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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 previous 4 RAN2 meetings, most of the details about multi-cast in NB-IoT have been agreed.
In this contribution, some remaining details on configuration and SC-MCCH update notification of multi-cast in NB-IoT are further discussed.

2  Discussion
2.1 TBS Configuration
In the last RAN2#97 meeting, RAN1 has inform the following agreement by the LS [2]:

· Maximum TBS value for NPDSCH carrying SC-MCCH or SC-MTCH is 2536 bits

· Cat NB-1 UE does not need to receive the NPDSCH if the DCI indicates a TBS larger than 680 bits

According to the current mechanism, the Cat NB-1 UEs have no idea about whether the TBS used by SC-MCCH or SC-MTCH transmissions is larger than 680 bits or not, which means these UEs can only decide the NPDSCH reception after the successful decoding of DCI. One of the major use case for multi-cast in NB-IoT is software update. In this case, one update needs many downlink TBs for both SC-MCCH and SC-MTCH. If most of them are scheduled with TBS larger than 680bits, the Cat NB-1 UEs will waste a lot of power on unnecessary DCI decoding. Therefore, it is proposed to introduce the following larger TBS indications for both SC-MCCH and SC-MTCH in multi-cast configuration:
Introduce one larger TBS indication in SIB20-NB to indicate whether TBS larger than 680bits will be used for SC-MCCH transmission.
Introduce one larger TBS indication in SC-MCCH message for each SC-MTCH to indicate whether TBS larger than 680bits will be used for corresponding SC-MTCH transmission.

Thus, unnecessary DCI decoding of Cat NB-1 UEs can be avoided, which is beneficial for the power consumption of these UEs.

Proposal 1:  Introduce one larger TBS indication in SIB20-NB to indicate whether TBS larger than 680bits may be used for SC-MCCH transmission.

Proposal 2:  Introduce one larger TBS indication in SC-MCCH message for each SC-MTCH to indicate whether TBS larger than 680bits may be used for corresponding SC-MTCH transmission.

2.2 Carrier Configuration
In the current texts of the 36.331 [3], the DL carrier configurations for SC-MCCH and SC-MTCH are explicitly signaled in SIB20-NB and SC-MCCH message respectively with the structure of DL-CarrierConfigCommon-NB-r14. 
If the carrier used for SC-MCCH or SC-MTCH is the anchor DL carrier or one of the non-anchor DL carriers in the DL-CarrierConfigCommonList-NB-r14 in the SIB22-NB, an index can be used for DL carrier configuration instead of DL-CarrierConfigCommon-NB-r14. The UEs can use this index to refer to the configuration of the anchor carrier or the configuration for corresponding non-anchor carrier. In this case, the signaling overhead can be reduced for DL carrier configuration of SC-MCCH and SC-MTCH sometimes. 
Proposal 3:  If the DL carrier for SC-MCCH or SC-MTCH is the anchor DL carrier or one of the non-anchor DL carriers in the SIB22-NB, use the carrier index instead of DL-CarrierConfigCommon-NB-r14 for DL carrier configuration. Where index 0 refers to the related configuration for the anchor DL carrier, index 1~15 refer to the related configuration for the corresponding non-anchor DL carriers in SIB22-NB.
2.3 SC-MTCH Configuration
In the current 36.331 [3], each SC-MTCH-Info-NB-r14 in the SC-MTCH-InfoList-NB-r14 is explicitly signaled separately. To reduce signaling overhead, delta configuration to the preceding entry in the list of SC-MTCH can be used. That is to say, only the parameters in the SC-MTCH-Info-NB-r14 for the first SC-MTCH need to be explicitly signaled. For other SC-MTCH, only the parameters that are different from the preceding entry need to be explicitly signaled. This can apply to all parameters except for the mbmsSessionInfo-r14 and the g-RNTI-r14:
· sc-mtch-NeighbourCell-r14 (8bits)

· npdcch-NumRepetitions-SC-MTCH-r14 (4bits)
· npdcch-StartSF-SC-MTCH-r14 (3bits)
· npdcch-Offset-SC-MTCH-r14 (3bits)
· onDurationTimerSCPTM-r14 (3bits)
· drx-InactivityTimerSCPTM-r14 (3bits)
· schedulingPeriodStartOffsetSCPTM-r14 (17bits)
In the best case, for each SC-MTCH-Info-NB-r14 except for the preceding entry, at most 41 bits signaling overhead can be saved.
Proposal 4:  Allow delta configuration for SC-MTCH-Info-NB-r14 except for the parameters of mbmsSessionInfo-r14 and g-RNTI-r14.

