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1 Introduction
In this contribution we discuss scheduling aspects of SC-PTM for Rel-14 FeMTC and eNB-IoT. In particular, we address the issues of scheduling the SC-MCCH logical channel. For SC-MTCH scheduling, the following agreements were made in RAN2#85:

RAN2 assumes that the legacy SC-MTCH mechanism in which the SC-MTCH is scheduled by PDCCH is reused for multi-cast in NB-IoT and MTC to achieve flexible scheduling.

RAN2 assumes that repetition for SC-MTCH transmission will be introduced for multi-cast in NB-IoT and MTC.
Additionally, we briefly cover parallel reception.

2 Discussion
2.1 Scheduling of SC-MCCH
We prefer the option of using only one SC-MCCH per cell or NB-IoT anchor carrier. Such channel would need to be received by all UEs even in different CE levels. This channel should be scheduled in a way that UEs can acquire it over some period of time using as few blind decoding attempts as possible. 
Proposal 1 One SC-MCCH per cell or NB-IoT anchor carrier is mapped on DL-SCH. 

If the SC-MCCH is scheduled dynamically, the overhead of NPDCCH or MPDCCH transmissions would be significant. The SC-MCCH transmissions should reach the UEs in worst possible coverage supported for the multicast services in the cell, as decided by the eNB. When both control and data channels would be repeated with such a large factor, the radio resource use would be high, and as SIB20 is already used to provide parameters for SC-MCCH scheduling, it can be re-used and possibly extended to provide scheduling for control-less SC-MCCH. Therefore, we think that the least complex solution would be to  

Proposal 2 Use control-less semi-static scheduling for SC-MCCH.
An example of scheduling is provided in Figure 1. This type of scheduling can be seen to be similar how system information is scheduled for eMTC or NB-IoT UEs. 
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Figure 1. Example of dynamic (legacy) and control-less scheduling of SC-MCCH.
SC-MCCH change notification

Currently, a modification period concept, similar to what is used for system information change, is used for SC-MCCH change. 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.

SC-MCCH change is indicated using a notification mechanism [1]:

· 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. 

For eMTC and NB-IoT UEs, the current mechanism listed in the above bullets cannot be directly used as the DCI format used for SC-N-RNTI does not exist. Moreover, if the proposal for control-less SC-MCCH is adopted, there would be no associated RNTI to monitor for possible change notification, thus a new mechanism is needed. 
As UEs will monitor for P-RNTI also in idle mode, we think the least complex solution would be to indicate SC-MCCH changes using the Direct Indication message, which is already specified for both eMTC and NB-IoT operations. 
Proposal 3 Use Direct Indication message for change notification of SC-MCCH content.
The existing procedure for SC-MCCH in RRC specification can be largely re-used with the Direct Indication change notification. One difference is that UE cannot start to acquire SCPTMConfiguration message on the same subframe where the indication is sent, but from the next possible subframe, so for example as described in the following text proposal for RRC specification [1]:
	5.8a.2.3
SC-MCCH information acquisition by the UE

A SC-PTM capable UE shall:
1>
if the procedure is triggered by an SC-MCCH information change notification:

2> if the UE is not a NB-IoT UE; BL UE; or UE is not in CE: 

3>start acquiring the SCPTMConfiguration message from the subframe where the change notification was received;
2> if the UE is a NB-IoT UE; BL UE; or UE is in CE:


3> start acquiring the SCPTMConfiguration message from the next possible SC-MCCH occasion after the subframe containing the last repetition of the change notification;
NOTE 1:
The UE continues using the previously received SC-MCCH information until the new SC-MCCH information has been acquired.

1>
if the UE enters a cell broadcasting SystemInformationBlockType20:

2>
acquire the SCPTMConfiguration message at the next repetition period;

1>
if the UE is receiving an MBMS service via an SC-MRB:

2>
start acquiring the SCPTMConfiguration message from the beginning of each modification period.




SC-MCCH scheduling configuration
SIB20 gives the configuration for SC-MCCH. The following information is currently given in the fields of the information element [1] (see also Appendix A for details):
1. Length of modification period (from 2 up to 65536 radio frames)

2. The interval between SC-MCCH transmission (from 2 up to 256 radio frames)
3. First subframe and duration in subframes during which SC-MCCH can be scheduled in a radio frame
4. Offset in radio frames where SC-MCCH is scheduled. 

