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Discussion and Decision
1 Introduction

In [1], work to extend multicast support to NB-IoT using SC-PTM was approved. In RAN2#95 meeting, it was agreed that SC-MCCH/SC-MTCH will be scheduled by DCI. In this contribution, we consider the DCI formats and semi-persistent scheduling support for SC-PTM transmission.
2 SC-MCCH
For scheduling of the NPDSCH, DCI format N2 can be used as the baseline. This DCI format provides all necessary information such as resource assignment, MCS level, and repetition number that would be needed for SC-MCCH transmission. Since the size of the TBS table is not changed with the introduction of a larger maximum TBS of 1352 bits, the existing resource assignment field is still valid. Other possible scheduling information from DCI format N1 such as HARQ-ACK resource indicator, PDCCH order, and scheduling delay are not needed for SC-MCCH transmission.

For Rel13 NB-IoT, DCI format N2 is applied to notify the system information change by a direct indicator. Therefore, after decoding the PDCCH addressed by SC-RNTI, the UE may continue the SC-MCCH acquisition according to the scheduling information if the flag inside DCI format N2 indicates a SC-MCCH change. With applying the direct indicator, no additional PDCCH transmission addressed by SC-N-RNTI is required which could improve the resource efficiency and reduce implementation complexity.
Proposal 1: Reuse DCI format N2 as baseline for scheduling of SC-MCCH and for indicating SC-MCCH modification.
3 SC-MTCH

In RAN2#95, it was agreed by RAN2 to assume that SC-MTCH is scheduled by PDCCH as in legacy mechanism. The maximum size of each multicast UDP/IP packet can be 1500 bytes. At the physical layer, 10 transport blocks would be required to transmit this UDP/IP packet if maximum TBS of 1352 bits is used.In RAN2#95, it was agreed by RAN2 to assume that SC-MTCH is scheduled by PDCCH as in legacy mechanism. The maximum size of each multicast UDP/IP packet can be 1500 bytes. At the physical layer, 10 transport blocks would be required to transmit this UDP/IP packet if maximum TBS of 1352 bits is used.

If TBS of 680 bits is used, then 19 transport blocks will be needed. Furthermore, in case of software/firmware upgrade, the total size can be very large (e.g. a few Mbytes), requiring many UDP/IP packets. As the multicast session is addressing the same group of UEs, each transport block will likely use the same MCS level, TBS, and repetition number based on the performance target desired by the eNB. Thus, there is no reason to transmit NPDCCH on every scheduling instance. For instance, results from Figure 1 and Figure 2 show that approximately 256 repetitions are needed to transmit both the NPDCCH and NPDSCH (using 10 RUs) at 164 dB MCL. This means that the NPDCCH overhead is 10% in this case. Even at 144 dB MCL, the NPDCCH overhead is around 5%. Thus, reducing the NPDCCH overhead can lead to significant saving in downlink resources. Therefore, it is proposed to introduce semi-persistent scheduling for SC-MTCH. Naturally, for small data packet, there would be no need to use semi-persistent scheduling. Therefore, it is proposed to support both dynamic and semi-persistent scheduling for SC-MTCH.
Proposal 2: Support both dynamic and semi-persistent scheduling for SC-MTCH.
For scheduling of the NPDSCH, DCI format N2 can be used as the baseline. This DCI format provides all necessary information such as resource assignment, MCS level, and repetition number that would be needed for SC-MTCH transmission. Since the size of the TBS table is not changed with the introduction of a larger maximum TBS of 1352 bits, the existing resource assignment field is still valid. Other possible scheduling information from DCI format N1 such as HARQ-ACK resource indicator, PDCCH order, and scheduling delay are not needed for SC-MTCH transmission.
Proposal 3: Reuse DCI format N2 for scheduling of SC-MTCH.
Semi-persistent scheduling is not supported in NB-IoT. It is also not supported in IDLE mode in legacy LTE. However, [2] discusses how SPS procedure might be modified to support scheduling for the SC-MTCH. The basic idea is to provide information about the SPS configuration in the SCPTMConfiguration message. For NB-IoT, at least two SPS related configuration is needed - SPS-C-RNTI and semiPersistSchedIntervalDL. Although Rel-14 NB-IoT may support up to 2 HARQ processes, this may not be necessary for SC-MTCH. Thus, when SPS is used to support the scheduling of a SC-MTCH, the SC-MCCH SCPTMConfiguration message provides for that specific SC-MTCH, the following information - SPS-C-RNTI and semiPersistSchedIntervalDL.
Proposal 4: When SPS is used to support scheduling of a SC-MTCH, the SCPTMConfiguration message provides the following information - SPS-C-RNTI, semiPersistSchedIntervalDL.
Then SPS can be activated and deactivated using legacy LTE procedure. In this case, DCI N2 can be scrambled with SPS-C-RNTI. However, in order to reduce the chances of the UE incorrectly interpreting the DCI, certain DCI fields must be set to specific values. For DCI N2, only the MCS field has unused values. Different values can be used for activation / deactivation. Therefore, it is proposed that SPS activation / deactivation is performed using DCI N2 that is scrambled by the SPS-C-RNTI and with the MCS field configured to specific unused values.
Proposal 5: SPS activation / deactivation is performed using DCI N2 that is scrambled by the SPS-C-RNTI and with the MCS field configured to specific unused values.
Naturally, SPS configuration may need some modifications to support coverage enhancement operation. Given that SPS SC-PTM may be used to send large transmissions requiring high reliability to devices in poor coverage and also to avoid prolonged blockage of narrowband resources to other UEs, it is proposed that the semiPersistSchedIntervalDL parameter support larger values > sf640.

Proposal 6: The semiPersistSchedIntervalDL parameter is extended to support values greater than sf640.
4 Conclusions

In this contribution, we consider semi-persistent scheduling of SC-MTCH transmission and make the following proposals –

Proposal 1: Reuse DCI format N2 as baseline for scheduling of SC-MCCH and for indicating SC-MCCH modification.
Proposal 2: Support both dynamic and semi-persistent scheduling for SC-MTCH.
Proposal 3: Reuse DCI format N2 for scheduling of SC-MTCH.
Proposal 4: When SPS is used to support scheduling of a SC-MTCH, the SCPTMConfiguration message provides the following information - SPS-C-RNTI, semiPersistSchedIntervalDL.
Proposal 5: SPS activation / deactivation is performed using DCI N2 that is scrambled by the SPS-C-RNTI and with the MCS field configured to specific unused values.
Proposal 6: The semiPersistSchedIntervalDL parameter is extended to support values greater than sf640.
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Figure 1. NPDCCH performance.
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Figure 2. SC-MTCH (NPDSCH) performance.