2.4 SC-MCCH Update Notification

In the current RAN1 36.212 [4], one 1 bit field in DCI format N2 and one 2bits field in DCI format N1 have been defined for SC-MCCH update notification as follows:

6.4.3.2  DCI Format N1

DCI format N1 is used for the scheduling of one NPDSCH codeword in one cell, random access procedure initiated by a NPDCCH order, and notifying SC-MCCH change. The DCI corresponding to a NPDCCH order is carried by NPDCCH.
The following information is transmitted by means of the DCI format N1:


……
Else if the format N1 CRC is scrambled by a G-RNTI:

-
Information for SC-MCCH change notification – 2 bits as defined in section 5.8a of [6]

……
6.4.3.3  DCI Format N2

DCI format N2 is used for paging, and direct indication, scheduling of one NPDSCH codeword carrying SC-MCCH in one cell, and notifying SC-MCCH change.

The following information is transmitted by means of the DCI format N2:

……

Else if the format N2 CRC is scrambled by a SC-RNTI:

-
Information for SC-MCCH change notification – 1 bit as defined in section 5.8a of [6]

……
However, how to use each bit for SC-MCCH update notification has not been defined clearly in both RAN1 and RAN2 specifications. Thus, some clear descriptions in 36.331 on how to use the SC-MCCH update notification bits in the DCI formats N1 and N2 are needed.

Proposal 5:  Add some description in 36.331 to define how to use the SC-MCCH update notification bits in the DCI formats N1 and N2.
In the current 36.331 [2], the UE behavior after receiving the SC-MCCH update notification in PDCCH for SC-MCCH due to new MBMS service(s) is describe as follows:

5.8a.1.3  SC-MCCH information validity and notification of changes

……

When the network changes (some of) the SC-MCCH information for start of new MBMS service(s) transmitted using SC-PTM, it notifies BL UEs, UEs in CE or NB-IoT UEs about the change in every PDCCH which schedules the SC-MCCH in the current modification period. Upon receiving a change notification, a BL UE, UE in CE or NB-IoT UE interested to receive MBMS services transmitted using SC-PTM acquires the new SC-MCCH information starting from the same subframe. The BL UE, UE in CE or NB-IoT UEs applies the previously acquired SC-MCCH information until the BL UE, UE in CE or NB-IoT UE acquires the new SC-MCCH information.

In Rel-13 SC-PTM, the new SC-MCCH information is transmitted at the same subframe with the update notification, which is impossible in NB-IoT. After receiving the update notification in DCI which schedules the SC-MCCH, the SC-MCCH information acquisition doesn’t need to be start at the same subframe. The UE only needs to receive the NPDSCH of SC-MCCH according to the scheduling information in the same DCI with update notification.
Proposal 6:  Upon receiving a DCI contains change notification due to new MBMS service(s), the NB-IoT UE acquires the new SC-MCCH information starting from the first subframe of NPDSCH scheduled by this DCI.

3  Conclusion

This paper focused on the remaining issues on configurations and SC-MCCH update notification of multi-cast in NB-IoT. The corresponding proposals are listed below. 
Proposal 7:  Introduce one larger TBS indication in SIB20-NB to indicate whether TBS larger than 680bits may be used for SC-MCCH transmission.

Proposal 8:  Introduce one larger TBS indication in SC-MCCH message for each SC-MTCH to indicate whether TBS larger than 680bits may be used for corresponding SC-MTCH transmission.

Proposal 9:  If the DL carrier for SC-MCCH or SC-MTCH is the anchor DL carrier or one of the non-anchor DL carriers in the SIB22-NB, use the carrier index instead of DL-CarrierConfigCommon-NB-r14 for DL carrier configuration. Where index 0 refers to the related configuration for the anchor DL carrier, index 1~15 refer to the related configuration for the corresponding non-anchor DL carriers in SIB22-NB.

Proposal 10:  Allow delta configuration for SC-MTCH-Info-NB-r14 except for the parameters of mbmsSessionInfo-r14 and g-RNTI-r14.

Proposal 11:  Add some description in 36.331 to define how to use the SC-MCCH update notification bits in the DCI formats N1 and N2.

Proposal 12:  Upon receiving a DCI contains change notification due to new MBMS service(s), the NB-IoT UE acquires the new SC-MCCH information starting from the first subframe of NPDSCH scheduled by this DCI.

If Proposals 1-4 are agreed, the sourcing company will prepare the corresponding CR.
Proposal 5 and 6 have been captured in the CR [5].
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