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1 Introduction
In RAN#72, a new work item on “Enhancements of NB-IoT” was agreed [1].

One major objective of this WID is extending Rel-13 SC-PTM to support multi-cast downlink transmission for NB-IoT. Firmware or software updates and group message delivery are considered as the main use cases in the design of multi-cast for NB-IoT.

During the last RAN2#96 meeting, there were the following agreements for the scheduling of SC-MCCH and SC-MTCH [2]:

SC-MCCH transmission:
· Value ranges that are agreed at this meeting are considered to be the baseline.

· The exact extension values for repetition period for SC-MCCH in NB-IoT and feMTC can be extended to {rf512, rf1024, rf2048, rf4096, rf8192}.

· The exact extension values for modification period for SC-MCCH in NB-IoT and feMTC can be extended to {rf131072, rf262144, rf524288, rf1048576}.

DRX mechanism and configuration:
· For transmission of segments, a transmission scheme similar to that for LTE SC-MTCH DRX is used.
· The legacy start condition of onDurationTimerSCPTM is reused for SC-MTCH in NB-IoT and FeMTC.

· FFS if The onDurationTimerSCPTM is stopped when a PDCCH indicates a DL transmission for NB-IoT and feMTC.

· The range of the onDurationTimerSCPTM is For FeMTC, {psf300, psf400, psf500, psf600, psf800, psf1000, psf1200, psf1600}, and For NB-IoT, {pp1, pp2, pp3, pp4, pp8, pp16, pp32, spare}, where pp is the NPDCCH period of search space of corresponding SC-MTCH

· The start / stop condition for the drx-InactivityTimerSCPTM in NB-IoT and FeMTC should be defined as: Start the drx-InactivityTimerSCPTM for the corresponding SC-MTCH in the subframe containing the last repetition of the corresponding PDSCH reception. Stop the drx-InactivityTimerSCPTM when the PDCCH indicates a DL transmission.

· Assume that the legacy timers for DRX in SC-PTM are sufficient, and no additional timer is needed.
RAN-level Stop indication:
· RAN-level stop indication is supported for SC-PTM service in NB-IoT and FeMTC. Mechanism FFS.
In this contribution, based on these agreements, some remaining open issues on scheduling of SC-MCCH and SC-MTCH are further discussed.

2 Discussion
2.1 SC-MCCH configuration
In Rel-13 SC-PTM, UEs monitor the appearance of SC-MCCH according to sc-mcch-FirstSubframe-r13 and sc-mcch-duration-r13 in SIB20. sc-mcch-FirstSubframe-r13 indicates the first subframe in which SC-MCCH is scheduled and sc-mcch-duration-r13 indicates the duration in subframes during which SC-MCCH may be scheduled in PDCCH sub-frames starting from the subframe indicated by sc-mcch-FirstSubframe-r13. However, there is the concept of NPDCCH period in NB-IoT. UEs will monitor NPDCCH periodically for SC-MCCH according to the configuration of Type1-MSS. Thus, sc-mcch-FirstSubframe and sc-mcch-duration are not needed in SIB20-NB for NB-IoT.
Proposal 1:  sc-mcch-FirstSubframe and sc-mcch-duration are not needed in SIB20-NB for NB-IoT. 
In the last RAN2 meeting, several extended values for the repetition period (RP) and the modification period (MP) of SC-MCCH have been agreed. For the repetition period in SIB20-NB, the extended values of {rf512, rf1024, rf2048, rf4096, rf8192} are included. While for the modification period, the extended values of {rf131072, rf262144, rf524288, rf1048576} are included. The mean reason to extend the value ranges of the repetition period and modification period is that the transmission duration in NB-IoT is relatively long to guarantee the coverage enhancement. However, the support of multi-cast services which only required normal coverage should be considered also. For example, if a multi-cast service is used for the delivery of control messages for streetlights, only normal coverage is enough. In the scenario where only this kind of services is ongoing, large modification period will cause unacceptable latency. Therefore, besides the large extended values, some small values of repetition period and modification period should be kept for multi-cast services in normal coverage. The possible values for the repetition period of SC-MCCH are enumerated as {rf32, rf128, rf256, rf512, rf1024, rf2048, rf4096, rf8192}. For the modification period of SC-MCCH, the possible values are enumerated as {rf32, rf128, rf256, rf512, rf1024, rf2048, rf4096, rf8192, rf16384, rf32768, rf65536, rf131072, rf262144, rf524288, rf1048576, spare1}.
Proposal 2:  The possible values for the repetition period of SC-MCCH are enumerated as {rf32, rf128, rf256, rf512, rf1024, rf2048, rf4096, rf8192}. 
Proposal 3:  The possible values for the modification period of SC-MCCH are enumerated as {rf32, rf128, rf256, rf512, rf1024, rf2048, rf4096, rf8192, rf16384, rf32768, rf65536, rf131072, rf262144, rf524288, rf1048576, spare1}.
2.2 DRX for SC-MCCH and SC-MTCH
In the last RAN2 meeting, whether to stop the onDurationTimerSCPTM when UE decodes NPDCCH for SC-MTCH successfully is still FFS. In multi-cast of NB-IoT, after decoding a NPDCCH scheduling a NPDSCH transmission for SC-MTCH, it is impossible for this UE to receive another NPDCCH for the same SC-MTCH until the SC-MTCH transmission is finished. Thus, it is proposed that the onDurationTimerSCPTM is stopped when a NPDCCH indicating a DL transmission for SC-MTCH is decoded successfully. 
Proposal 4:  The onDurationTimerSCPTM is stopped when a NPDCCH indicates a DL transmission for SC-MTCH.
The DRX mechanism for SC-MTCH transmission is controlled by the following 4 parameters configured in SC-MCCH:

