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1. Introduction 
RAN2#96 concluded for Direct Indication of SC-MCCH change notification to use 1-bit in DCI scrambled with SC-RNTI for SC-MCCH change notification and further agreed to introduce a couple of 1-bit indications in DCI scrambled with G-RNTI, as follows [1]; 

SC-MCCH change notification (For UEs interested in the new Session Start): 

	· For eNB-IoT and feMTC: Use 1 bit in the DCI in PDCCH for SC-MCCH scheduling, and SC-RNTI is used.


SC-MCCH change notification (For UEs with on-going service): 

	· For eNB-IoT and feMTC: Use 1 bit in DCI in PDCCH for SC-MTCH scheduling to indicate whether the configuration of the SC-MTCH will be changed in next MP.
· For eNB-IoT and feMTC: Use 1 additional bit in DCI in PDCCH for SC-MTCH scheduling to indicate whether the new services are due to start in next MP. For the UE who has on-going service and is interested in detection of other new session starts. 

· We ask RAN1 if 2 bits is ok. If only 1 bit can be accommodated we use 1 bit. 


In this contribution, the potential issues in UE behaviours with these Direct Indications and the necessary of suspension/resumption mechanism are discussed. 

2. Discussion 

2.1. Direct Indications for SC-MCCH change notification 
RAN2 agreed three Direct indications below [1]; 
· “For eNB-IoT and feMTC: Use 1 bit in the DCI in PDCCH for SC-MCCH scheduling, and SC-RNTI is used”; 

· “For eNB-IoT and feMTC: Use 1 bit in DCI in PDCCH for SC-MTCH scheduling to indicate whether the configuration of the SC-MTCH will be changed in next MP”, and; 

· “For eNB-IoT and feMTC: Use 1 additional bit in DCI in PDCCH for SC-MTCH scheduling to indicate whether the new services are due to start in next MP. For the UE who has on-going service and is interested in detection of other new session starts.” 
In the following sections, the clarifications and issues in these indications are identified. 

2.1.1. 1-bit indication in DCI scrambled with SC-RNTI 
The first Direct Indication in PDCCH scrambled with SC-RNTI is the same functionality with the existing SC-MCCH change notification which is currently indicated in PDCCH scrambled with SC-N-RNTI [2]. It’s mainly expected to be provided before a new MBMS session start (i.e., the UE does not receive any SC-PTM), according to the context of agreed way forward [3].  It may be assumed that the eNB always sends this Direct Indication whenever SC-MCCH will be changed at the next SC-MCCH modification boundary, i.e., regardless of whether it already provide a MBMS session, as illustrated in Figure 1. 
Additionally, the current specification defines that the UE starts SC-MCCH acquisition in the same subframe where SC-MCCH change notification is received, while the change of SC-MCCH only occurs at the SC-MCCH modification boundary [4]; 
	5.8a.1.3
SC-MCCH information validity and notification of changes

Change of SC-MCCH information only occurs at specific radio frames, i.e. the concept of a modification period is used. Within a modification period, the same SC-MCCH information may be transmitted a number of times, as defined by its scheduling (which is based on a repetition period). The modification period boundaries are defined by SFN values for which SFN mod m= 0, where m is the number of radio frames comprising the modification period. The modification period is configured by means of SystemInformationBlockType20.

When the network changes (some of) the SC-MCCH information, it notifies the UEs about the change in the first subframe which can be used for SC-MCCH transmission in a repetition period. LSB bit in 8-bit bitmap when set to '1' indicates the change in SC-MCCH. Upon receiving a change notification, a UE interested to receive MBMS services transmitted using SC-PTM acquires the new SC-MCCH information starting from the same subframe. The UE applies the previously acquired SC-MCCH information until the UE acquires the new SC-MCCH information.


