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Discussion and decision
1 Introduction
A new WI was agreed in RP#72 meeting to support the SC-PTM for the multicast transmission in NB-IOT [1]. In the RAN2#96 meeting [2], followings agreements were made.
-
RAN-level stop indication is supported for SC-PTM service in NB-IoT and FeMTC. Mechanism FFS.

-
For feMTC, for UE in enhanced coverage, and for NB-IoT, an offset to SC-PTM cells in ranking based cell reselection is used if SC-PTM cell exists and UE is receiving or interested to receive an MBMS service FFS how the UE acquires the offset.(Note: this is an issue about mobility)

In this document, we discuss the above mentioned FFS and solutions in details.

2 Discussion
RAN level stop mechanism

When a service in SC-PTM ends in the current SC-MCCH modification period (MP), UE will still be using the current SC-MCCH configuration until the start of the next modification period (MP) where UE acquires updated SC-MCCH. Unlike legacy MBMS multicast in LTE, in SC-PTM there is no mechanism for eNB to tell the UE that there is no more SC-MTCH scheduling. For this purpose, it is decided in the RAN2#96 meeting that a RAN level stop mechanism is introduced so that UE can save power by stopping monitoring the control channel until the start of the next MP.
Note that, if the SC-MTCH is stopped close to the start of the next modification period, there is no gain of using such stop mechanism as UE has to acquire the SC-MCCH soon. Therefore, it is very important that the RAN level stop mechanism itself needs to be power efficient. 
Observation 1 RAN level stop mechanism needs to be power efficient without adding complexity to UE.

Following two methods can be considered as solutions to the SC-PTM stop mechanism.
Option 1 An indicator bit: In this option, 1 bit indicator is introduced in the DCI in the PDCCH scheduling last SC-MTCH PDU or 1 reserved bit is used as indicator in the MAC subheader of the last SC-MTCH PDU. Network will not schedule any new SC-MTCH in the current MP if the indicator bit is set.
Option 2: MAC CE: In this option, a new logical channel needs to be defined for a new MAC CE which contains the time (SFN and/or H-SFN) when SC-PTM stops. Network can schedule the SC-MTCH with this MAC CE at any time.
A quick comparison between the two options is shown in the table 1 below. It shows that MAC CE is costly from UE perspective. It is because MAC CE increases the packet overhead (at least by 3 bytes) which seems counter-intuitive in terms of power saving as it may lead to more segments for transmissions. It is also more counter-intuitive if the SC-PTM actually stops close to the start of the next MP. Also, in SC-PTM, the SC-MTCH is not allowed to be multiplexed with any other logical channels except for padding [ref: table 6.2.1-1 of TS 36.321]. The introduction of MAC CE also adds complexity to UE in eNB-IoT and FeMTC for multiplexing the SC-PTM multicast traffic with the MAC CE. 

Table 1 Comparison between option 1 and option 2

	
	Option 1 (Indicator bit)
	Option2 (MAC CE)

	Packet overhead
	No
	High

	UE complexity
	Minimum
	High

	Reliability improvement
	Low (can be improved simply by repetitions)
	High (no additional repetition is required for reliability)


In regards to reliability, MAC CE has high reliability as it can be transmitted multiple times with SC-MTCH PDU since the start of the SC-PTM session. However, network can always schedule the repetitions of the indicator in DCI or SC-MTCH additionally. There is no impact in terms of power consumption to UE as it stops monitoring the control channel if the original transmission is successfully received.
Proposal 1. Indicator bit for the SC-PTM stop mechanism is preferable than MAC CE mechanism to UE.

Single bit indicator

In a single bit indicator option for the SC-PTM stop mechanism, either a bit in the DCI in the PDCCH scheduling the SC-MTCH can be used or a bit the MAC header of the SC-MTCH MAC PDU can be used. In the either case, network cannot schedule any new SC-MTCH but the repetitions for the SC-PTM session once the indicator bit is set.
In the RAN2#96 meeting [2], it was decided that additional 2 bits are introduced in the DCI in the PDCCH scheduling the SC-MTCH. The one bit is used to indicate if any configuration is changed in the next MP and the other bit is used if any new service is due to start in the next MP. Therefore, it is not preferred to introduce another bit for this purpose at least in Rel-14 since it requires input from other working group.

Observation 2 A bit indicator in DCI in PDCCH scheduling the SC-MTCH is not preferred for the SC-PTM stop mechanism as it requires input from RAN1.

