least the RAN2 work aims for high commonality in the solutions for both eMTC and NB-IoT.

In this section we discuss some details of the SC-PTM functionality in the light of which changes should be introduced for SC-PTM procedures in order for the MTC UEs types to be able to receive SC-PTM based multicast.
In the WID, firmware or software updates and group message delivery were mentioned as examples of multicast use cases. Common characteristics of these use cases include sending a common message, which could be relatively large (e.g., a firmware update could have size of several megabytes). The frequency of message delivery in such cases, however, could range from very long (e.g. months for firmware update) down to very short for group messages used, for example, for polling of data or sending actuator commands. 
To enable SC-PTM reception for eMTC and NB-IoT UEs in E-UTRAN, at least the following aspects should be considered:
1. Enable support for reception of the SC-PTM logical channels for eMTC and NB-IoT at least in RRC_IDLE

2. Ensure that proper configuration messages can be received by UEs supporting multicast

3. Coverage enhancements using repetitions should be supported

4. Check that configuration can be done so that both bandwidth limited and coverage enhanced operation (using repetitions) are supported. 

5. Add necessary protocol support needed for MBMS 

One general issue is how the eNB will know a specific MBMS session or service is intended for either eMTC or NB-IoT UEs

3.1 RRC states and parallel reception

SC-PTM in legacy system can be used in both in RRC_IDLE and RRC_CONNECTED mode. 
At minimum, eMTC and NB-IoT UEs should support reception of the multicast control and data in RRC_IDLE. The existing SCPTMConfiguration message provides scheduling and DRX configuration for idle mode reception. One specific issue for RRC_IDLE is to define UE and/or network behaviour when paging occasion or monitoring paging coincides with SC-MCCH or SC-MTCH transmissions. Note that defining monitoring for SC-PTM related channels will increase the UE power consumption in RRC_IDLE. 
The ability of low complexity UEs in RRC_CONNECTED to receive multiple simultaneous physical channels, or to monitor multiple different RNTIs is limited (as  the UE can monitor only one narrowband at a time). Moreover, adding monitored RNTIs and capability of receiving more physical channels in RRC_CONNECTED increases the power consumption which might not be desirable. However, one possible scenario is that UE is in RRC_CONNECTED mode for some other reason, such as unicast uplink transmission, at the same time a MBMS service is running and the UE expects to receive downlink multicast data. It should also be noted that some MBMS procedures, such as MBMS Counting Procedure [8] only work in RRC_CONNECTED. Additionally, if UEs are expected to provide feedback within E-UTRAN, RRC_CONNECTED mode support would probably be necessary.  
If supporting multicast for RRC_CONNECTED would require significant extra effort, only RRC_IDLE operation for multicast could be supported. One solution could be that the UEs interested in the multicast service for NB-IoT/eMTC are obliged to release RRC_CONNECTED and switch to RRC_IDLE.
An additional aspect concerns MBMS Service Continuity: MBMS operation (thus also UEs using SC-PTM) allows for UEs to change cells while receiving a service. This works for both UEs in RRC_IDLE and RRC_CONNECTED. For the eMTC and NB-IoT use cases the support for RRC modes would depend on which modes will be supported for SC-PTM. 
3.2 SC-PTM related RNTIs

The current SC-PTM operation specifies three different RNTIs the UE should monitor: SC-N-RNTI, SC-RNTI and G-RNTI. We think that at least SC-N-RNTI monitoring could be removed and some other mechanism could be used for SC-MCCH change notification, like using the Direct Indication message which would fulfil the same purpose and is already defined for both eMTC and NB-IoT. For MTC UEs using forward scheduling monitoring for multiple different RNTIs can result in large overhead in terms of control channel monitoring and acquisition time, and significant power consumption, especially when large repetition factors are used.

In particular, we think that more efficient mechanism could be used for SC-MCCH change notification instead of SC-N-RNTI monitoring. Otherwise we propose to keep the SC-RNTI and G-RNTI and check that monitoring these will work for eMTC and NB-IoT UEs. 

3.3 Common configuration aspects

As both MTC UE types operate within limited bandwidths, possibly inside a larger total system bandwidth, it is important to guarantee provision of enough resources for multicast traffic, meeting the service requirements, and on the other hand make sure that other control and data traffic capacity is not limited too much when there are ongoing MBMS sessions. 

