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For NB-IoT in Rel-14, SC-PTM is to be extended to support multicast services for e.g. software updates [1]:
Multicast:
· Extend Rel-13 SC-PTM to support multi-cast downlink transmission (e.g. firmware or software updates, group message delivery) for NB-IoT [RAN2 lead, RAN1, RAN4, RAN3] 
· Introduction of necessary enhancements to support narrowband operation, e.g. support of NPDCCH, and coverage enhancement, e.g. repetitions
In RAN2#95bis, it has been agreed that SC-MCCH is dynamically scheduled in NB-IoT:
Agreements:
· SC-MCCH for feMTC and NB-IoT is scheduled dynamically. 
· RAN2 assumes that direct Indication or similar mechanism (that provides information in DCI) can be used for SC-MCCH change notification. RNTI is FFS.

In RAN1#86bis, it has been agreed that Transmission of a given SC-MCCH is restricted on one NB-IoT carrier:
Agreements:
· Transmission of a given SC-MCCH is restricted to one NB-IoT carrier.
This contribution gives the analysis and proposed design of SC-MCCH change notification method, and discusses some more details for the SC-MCCH segmentation support.
SC-MCCH change notification
Basic method of SC-MCCH change notification
In Rel-13 SC-PTM, a dedicated DCI format (extended DCI format 1C) is used to indicate the change of configurations in SC-MCCH, and is transmitted in CSS with CRC scrambled by SC-N-RNTI. If this is reused in NB-IoT, it needs to introduce one new dedicated DCI format in NB-IoT and requires UE to detect two DCIs in the same search space with two different RNTIs (e.g. SC-RNTI and SC-N-RNTI), which introduces unnecessary detection overhead on NB-IoT UEs.
Observation 1: A mechanism that uses a dedicated DCI format to indicate the SC-MCCH change is not suitable for NB-IoT.
According to RAN2’s agreements, two options of SC-MCCH change notification are considered. The first option is to use one of the bits of the direct indication field in DCI format N2 to indicate SC-MCCH change on paging occasions, and another option is to use the DCI format which schedules SC-MCCH to also indicate SC-MCCH change.
Option 1: Use the direct indication field in DCI format N2 to indicate SC-MCCH change on paging occasions.
Option 2: Use the DCI format which schedules SC-MCCH to also indicate SC-MCCH change.
While using the direct indication to indicate SC-MCCH change as per option 1, actually the modification period of SC-MCCH is equivalently set to the DRX cycle configured in the system information. This will seriously decrease the flexibility of SC-PTM since the DRX cycle can be as large as 10.24 seconds. 
An NB-IoT UE may additionally be configured with a dedicated eDRX cycle by higher layers. During one eDRX cycle, UE monitors the paging occasions only within a PTW (Paging Time Window) which is also configured by higher layers and is no larger than the eDRX cycle. That means, if direct indication is used to indicate SC-MCCH change on paging occasions, UE cannot get any notification about the SC-MCCH change that happens outside the PTW during the eDRX cycle.
Figure 1 shows an example of the problem of missing SC-MCCH change for UE under option 1. The UE misses the SC-MCCH change 1, 2 and 3 since these changes happen when the UE has no paging occasions.
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Figure1: Example of the problem of missing SC-MCCH change for option 1
If we want to guarantee the Direct Indication in option 1 is timely, the modification period of SC-MCCH needs to be equal to or larger than the maximum eDRX cycle of UEs who are interested in corresponding multicast service. Since the eNB would have neither the interest information on which set of  UEs are interested in SC-PTM nor eDRX cycle of UEs in RRC_IDLE mode, eNB can only configure the modification period to the maximum eDRX cycle, 2.91 hours. In this case, the flexibility of modifying and deleting the scheduling of SC-MTCH is reduced.
If instead, the notification of SC-MCCH change is in the DCI format scheduling SC-MCCH, there are many more chances to inform the UE of changes. UE can monitor the search space of DCI scheduling the SC-MCCH at the beginning of the modification period of SC-MCCH to get the information of whether any new multicast sessions have been added or not. Option 2 shall keep the same flexibility on SC-MCCH information change as that in Rel-13 SC-PTM.