In the other option, a reserved bit in the MAC subheader of the SC-MTCH MAC PDU can be used for the purpose of the SC-PTM stop. The logical channel ID used for SC-MTCH in the channel DL-SCH is 11001 as indicated in the table 6.2.1-1 of TS 36.321. It also indicates that this logical channel is not multiplexed with other logical channel except padding. The MAC subheader for the SC-MTCH SDU is shown in the figure 1 below. Whichever MAC subheader is used, there is always a single bit “R” field which is unused. For SC-PTM (for only LCID 11001), the “R” field can be used as an indicator such that “R = 0” indicates there are more SC-MTCH to be scheduled and “R = 1” indicates that there are no more SC-MTCH to be scheduled. The use of reserved bit in the MAC subheader is simple and it works as MAC CE without incurring any overhead and multiplexing complexity to UE.
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Figure 1 R/F2/E/LCID MAC subheader [TS 36.321 Figure 6.1.2-2] 
Observation 3 The use of reserved bit in the MAC subheader is simple and it works as MAC CE without incurring any overhead and multiplexing complexity to UE.
Proposal 2. A reserved bit in the MAC sub-header for SC-MTCH is used as the SC-PTM stop indicator.
Reliability of the indicator

In the option of bit indicator for SC-PTM stop mechanism, the indication has to be carried by the last scheduled SC-MTCH. If UE misses the last scheduled SC-MTCH, it will have no idea of the SC-PTM stop time. The solution of this issue is dependent on the network implementation. The network can schedule duplications of SC-MTCH carrying the stop indication if time permits in the current MP. Those UEs who miss the SC-MTCH anyway have to keep monitoring the DCI in PDCCH for another scheduling of the SC-MTCH. Those UEs who receive the indication in the SC-MTCH can stop monitoring the control channel. It is up to network implementation for how often the stop indication is repeatedly scheduled.
Proposal 3. It is left to network implementation for how often the SC-PTM stop indication is repeatedly scheduled.

It may be possible that UE receives false indication due to packet corruption. In this case, it is left up to UE implementation to make judgement that if it is too early to end the SC-PTM service based on the USD of the service or detect that the packet has been corrupted. Note that UE receives the USD before starting the MBMS service and has information of the SC-PTM start and end times. In this case, UE may continue monitoring the control channel for any further schedule of SC-MTCH because network will be repeating the stop indication if it was not the false indication.

Proposal 4. It is left to UE implementation whether to receive the repetition of the SC-PTM stop indication.
Offset acquisition for cell ranking based cell reselection

In the RAN2#96 meeting, it was decided that an offset needs to be added to the SC-PTM cells while performing ranking based cell reselection by the UEs in NB-IoT and UEs in EC in FeMTC. The purpose of adding the offset to the SC-PTM cell is that UE interested to receive MBMS service has higher priority to reselect the cell which provides the SC-PTM service. To perform the ranking based reselection, UE needs to have the prior knowledge of the offset values and frequencies at which cells provide the SC-PTM services.
It is already agreed in the RAN2 # 97 meeting that UEs in EC and NB-IoT UEs perform only ranking based cell reselection. A neighbour cell which supports SC-PTM may be operating in intra or inter frequencies therefore the offset value per cell needs to be defined so that a SC-PTM neighbour cell regardless of operating frequency can be reselected.
For the very first time, when a UE is camping on a cell which does not provide the MBMS service and has no prior knowledge of the frequencies at which cells provide the service, it cannot receive the MBMS service. In this case, UE has to acquire the SIB15 which is broadcast by both MBMS and non-MBMS cells. Since SC-PTM is not supported in connected mode in eNB-IoT and FeMTC, for UEs in connected mode, network may not schedule service description (USD) which also provides the frequency information for cells providing the MBMS service.

Therefore, it is also important that UE acquires the value of offset via system information broadcast. SIB2 to SIB5 can also be used for this purpose. However, these SIBs are common to all UEs. In this case, SIB15 is preferred because it is possible that cell specific offset values can be acquired via SIB15 by only the UEs who are interested to receive SC-PTM services. 
Proposal 5. Cell specific offset values could be broadcast in SIB15 for each SC-PTM cell in the neighbour cell list of a frequency for the ranking based cell reselection.

3 Summary 
Based on the discussion above, following observations are made.
Observation 1 RAN level stop mechanism needs to be power efficient without adding complexity to UE.
Observation 2 A bit indicator in DCI in PDCCH scheduling the SC-MTCH is not preferred for the SC-PTM stop mechanism as it requires input from RAN1.
Observation 3 The use of reserved bit in the MAC subheader is simple and it works as MAC CE without incurring any overhead and multiplexing complexity to UE.

Based on the observations, following proposals are made.
Proposal 1.
Indicator bit for the SC-PTM stop mechanism is preferable than MAC CE mechanism to UE.
Proposal 2.
A reserved bit in the MAC sub-header for SC-MTCH is used as the SC-PTM stop indicator.
Proposal 3.
It is left to network implementation for how often the SC-PTM stop indication is repeatedly scheduled.
Proposal 4.
It is left to UE implementation whether to receive the repetition of the SC-PTM stop indication.
Proposal 5.
Cell specific offset values could be broadcast in SIB15 for each SC-PTM cell in the neighbour cell list of a frequency for the ranking based cell reselection.
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