When there are more than one narrowband (eMTC) or carriers (NB-IoT) available in the system, it might be beneficial to dedicate some of the available narrowbands or carriers for multicast and SC-PTM use. This would mean that the anchor carrier (or corresponding narrowband) would be used normally to, e.g., monitor paging and receive the system information, but for SC-PTM use the UE would be directed to another set of resources. This would be especially useful in systems with multiple types of UEs, where some UEs are not interested in MBMS services but some groups of UEs are. 

Note that the above does not mean that scheduling of other traffic in the same resources need to be restricted. The scheduling decisions will be up to the eNB. 

The existing configuration options, parameters and values in SIB15, SIB20 and SCPTMConfiguration message should be made available to eMTC and NB-IoT UEs.
3.4 Coverage enhancements and repetitions
The downlink transmissions may be repeated in time to achieve coverage enhancements. For SC-PTM scheduling, the repetitions, i.e., longer transmission times, need to be taken into account. For eMTC, the maximum repetition factor for MPDCCH is 256 and for PDSCH 2048. For NB-IoT, the maximum repetition factor for NPDCCH and NPDSCH is 2048. In principle, most of the current set of possible configuration values already provide long enough periods for SC-MCCH transmissions and SC-MTCH periodicity (cf. Section 2) so that even the highest repetition factors can be used. One exception is the onDurationTimerSCPTM, for which the highest possible value is 200 subframes. One possible approach is to use a similar extension as was done in the Rel-13 WI for eMTC, i.e., extend the timer value up to 1600 subframes. 
Another issue is if the periodicities should be extended to provide more flexibility in scheduling and to fully support the intended use cases also providing the UEs enough opportunities to stay in DRX. For example, the current maximum scheduling periodicity is around 8 s. For the highest repetition factor it could be that one SC-MTCH transmission already takes 4 s, assuming all subframes can be used, meaning the duty cycle for UE reception would be 0.5 in the best case. With a realistic configuration, where only part of the subframes are configured as valid downlink subframes in SIB1 or SIB1-NB, the duty cycle would be higher.
For both eMTC and NB-IoT the control channel repetition factor is semi-statically configured by RRC and the PDSCH or NPDSCH repetition factor is dynamically signalled in DCI. For multicast operation, a similar approach can be used, but the determination of what repetition factor should be used is not as easy as the eNB might not have any information of the coverage levels of the UEs. A similar issue is how to select the MCS for the transmissions. Some possible alternatives on how the repetition factor should be determined include:

1. Use worst case repetition factor and MCS for all transmissions

2. Use fixed MCS, UEs accumulate repetitions depending on the coverage. One repetition bundle is enough for the best coverage UEs but UEs in worse coverage may need to accumulate over many separate repetition bundle transmissions.
3. Group UEs, e.g. per area or coverage level, and use one repetition factor (and MCS) per group of UEs. Separate G-RNTIs would be allocated per group. 

3.5 Compatibility with eDRX 

eDRX provides important power saving possibilities for eMTC UEs. It is preferable that UEs listening to multicast services can also use the longer sleeping cycles provided by eDRX. 

The maximum SC-MCCH modification period in Rel-13 is 65536 radio frames, approximately 11 minutes. This would mean the UE cannot be in DRX for more than 11 minutes at a time if it is expected to be available for SC-MCCH change notification and reception. 
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Appendix ASN.1 reference

	SCPTMConfiguration message
-- ASN1START

SCPTMConfiguration-r13 ::=

SEQUENCE {


sc-mtch-InfoList-r13


SC-MTCH-InfoList-r13,

scptm-NeighbourCellList-r13

SCPTM-NeighbourCellList-r13


OPTIONAL,
-- Need OP

lateNonCriticalExtension

OCTET STRING





OPTIONAL,


nonCriticalExtension


SEQUENCE {}






OPTIONAL

}
-- ASN1STOP


	SC-MTCH-InfoList information element
-- ASN1START

SC-MTCH-InfoList-r13 ::=


SEQUENCE (SIZE (0..maxSC-MTCH-r13)) OF SC-MTCH-Info-r13

SC-MTCH-Info-r13 ::= 



SEQUENCE
{


mbmsSessionInfo-r13





MBMSSessionInfo-r13,


g-RNTI-r13







BIT STRING(SIZE(16)),


sc-mtch-schedulingInfo-r13



SC-MTCH-SchedulingInfo-r13


OPTIONAL,
-- Need OP

sc-mtch-neighbourCell-r13



BIT STRING (SIZE(maxNeighCell-SCPTM-r13))
OPTIONAL,
-- Need OP

...