Note: This UE behaviour related to SC-MCCH change notification (highlighted in yellow) is different from one of MCCH acquisition for MBSFN and a couple of additional Direct Indications which were recently agreed for SC-PTM [1] discussed in the following sections, i.e., in terms of the same or the next modification boundary. 

Confirmation 1 The eNB always notifies by the first Direct Indication in PDCCH with SC-RNTI whenever SC-MCCH is changed for any new MBMS sessions and from this SC-MCCH modification period. 
If Confirmation 1 makes sense, the dashed “Notify” in Figure 1 will not be there since the first Direct Indication notifies the SC-MCCH change not at the next but in this modification period. The UE needs to start decoding SC-MCCH on PDSCH immediately, if it receives the first Direct Indication in PDCCH scrambled with SC-RNTI. 
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Figure 1
 1-bit in PDCCH with SC-RNTI (SC-MCCH change notification)
2.1.2. 1-bit indication in DCI scrambled with G-RNTI for this service 
The second Direct Indication in PDCCH scrambled with G-RNTI is considered as some sort of “TMGI-specific SC-MCCH change notification (of this G-RNTI)”, which is intended for UEs receiving an on-going MBMS session as depicted in Figure 2, according to the context of agreed way forward [4].  Since only on-going MBMS sessions have SC-MTCH transmissions, it could be assumed that the eNB only sends this Direct Indication for on-going MBMS sessions. In other words, the eNB does not need to provide this for the MBMS session which has not yet started. 
Confirmation 2 The second Direct Indication in PDCCH for this TMGI is not used to notify the change of SC-MCCH for any new MBMS session. 
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Figure 2
 1-bit in PDCCH with G-RNTI (“TMGI-specific” SC-MCCH change notification)

2.1.3. 1-bit indication in DCI scrambled with G-RNTI for other services 
The third Direct Indication in PDCCH scrambled with G-RNTI may be assumed as either SC-MCCH change notification (of the other G-RNTI) or some sort of SC-MTCH start notification, while it’s somewhat unclear from the agreement, although the current running CR assumes it’s one of SC-MCCH change notifications [6]. It also targets at UEs receiving an on-going MBMS session but interested in the other new MBMS session as shown in Figure 3, according to the context of agreed way forward [4].  RAN2 should clarify the meaning of the third Direct Indication first. 

Proposal 1 RAN2 should clarify whether the third Direct Indication in PDCCH for the other new MBMS session start is a kind of SC-MCCH change notification or SC-MTCH start notification. 
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Figure 3
 Another 1-bit in PDCCH with G-RNTI (i.e., notification for new session start)

2.1.3.1. Issue with multiple MBMS session starts
While the third Direct Indication works well when only one new MBMS session starts at the same time, it is unclear what happens when there are two or more new MBMS sessions that are about to start. It may be assumed that this third Direct Indication with only 1 bit cannot distinguish two new sessions from the UE’s perspective, even if one of them is not actually started at the next SC-MCCH modification boundary. 
Observation 1 With the 1-bit indication in PDCCH scrambled with G-RNTI, the UE cannot distinguish which of the new MBMS sessions will start at the next SC-MCCH modification boundary, if more than one MBMS sessions are about to start. 
For example, the UE will likely check SC-MCCH when the UE is only interested in one of the new MBMS sessions and the third Direct Indication for the other MBMS service is received before the MBMS session starts according to USD [2], and the UE is back to the on-going SC-MTCH reception since there is no configuration change for the MBMS session of interest in SC-MCCH (since the third Direct Indication was meant for another MBMS service that the UE is not interested in, as illustrated in Figure 4).  But the check of SC-MCCH may interrupt SC-MTCH reception, esp. for eNB-IoT UEs, which is not consistent with the motivation to introduce this Direct Indication, i.e., to solve the problem that “The SC-MTCH for the UE who has on-going service will be interrupted by SC-MCCH reception at each MP” [4].  So, RAN2 should discuss how to resolve the problem when the eNB wants to start two or more of new MBMS sessions, e.g., a limitation in number of new MBMS session starts (i.e., only one at the same time) or some enhancements to notify that a TMGI is about start. 
Proposal 2 RAN2 should discuss how the interruption of SC-MTCH reception can be resolved due to SC-MCCH monitoring, when the UE is only interested in one of the multiple new MBMS services that will be started in the next SC-MCCH modification period. 
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Figure 4
 Confusable scenario with start of a couple of new MBMS sessions
2.2. UE behaviour without Direct Indication at MBMS session start 
2.2.1. Problem description 
As another scenario, it may also be the case that the UE anticipates when the MBMS service of interest will likely start (according to the “start” information in USD [2]), but the NW may decide not to provide the MBMS service over SC-PTM as RAN’s responsibility [2][7], i.e., none of the three Direct Indications are provided. In this case, the UE needs to receive the MBMS service over unicast. 
Observation 2 The UE needs to establish RRC connection to receive the MBMS service of interest via unicast if the NW decides not to provide the corresponding service via SC-PTM.
If the UE does not know whether the corresponding SC-PTM will ever be provided or if it will just be delayed it is difficult for the UE to decide if and when it needs to obtain the service through Unicast, This was not an issue in Rel-13 since streaming service was the main application assumed [8], but the file delivery service is the intension for Rel-14 [9]