Furthermore, option 2 can be already supported by reusing the Rel-13 DCI formats. For example, the DCI format N1 can be reused to schedule SC-MCCH, and the new data indicator field can be reserved to be used to indicate SC-MCCH change. More considerations about the DCI formats for SC-PTM can be found in [2]. Option 2 simplifies RAN1 work and can minimize the DCI detection overhead on NB-IoT UEs.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: The DCI format scheduling SC-MCCH indicates the notification of SC-MCCH change.
Reduced UE effort on acquiring SC-MCCH 
In NB-IoT one multicast packet may be transmitted over dozens of minutes or even several hours due to the enhanced coverage requirement and the limited frequency resource. A whole SC-MTCH transmission may span over many MPs of SC-MCCH, and if Rel-13 UE behavior for SC-MTCH receiving is reused (see Appendix for information), UE shall monitor Type1-MSS and acquire SCPTMConfiguration message in SC-MCCH at the beginning of every MP while receiving the SC-MTCH.
However, this will produce many interruptions for UE who is receiving SC-MTCH, since NB-IoT UE cannot monitor search spaces for SC-MCCH and SC-MTCH simultaneously. Those interruptions will lead UE lose many SC-MTCH TBs and impact the transmission reliability of multicast packets without any feedback mechanism, as an example shows in Figure 2.
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Figure 2: Interruptions of SC-MTCH receiving due to acquiring SC-MCCH at the beginning of every MP
Observation 2: For UE receiving the SC-MTCH, the mechanism that UE acquires SCPTMConfiguration message by reading SC-MCCH at the beginning of every MP will decrease the transmission reliability of multicast packets carried on SC-MTCH.
The SC-MCCH configuration does not in practice change at the beginning of every MP. In most cases, an NB-IoT UE only receives one SC-MTCH at a time, and the UE is only interested in whether the configuration of its interested SC-MTCH has been changed or not. Also, a UE should be able to know whether some new SC-PTM session(s) are added or some finished session(s) are removed. 
In general, at least a UE does not need to re-acquire SCPTMConfiguration message by reading SC-MCCH at the beginning of a MP when: 
· The configurations in SC-MCCH have not been changed in this MP; or,
· The configurations in SC-MCCH have been changed in this MP, but the change is only regarding the configurations of other SC-MTCHs that the UE is not interested in.

To take advantage of this, the DCI format scheduling the SC-MTCH can include a field to indicate the change of SC-MCCH information. This indication can be set to ‘changed’ only when the configuration of its related SC-MTCH will be changed or removed. An example to illustrate the mechanism is as Figure 3 shows.
Proposal 2: The DCI format scheduling an NPDSCH of a SC-MTCH includes a field to indicate whether the configuration of the associated SC-MTCH will be changed or removed in the next MP.
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Figure3: Illustration of reduced UE effort on acquiring of SC-MCCH
Furthermore, a UE, who is receiving a multicast service via one SC-MTCH, also may be interested in some other multicast service. Hence, it would be useful to inform to the UE about new multicast session starts. To avoid the unnecessary interruptions for these UEs to acquire SCPTMConfiguration message by reading SC-MCCH at the beginning of every MP, in addition to proposal 2, it is proposed that the indicator field in the DCI format scheduling the SC-MTCH also includes another bit to indicate whether any new multicast sessions will start in the next MP.
Proposal 3: The indicator field in proposal 2 also includes one bit to indicate whether configurations of any new multicast sessions will be added in SC-MCCH in the next MP.
Figure 4 shows the benefit of the proposal 2 and 3. Compared with Figure 2 , it can be observed that the time duration of SC-MTCH interruptions is significantly reduced by avoiding unnecessary acquiring of SC-MCCH at the beginning of each MP.  
[bookmark: _GoBack][image: ]
Figure4: Benefit to use reduced UE effort on acquiring of SC-MCCH
When the DCI scheduling SC-MTCH indicates that the configuration of the SC-MTCH will be changed in the next MP, the UE needs to re-acquire SCPTMConfiguration and there are two alternatives for UE to read SC-MCCH in the next MP. 
· Alternative 1: UE acquires SC-MCCH by monitoring Type1-MSS search spaces in the first MP after the end of the associated DCI. 
· Alternative 2: UE acquires SC-MCCH by monitoring Type1-MSS search spaces in the first MP after the end of the corresponding NPDSCH of SC-MTCH scheduled by the associated DCI.