· onDurationTimerSCPTM 

· drx-InactivityTimerSCPTM

· drx-CycleSCPTM

· drx-StartOffsetSCPTM

Besides the agreed value range of onDurationTimerSCPTM, it is proposed that the existing values of the corresponding unicast DRX parameters are used for drx-InactivityTimerSCPTM, drx-CycleSCPTM and drx-StartOffsetSCPTM. The possible value ranges are listed as follows:

· drx-InactivityTimerSCPTM : ENUMERATED {pp0, pp1, pp2, pp3, pp4, pp8, pp16, pp32}
· drx-CycleSCPTM : ENUMERATED {sf256, sf512, sf1024, sf1536, sf2048, sf3072 sf4096, sf4608, sf6144, sf7680, sf8192, sf9216, spare4, spare3, spare2, spare1}

· drx-StartOffsetSCPTM : INTEGER (0..255)

Where pp is the NPDCCH period of the search space of the corresponding SC-MTCH.

Proposal 5:  Use the following value ranges for the parameters which control the DRX mechanism of SC-MTCH. 

· drx-InactivityTimerSCPTM : ENUMERATED {pp0, pp1, pp2, pp3, pp4, pp8, pp16, pp32}
· drx-CycleSCPTM : ENUMERATED {sf256, sf512, sf1024, sf1536, sf2048, sf3072 sf4096, sf4608, sf6144, sf7680, sf8192, sf9216, spare4, spare3, spare2, spare1}

· drx-StartOffsetSCPTM : INTEGER (0..255)

Where pp is the NPDCCH period of the search space of the corresponding SC-MTCH.

The last RAN2 meeting has agreed that, for transmission of SC-MCCH segments, a transmission scheme similar to SC-MTCH DRX is used. Thus, the same parameters with the same value ranges as for SC-MTCH DRX should be broadcasted in SIB20-NB for SC-MCCH DRX.
Proposal 6:  onDurationTimerSCPTM, drx-InactivityTimerSCPTM, drx-CycleSCPTM and drx-StartOffsetSCPTM are broadcasted in SIB20-NB for SC-MCCH segments with the same value ranges as for SC-MTCH DRX.

Since SC-MCCH and SC-MTCH are all scheduled by NPDCCH and transmitted on NPDSCH, the start/stop conditions of onDurationTimerSCMCCH and drx-InactivityTimerSCMCCH should be the same as onDurationTimerSCPTM and drx-InactivityTimerSCPTM respectively.
Proposal 7:  The start/stop conditions of onDurationTimerSCPTM and drx-InactivityTimerSCPTM for SC-MCCH DRX are the same as for SC-MTCH DRX.

2.3 Stop indication
It has been agreed that the stop indication should be supported in multi-cast of NB-IoT to avoid unnecessary UE power consumption after the session is stopped when the modification period is long. However, the mechanism is still FFS. According to the email discussion of the last RAN2 meeting [3], there are the following two options for implementing RAN-level stop indication:

Option 1: MAC CE. In this option, the MCH Scheduling Information MAC control element for MBSFN can be reused for multi-cast of NB-IoT.
Option 2: DCI for scheduling SC-MTCH. In this option, one bit in the DCI scheduling SC-MTCH can be used to indicate that the scheduled TB is the last TB of the corresponding SC-MTCH. However, this option needs to be confirmed by RAN1 because the DCI format is RAN1 issue and the bits in the DCI are very valuable.
Thus, it is proposed that a MAC CE can be used as the RAN-level stop indication for smaller standard impact.

Proposal 8:  The RAN-level stop indication for SC-MTCH is implemented by a MAC CE.

3 Conclusion

This paper focused on some remaining open issues on scheduling of SC-MCCH and SC-MTCH in NB-IoT. The corresponding proposals are listed below. 
Proposal 9:  sc-mcch-FirstSubframe and sc-mcch-duration are not needed in SIB20-NB for NB-IoT. 

Proposal 10:  The possible values for the repetition period of SC-MCCH are enumerated as {rf32, rf128, rf256, rf512, rf1024, rf2048, rf4096, rf8192}. 

Proposal 11:  The possible values for the modification period of SC-MCCH are enumerated as {rf32, rf128, rf256, rf512, rf1024, rf2048, rf4096, rf8192, rf16384, rf32768, rf65536, rf131072, rf262144, rf524288, rf1048576, spare1}.

Proposal 12:  The onDurationTimerSCPTM is stopped when a NPDCCH indicates a DL transmission for SC-MTCH.

Proposal 13:  Using the following value ranges for the parameters which control the DRX mechanism of SC-MTCH. 

· drx-InactivityTimerSCPTM : ENUMERATED {pp0, pp1, pp2, pp3, pp4, pp8, pp16, pp32}
· drx-CycleSCPTM : ENUMERATED {sf256, sf512, sf1024, sf1536, sf2048, sf3072 sf4096, sf4608, sf6144, sf7680, sf8192, sf9216, spare4, spare3, spare2, spare1}

· drx-StartOffsetSCPTM : INTEGER (0..255)

Where pp is the NPDCCH period of search space of corresponding SC-MTCH.

Proposal 14:  onDurationTimerSCPTM, drx-InactivityTimerSCPTM, drx-CycleSCPTM and drx-StartOffsetSCPTM are broadcasted in SIB20-NB for SC-MCCH segments with the same value ranges as for SC-MTCH DRX.

Proposal 15:  The start/stop conditions of onDurationTimerSCPTM and drx-InactivityTimerSCPTM for SC-MCCH DRX are the same as for SC-MTCH DRX.

Proposal 16:  The RAN-level stop indication for SC-MTCH is implemented by a MAC CE.
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