 REF _Ref473549585 \w \h 
[10].  In Rel-13, the UE may learn from SIB15 which frequency provides the MBMS service of interest via SC-PTM, and from SC-MCCH which cell provides the SC-PTM of interest [4]. In other words, the UE may notice the NW does not currently provide the SC-PTM of interest when neither SIB15 nor SC-MCCH includes the corresponding TMGI. Together these two indications provide adequate intelligence for reception of the streaming services and the UE can immediately establishes Unicast to acquire the MBMS service of interest, i.e., for service continuity.  The question is whether this can be directly applicable to file delivery service in Rel-14. One should keep in mind that the two indications described above don’t tell the UE whether the service will be provided by the NW via SC-PTM in the near future.  So, it’s unclear when the UE determines to initiate RRC Connection Request, to receive the MBMS service of interest.  
Observation 3 Since there is no requirement that the eNB cannot delay broadcasting the service of interest at a future time, the UE cannot determine whether the service of interest will be provided via SC-PTM just because it is not currently indicated in SIB15 and SC-MCCH. 
Subsequently, the expected UE behaviour may be obvious that the UE should stay in IDLE and wait for SC-PTM to start, as long as the NW will eventually provide the MBMS service of UE’s interest via multicast. Although the UE may transition to Connected to acquire the MBMS service via Unicast, it’s unclear how long the UE should stay in IDLE before establishing connection to receive the MBMS service of interest via Unicast. 
Observation 4 It is unclear how long the UE should stay in RRC_IDLE before establishing connection to receive the MBMS service of interest via Unicast. 
Proposal 3 RAN2 should discuss when the UE is allowed to acquire the　MBMS　service　of　interest　via　Unicast,　in　case　that　the　NW　has　not　provided　SC-PTM　for　this　service. 
2.2.2. Possible solutions 
The following two alternatives may be considered which could allow the UE to determine when to initiate RRC Connection Request for reception of the MBMS service via unicast: 
· Alternative 1: Leave it up to UE implementation; e.g., waiting for SC-PTM up to a delay threshold defined by the upper layer. 
· Alternative 2: Based on additional RAN assistance information; e.g., a broadcasted list of MBMS services which will not be provided via SC-PTM. 
Alternative 1 is the simplest and works if the UE’s power consumption for reception of the MBMS service via SC-PTM is assumed to be less than that for Unicast, even if we assume the UE performs repeated checking of SC-PTM service up to the upper-layer defined delay threshold. However, it may result in unnecessary latency of reception, although the service would be considered as delay tolerant, e.g., firmware download.  
Alternative 2 is a controllable mechanism from the NW’s perspective, and it may balance the performance between the reception delay and NW congestion due to many connection requests at the end of allowable latency of the MBMS service. Also, it will minimize the UE’s power consumption due to unnecessary wake-up for SC-PTM check if the UE eventually needs to use Unicast, as observed in Alternative 1 above. The reason for Alternative 2 to only include the MBMS services that would not be provided by SC-PTM is that it should be more of an exception when these scheduled services are not provided over SC-PTM, so the NW will not need to broadcast this information if it is not needed. However, Alternative 2 needs additional standardization efforts, and it’s unclear how RAN knows when any MBMS services (e.g., in USD) will start.  Unlike Rel-13 SC-PTM which is geared towards group communications with services coordinated with GCS AS [8], there is no mechanism suitable for counting for Rel-14 SC-PTM. Even without counting, in case the NW is congested, the eNB may refrain from broadcasting SC-PTM for some time since the service isn't considered time critical.  But since the NW would also not want many UEs to perform RRC connection requests to try and receive the service via Unicast, Alternative 2 would be a good mechanism to prevent the UEs from making such requests.
