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1. Introduction
On RAN#72 meeting, a new work item named Enhancements of Narrow Band IoT (NB-IoT) was approved[1]. One of the main objectives is to extend the Rel-13 SC-PTM to support downlink transmission as indicated as below.
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

Considering one of the main characteristics for NB-IoT system is power efficiency, in this contribution, we will discuss some enhancements in the change notification mechanism to improve the power efficiency.
2. Discussion 
2.1. Change notification procedure in Rel-13 
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Figure 1. change notification procedure
In Rel-13 SC-PTM, in order to monitor upcoming multicast service and detect the SC-MCCH in more efficient way, change notification mechanism is applied. In the mechanism, change notification can be scheduled in the same subframe as the SC-MCCH and UEs can try to detect the change notification message during each SC-MCCH modification period. If change notification message is detected, it means new multicast service is coming and then UEs will decode the SC-MCCH from the subframe where the change notification was received to obtain corresponding multicast control information. Otherwise, UE will skip decoding the SC-MCCH since there is no new multicast service. The procedure is illustrated in figure 1.
2.2. Enhancement of change notification procedure for Rel-14 NB-IoT
Although the change notification mechanism could save the UE power consumption to some extent, some unnecessary SC-MCCH decoding still exist. It is likely that lots of group messages may be delivered in certain period and only some services are of UE’s interest, but UE will wake up for each triggered change notification. It seems to be unnecessary because not all change notifications are triggered by service(s) of UE’s interest. Decoding unnecessary SC-MCCH would incur power wastage, which is not desirable for NB-IoT UEs. Furthermore, the situation of power wastage would become even worse in NB-IoT system.  To transmit a large SC-MCCH packet, which contains control information of ongoing and upcoming multicast services, a relatively long time duration is requisite due to narrow band and repetition characteristics of data transmission in NB-IoT system as shown in figure 2.
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Figure 2. SC-MCCH transmission time length
To prevent the unnecessary SC-MCCH decoding, more exact change notification mechanism will benefit. Here, two alternatives are given below:
Alt. 1:  Notify upcoming service(s) in group manner in NPDCCH
In Rel-13 SC-PTM, 1 bit in change notification will announce upcoming service(s) of all types, this is the reason why UEs may experience high possibility of decoding SC-MCCH in vain. To reduce the possibility of decoding SC-MCCH in vain, we could consider dividing all the possible service types into groups and utilizing more bits in change notification message to notify the group(s) in which the upcoming service(s) is included. 
UE will still monitor the change notification periodically. Upon decoding of a triggered change notification, UE will judge if in change notification announced group(s) includes service of interest for the UE. If the announced group(s) includes service of interest, UE will decode SC-MCCH, otherwise not. This procedure is illustrated in figure 3. 
[image: image3.emf]t

Change notification

SC-MCCH

UE decodes SC-MCCH only if 

announced service group(s) 

includes service of interest for 

the UE

SC-MCCH repetition period

Upcoming multicast service

Announce service group(s) 

containing upcoming service(s)


Figure 3. upcoming service notification in group manner
Alt. 2:  Inform upcoming service(s) by more exact notification in NPDSCH
More exact notification method can be realized by directly informing a TMGI list including TMGI(s) of upcoming service(s), the list is transmitted in NPDSCH before SC-MCCH and scheduled by DCI scrambled by a predefined RNTI.
UE will monitor the DCI periodically, the period is predefined. Upon detecting and decoding a DCI scrambled by the predefined RNTI, UE will decode the TMGI list firstly, if the TMGI list includes service of interest for the UE, the UE will further decode SC-MCCH, otherwise not as illustrated in figure 4.
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Figure 4. exact upcoming service notification

Proposal 1: Enhance the change notification procedure for more power efficiency.
3. Conclusion
In this contribution, we have discussed power efficiency improvement in SC-PTM. Based on the discussion, we propose:
Proposal 1: Enhance the change notification procedure for more power efficiency. 
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