If SC-MCCH uses control-less scheduling, then the scheduling information should be given in SIB20. The sc-mcch-RepetitionPeriod field already gives the repetition periodicity. The subframe-related fields can be re-used to indicate the subframe where SC-MCCH is transmitted. However, currently in Rel-13 SC-PtM only one subframe per frame can be used for SC-MCCH. Hence, it may take UEs in worse coverage long time to accumulate enough repetitions to decode SC-MCCH. Therefore, we propose some alternative ways to increase the flexibility of SC-MCCH scheduling flexibility in SIB20 as follows:

1. Use existing fields, one subframe and duration can be indicated.

2. Introduce additional field for extended subframe configuration.

3. Fix the subframe allocation in the specifications, and possibly avoid overlap with SI scheduling. 

Proposal 4 All existing fields in SIB20 are re-used for SC-MCCH scheduling information. It is possible to ignore some fields, however, this is left for RAN1 to decide. 
Furthermore, RAN2 should decide if we need to indicate the maximum coverage supported for multicast by inducing parameter on maximum number of repetitions of SC-MCCH. We think it will be useful for the UEs to know what is the maximum CE level that is supported, that is, what it the maximum number of repetitions used in downlink, in order to save power in the case the maximum supported level is less than what the UE would require. In this case the UE would then not need to receive SC-MCCH, as it would not expect there to be any services scheduled for the CE level the UE is in. 
Proposal 5 Maximum number of TB repetitions for the multicast services in the cell is indicated in SIB20.

For SC-MCCH the transport block size and MCS need to be further indicated. The TBS should reflect the size of the SCPTMConfiguration message. The MCS should be chosen corresponding to the maximum multicast repetition level in the cell. This information could be further introduced to SIB20, either by directly signalling them as fields in the information element or by giving an index to a table or similar for lookup of the exact used parameters. 
Proposal 6 Signal information of TBS and MCS for SC-MCCH physical layer transmission in SIB20.

2.2 Parallel reception
For SC-MTCH scheduling RAN2 agreed to assume legacy SC-MTCH mechanism, with dynamic scheduling. Parallel reception of paging and multicast data in idle mode is not possible for NB-IoT and eMTC UEs according to the currently specified operation. Correct UE behaviour should be captured in specifications to ensure the UE is reachable for paging. 

Proposal 7 Prioritize P-RNTI monitoring and paging reception over possible multicast data transmission in RRC_IDLE. 
3 Conclusion

In this contribution we discussed scheduling aspects of SC-PTM for Rel-14 FeMTC and eNB-IoT. Based on the discussion in section 2 we propose the following:
Proposal 1
One SC-MCCH per cell or NB-IoT anchor carrier is mapped on DL-SCH.
Proposal 2
Use control-less semi-static scheduling for SC-MCCH.
Proposal 3
Use Direct Indication message for change notification of SC-MCCH content.
Proposal 4
All existing fields in SIB20 are re-used for SC-MCCH scheduling information. It is possible to ignore some fields, however, this is left for RAN1 to decide.
Proposal 5
Maximum number of TB repetitions for the multicast services in the cell is indicated in SIB20.
Proposal 6
Signal information of TBS and MCS for SC-MCCH physical layer transmission in SIB20.
Proposal 7
Prioritize P-RNTI monitoring and paging reception over possible multicast data transmission in RRC_IDLE.
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E Appendix ASN.1 reference

SystemInformationBlockType20
The IE SystemInformationBlockType20 contains the information required to acquire the control information associated transmission of MBMS using SC-PTM.

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
	SystemInformationBlockType20 field descriptions

	sc-mcch-ModificationPeriod

Defines periodically appearing boundaries, i.e. radio frames for which SFN mod sc-mcch-ModificationPeriod = 0. The contents of different transmissions of SC-MCCH information can only be different if there is at least one such boundary in-between them. Value rf2 corresponds to 2 radio frames, value rf4 corresponds to 4 radio frames and so on.

	sc-mcch-duration

Indicates, starting from the subframe indicated by sc-mcch-FirstSubframe, the duration in subframes during which SC-MCCH may be scheduled in PDCCH sub-frames, see TS 36.321 [6]. Absence of this IE means that SC-MCCH is only scheduled in the subframe indicated by sc-mcch-FirstSubframe.

	sc-mcch-Offset

Indicates, together with the sc-mcch-RepetitionPeriod, the radio frames in which SC-MCCH is scheduled i.e. SC-MCCH is scheduled in radio frames for which: SFN mod sc-mcch-RepetitionPeriod = sc-mcch-Offset.

	sc-mcch-FirstSubframe

Indicates the first subframe in which SC-MCCH is scheduled

	sc-mcch-RepetitionPeriod

Defines the interval between transmissions of SC-MCCH information, in radio frames. Value rf2 corresponds to 2 radio frames, rf4 corresponds to 4 radio frames and so on.
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