Although there are pros and cons between the alternatives, Alternative 2 is preferable to avoid the UE’s power consumption and the NW congestion, considering the battery sensitive applications and massive number of devices (i.e., mMTC).  
Proposal 4 The NW should inform the UE over broadcast a list of scheduled MBMS services that will not be provided via SC-PTM. 
2.3. SC-MTCH suspension/resumption mechanism 
In addition to the consideration at MBMS session start as discussed above, the case of the on-going MBMS session would be also considered.  The firmware download may need a longer duration before it’s completed. For example, it may be assumed that the DL throughput of NB-IoT is 50kbps [14], which may be reduced by repetitions (with 64 in this example), and assuming the file size of the firmware is 1MB, the firmware download session may last for about 2.8 hours.  In such a longer duration the NW may experience congestion, and once it happens the NW may need to decide to temporally suspend SC-PTM transmissions, e.g., when other Unicast services need to be prioritized. 
Observation 5 The SC-PTM transmission for an on-going MBMS session may be temporarily suspended due to congestion, esp. if the session lasts for a long duration. 
During the suspension period, the UE needs to continue monitoring SC-MTCH at least up to the next SC-MCCH modification boundary, i.e., since the corresponding configuration in SC-MCCH has neither changed nor removed before the next modification boundary. In other words, the UE’s battery is still consumed even when the on-going SC-PTM of interest is suspended. To avoid unnecessary power consumption, the UE should be informed when an MBMS session is suspended by the NW. 
Observation 6 The UE needs to continue monitoring SC-MTCH even if the corresponding SC-PTM transmission is already suspended. 
A similar but not the same mechanism is available in the existing specification, i.e., the “S” field in Extended MCH Scheduling Information MAC CE [11]. The “S” field, which is used in a part of MBMS Service Suspension and Resumption Function, informs the UE of “whether the transmission of an MTCH is to be suspended by the eNode B” and “When a suspended MBMS service is resumed, the eNB shall enable the transmission from the beginning of the Modification Period indicated by the MCCH Update Time” [2], wherein the MCCH Update Time is equal to the MCCH modification period [4]. 
Observation 7 For MBSFN transmission, the suspension/resumption mechanism is available today. 
The current “S” field tells the UE that the on-going service will be the suspended in the near future, which is enough for streaming services assumed for MBSFN. However, the file delivery service assumed in Rel-14 requires a tighter synchronization between the eNB and the UE in terms of the suspension and resumption, since it will cause the unicast file recovery even if one FLUTE block is missed [12]
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[13]. So, the eNB will need to inform the UE of the exact timing of the suspension, e.g, defined with SFN, H-SFN, this SC-MTCH transmission, the next SC-MCCH modification boundary, e.g., in DCI or MAC CE. 
Note that the NW may decide the suspension rather immediately, since it may be too late to wait for the next SC-MCCH modification period depending on the configuration. 
Proposal 5 RAN2 should agree that the UE should be informed of when the SC-PTM transmission for an on-going MBMS session will be suspended. 
If Proposal 5 is agreeable, the expected UE behaviour during the suspension period is obviously to wait for the resumption of the SC-PTM, i.e., for the UE to stay in IDLE similar to the discussion in Observation 4 of the previous section. It prevents massive RRC Connection requests for reception of the MBMS service via Unicast when the NW suspends SC-PTM transmissions. It will become worse if the suspension is performed under NW congestion. So, the UE behaviour during the suspension should be specified. However, it should take into account the delay requirement in the upper layer. 

