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Discussion and Decision
1
Introduction
In [1], a new work item for enhancement NB-IoT was approved with a key objective to support multicast for NB-IoT. This will be done by extending Rel-13 SC-PTM to NB-IoT. In this contribution, we consider RAN1 impacts from supporting SC-PTM for NB-IoT.
2
Multicast Support for NB-IoT
In Rel-14, multicast will be introduced for NB-IoT to support use cases such as firmware or software updates and group message delivery. According to [1], multicast support for NB-IoT will use SC-PTM. SC-PTM can reuse the existing NPDCCH and NPDSCH channels, thus minimizing the necessary specification changes. SC-PTM contains two logical channels, the control channel (SC-MCCH) and the transport channel (SC-MTCH). In Rel-13, SIB20 contains the information required to acquire the SC-MCCH. Specifically, SIB20 contains the following fields –

· sc-mcch-ModificationPeriod defines the period that the SC-MCCH contents must stay the same, i.e. radio frames for which SFN mod sc-mcch-ModificationPeriod = 0. The maximum period is 256 radio frames.

· sc-mcch-Offset indicates, together with the sc-mcch-Repetition parameter, the radio frame from which the SC-MCCH is scheduled.
· sc-mcch-RepetitionPeriod defines the interval between transmissions of SC-MCCH information, in radio frames.

· sc-mcch-FirstSubframe indicates the first subframe in which SC-MCCH is scheduled.
· 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.

For NB-IoT, the same principle from SIB20 can be used although different values may be needed (e.g. a much longer modification period should be used for NB-IoT). It is therefore proposed to reuse SIB20 for NB-IoT.
Proposal 1: Introduce a new SIB-NB containing required information to acquire the SC-MCCH (SIB20-NB). Reuse legacy SIB20 information fields as much as possible.
Subsequent to obtaining the SC-MCCH scheduling information, UE will monitor the NPDCCH for SC-MCCH using SC-RNTI. The SC-MCCH itself is transmitted on the NPDSCH and contains the SCPTMConfiguration message. The SCPTMConfiguration message contains a list of MTCH sessions (with up to a maximum of 1023 sessions are possible). For NB-IoT, it is likely that only very few sessions will be active at a time. Therefore, the SCPTMConfiguration message is likely to be small and would fit within the maximum TBS limit for NPDSCH. 

Currently, two types of common search spaces are available for NB-IoT – type-1 for paging and type-2 for others such as RAR/Msg3/Msg4. Although type-1 search space may be suitable for SC-MCCH since this message is for many UEs, the configuration of type-1 search space depends on the paging opportunity subframes. Thus, this might create some conflict with paging operation. Therefore, it is proposed to use type-2 common search space for SC-MCCH scheduling. The G parameter for type-2 CSS is given by nPDCCH-startSF-Type2CSS. For multicast, it is unlikely that the UE will have to detect the NPDCCH as often as indicated by nPDCCH-startSF-Type2CSS since the network may want to configure plenty of opportunities for RAR/Msg3/Msg4.Thus, a different G and starting subframe may be needed for SC-PTM’s search space. In addition, DCI format N1 can be reused for SC-MCCH scheduling. 
Proposal 2: NPDCCH for SC-MCCH uses type-2 common search space and existing DCI format N1. Consider defining separate G and offset parameters for SC-MCCH CSS.
When there is a change in SC-MCCH information, the network notifies the UEs about the change in the first subframe which can be used for SC-MCCH transmission in a repetition period. UE checks for this change using the SC-N-RNTI. UE will acquire the new SC-MCCH information starting from the same subframe. This procedure might require some modification for NB-IoT.
For MTCH transmission, the SC-MTCH may be scheduled in any subframe (unless DRX information for the SC-MTCH is configured) and the UE monitors for the G-RNTI used to scramble the scheduling and transmission of a specific multicast session. For NB-IoT, it would be sufficient to reuse common search space to schedule the SC-MTCH transmission. Therefore, it is also proposed to use type-2 common search space for SC-MTCH scheduling. The SC-MTCH can also be scheduled using DCI format N1.
Proposal 3: NPDCCH for SC-MTCH uses type-2 common search space and existing DCI format N1. Consider defining separate G and offset parameters for SC-MTCH CSS.
Note that a UE is not required to monitor both USS and CSS simultaneously. The search spaces for USS and SC-PTM CSS can be configured to not overlap by the eNB. However, in case of overlap, it is proposed that UE will monitor the CSS for SC-PTM.

Proposal 4: In case of overlap between USS for unicast and CSS for SC-PTM, UE will monitor CSS for SC-PTM.
Currently, only unicast traffic is transmitted on non-anchor carrier and the UE is directed via RRC signaling to non-anchor carrier. For multicast traffic, it would be beneficial to transmit such traffic on non-anchor carrier for load balancing purpose. A separate non-anchor carrier for multicast may also be configured for operation purposes. In addition, it should be possible for a UE to be connected to one carrier for SC-MTCH and a different carrier for unicast data. Thus, it is proposed that SC-MTCH may be transmitted on non-anchor carrier.
Information about SC-MTCH carrier(s) may be provided in the SC-MCCH since this information is common to all UEs receiving same multicast session. Alternately, carrier information can be provided in SIB20-NB. However, as SIB20-NB only provides information about the SC-MCCH, this would restrict SC-MCCH and SC-MTCH to be on the same carrier and thus limit flexibility. It might be also possible to indicate the carrier to be used on the DCI. However, as cross-carrier scheduling is not currently supported, this option is not preferred.
Proposal 5: SC-MTCH may be transmitted on non-anchor carrier(s). Information about non-anchor carrier(s) to be used for SC-MTCH can be provided in SCPTMConfiguration message.
3
Conclusion
In this contribution, we consider SC-PTM for NB-IoT and make the following proposals –

Proposal 1: Introduce a new SIB-NB containing required information to acquire the SC-MCCH (SIB20-NB). Reuse legacy SIB20 information fields as much as possible.

Proposal 2: NPDCCH for SC-MCCH uses type-2 common search space and existing DCI format N1. Consider defining separate G and offset parameters for SC-MCCH CSS.
Proposal 3: NPDCCH for SC-MTCH uses type-2 common search space and existing DCI format N1. Consider defining separate G and offset parameters for SC-MTCH CSS.
Proposal 4: In case of overlap between USS for unicast and CSS for SC-PTM, UE will monitor CSS for SC-PTM.
Proposal 5: SC-MTCH may be transmitted on non-anchor carrier(s). Information about non-anchor carrier(s) to be used for SC-MTCH can be provided in SCPTMConfiguration message.
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