}
MBMSSessionInfo-r13 ::=



SEQUENCE
{


tmgi-r13







TMGI-r9,


sessionId-r13






OCTET STRING (SIZE (1))

OPTIONAL
-- Need OR
}

SC-MTCH-SchedulingInfo-r13::=

SEQUENCE
{

onDurationTimerSCPTM-r13



ENUMERATED {













psf1, psf2, psf3, psf4, psf5, psf6,













psf8, psf10, psf20, psf30, psf40,













psf50, psf60, psf80, psf100,













psf200},


drx-InactivityTimerSCPTM-r13


ENUMERATED {













psf0, psf1, psf2, psf4, psf8,













psf10, psf20, psf40,













psf80, psf160, ps320,












psf640, psf960,













psf1280, psf1920, psf2560},

schedulingPeriodStartOffsetSCPTM-r13
CHOICE {



sf10








INTEGER(0..9),


sf20








INTEGER(0..19),



sf32








INTEGER(0..31),



sf40








INTEGER(0..39),



sf64








INTEGER(0..63),



sf80








INTEGER(0..79),



sf128








INTEGER(0..127),



sf160








INTEGER(0..159),



sf256








INTEGER(0..255),



sf320








INTEGER(0..319),



sf512








INTEGER(0..511),



sf640








INTEGER(0..639),



sf1024








INTEGER(0..1023),



sf2048








INTEGER(0..2048),



sf4096








INTEGER(0..4096),



sf8192








INTEGER(0..8192)


},


...

}

-- ASN1STOP


SystemInformationBlockType20 information element
-- ASN1START

SystemInformationBlockType20-r13 ::=
SEQUENCE {


sc-mcch-RepetionPeriod-r13

ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256},


sc-mcch-Offset-r13



INTEGER (0..10),


sc-mcch-FirstSubframe-r13

INTEGER (0..9),

sc-mcch-duration-r13 


INTEGER (2..9)
OPTIONAL,

sc-mcch-ModificationPeriod-r13
ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256,











 rf512, rf1024, r2048, rf4096, rf8192, rf16384, rf32768, 











 rf65536},


lateNonCriticalExtension


OCTET STRING




OPTIONAL,


...
}

-- ASN1STOP
5.7a
Discontinuous Reception (DRX) for SC-PTM

Each G-RNTI of the MAC entity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring activity for this G-RNTI as specified in [8]. When in RRC_IDLE or RRC_CONNECTED, if DRX is configured, the MAC entity is allowed to monitor the PDCCH for this G-RNTI discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity monitors the PDCCH for this G-RNTI continuously. For each G-RNTI of the MAC entity, RRC controls its DRX operation by configuring the timers onDurationTimerSCPTM, drx-InactivityTimerSCPTM, the SC-MTCH-SchedulingCycle and the value of the SC-MTCH-SchedulingOffset. The DRX operation specified in this subclause is performed independently for each G-RNTI and independently from the DRX operation specified in subcaluse 5.7.

When DRX is configured for a G-RNTI, the Active Time includes the time while:

-
onDurationTimerSCPTM or drx-InactivityTimerSCPTM is running.

When DRX is configured for a G-RNTI as specified in [8], the MAC entity shall for each subframe for this G-RNTI:

-
if [(SFN * 10) + subframe number] modulo (SC-MTCH-SchedulingCycle) = SC-MTCH-SchedulingOffset:

-
start onDurationTimerSCPTM.

-
during the Active Time, for a PDCCH-subframe:

-
monitor the PDCCH;

-
if the PDCCH indicates a DL transmission:

-
start or restart drx-InactivityTimerSCPTM.
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