Both of the two alternatives are feasible, but the alternative 1 is preferred due to UE can acquire the SC-MCCH more promptly.
Proposal 4: When UE detects a SC-MTCH DCI indicates the UE needs to acquire SC-MCCH in the next MP, UE acquires SC-MCCH by monitoring Type1-MSS search spaces in the first MP after the end of the associated DCI. Otherwise, the UE continues monitoring the same Type2-MSS.
[bookmark: _Ref129681832]SC-MCCH segmentation support
RAN2 will have discussions on whether one or multiple SC-MCCHs are supported in NB-IoT SC-PTM. In this section, we focus on how to transmit NPDSCHs of a given SC-MCCH from RAN1 perspective.
Since the maximum TBS of NB-IoT DL is smaller than LTE, it is likely that a given SC-MCCH is carried over multiple TBs, in which case the UE needs to receive all the component TBs belonging to an SC-MCCH.
We assume in [2] that SC-PTM in NB-IoT will use one HARQ process. Therefore, UE can detect no more than one DCI during one search space period (G*Rmax ms). So each component TB of a SC-MCCH should be scheduled in an individual search space period. 
Proposal 5: For a given SC-MCCH, there should be at most one component TB scheduled during one period of  (ms) for Type1-MSS.
To be aligned with the RP definition of SC-MCCH in Rel-13 SC-PTM, one given SC-MCCH should be totally transmitted during a RP in NB-IoT.
Proposal 6: Re-use the Rel-13 principle that a given SC-MCCH is transmitted within a single repetition period.
Conclusion
In this contribution, a proposed mechanism of SC-MCCH change notification is provided. Details regarding SC-MCCH segmentation support are also discussed. The following observations and proposals are made:
Proposal 1: The DCI format scheduling SC-MCCH indicates the notification of SC-MCCH change.
Proposal 2: The DCI format scheduling an NPDSCH of a SC-MTCH includes a field to indicate whether the configuration of the associated SC-MTCH will be changed or removed in the next MP.
Proposal 3: The indicator field in proposal 2 also includes one bit to indicate whether configurations of any new multicast sessions will be added in SC-MCCH in the next MP.
Proposal 4: When UE detects a SC-MTCH DCI indicates the UE needs to acquire SC-MCCH in the next MP, UE acquires SC-MCCH by monitoring Type1-MSS search spaces in the first MP after the end of the associated DCI. Otherwise, the UE continues monitoring the same Type2-MSS.
Proposal 5: For a given SC-MCCH, there should be at most one component TB scheduled during one period of  (ms) for Type1-MSS.
Proposal 6: Re-use the Rel-13 principle that a given SC-MCCH is transmitted within a single repetition period.
Observation 1: A mechanism that uses a dedicated DCI format to indicate the SC-MCCH change is not suitable for NB-IoT.
Observation 2: For UE receiving the SC-MTCH, the mechanism that UE acquires SCPTMConfiguration message by reading SC-MCCH at the beginning of every MP will decrease the transmission reliability of multicast packets carried on SC-MTCH.
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Appendix
Related description of Rel-13 SC-PTM in TS 36.300:
[bookmark: _Toc462781169]15.3.5a	SC-MCCH structure
The following principles govern the SC-MCCH structure:
-	there is one SC-MCCH per cell;
-	the SC-MCCH is sent on DL-SCH;
-	the SC-MCCH provides the list of all MBMS services with ongoing sessions transmitted on SC-MTCH(s), including for each MBMS service TMGI and optional session ID, associated G-RNTI and scheduling information;
-	SC-MCCH is transmitted by RRC every SC-MCCH repetition period;
-	SC-MCCH uses a modification period;
-	A notification mechanism is used to announce changes of SC-MCCH due to Session Start:
-	The notification is sent in the first subframe in a repetition period where the SC-MCCH can be scheduled. The notification is sent using the DCI format 1C with SC-N-RNTI and one bit within the 8-bit bitmap;
-	When the UE receives a notification, it acquires the SC-MCCH in the same subframe;
-	The UE detects changes to SC-MCCH which are not announced by the notification mechanism by SC-MCCH monitoring at the modification period.

Related description of Rel-13 SC-PTM in TS 36.331:
[bookmark: _Toc463008046]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>	start acquiring the SCPTMConfiguration message from the subframe where the change notification was received;
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.
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