Proposal 6 If the suspension of SC-MTCH is agreeable, RAN2 should also agree that while the SC-PTM is suspended the UE is not allowed to acquire the MBMS of interest via Unicast, as long as the delay requirement of the service is fulfilled. 
In addition, the suspension for this SC-MTCH is continuously indicated with additional 1-bit in DCI or additional configuration in SC-MCCH.  Alternatively, it may be considered to reuse the list of the scheduled MBMS services that will not be provided via SC-PTM, i.e., Proposal 4.  With either information, the UE may always determine to wait for the resumption of the SC-PTM, if it’s just suspended (i.e., not stopped). 
Proposal 7 If the suspension of SC-MTCH is agreeable, RAN2 should further agree that the suspension indication is continuously broadcasted during the suspension period e.g., in DCI or SC-MCCH, in order to prevent the UE to initiate RRC Connection Request for acquiring the MBMS of interest via Unicast. 
If the suspension of SC-MTCH is introduced, the resumption of this SC-MTCH is also necessary. In the existing mechanism [2], MBSFN transmission is resumed at occasions based on the MCCH modification boundary, wherein the modification periods were rf512 and rf1024 [4]. The UE may check whether it’s still suspended or resumed, by only monitoring either the MCCH change notification or the first MBSFN subframe after the MCCH modification boundary.  
Observation 8 In the current resumption mechanism for MBSFN, the resumption may be allowed at the occasions associated with MCCH modification boundary. 
However, in Rel-14 SC-PTM it was agreed as the baseline to extend SC-MCCH modification period up to the maximum cycle of eDRX [1], i.e., 2.91 hours. In case the NW’s congestion is mitigated, and the NW wants to resume SC-PTM transmission soon the resumption cannot occur until after the next modification boundary and possibly up to about 2.91 hours if the congestion is mitigated towards the beginning to the current SC-MCCH modification period.

Observation 9 The resumption of SC-MTCH may be delayed up to 2.91 hours if the resumption of SC-PTM transmission can only occur on occasions after the next SC-MCCH modification boundary. 
As another possibility, it may be considered if new opportunities for the resumption of service can be defined even during a SC-MCCH modification period, e.g., a resumption boundary. At the resumption boundary, the eNB may indicate whether the SC-PTM is still suspended or resumed, independent from SC-MCCH modification period. The resumption boundary is assumed to be indicated by the eNB, e.g., via SC-MCCH, MAC CE or DCI (with a hard-coded mapping table).  However, the UE needs to check it at least once in each resumption boundary. So, it’s worth discussing whether such a resumption boundary should be supported. 
Proposal 8 RAN2 should discuss whether the resumption of a suspended SC-PTM can only occur after the next SC-MCCH modification boundary (implicitly) or at a resumption boundary indicated by the eNB (explicitly). 
2.4. Timeline of overall procedure 
An example of timeline for an MBMS file delivery service is provided in Figure 5, which only uses the SC-MCCH change notification with SC-RNTI (i.e., the first Direct Indication in [1]) just for simplicity. The figure also integrates the start/stop information provided in USD [2] and RAN-level stop indication agreed in the last meeting [1]. Additionally, it tentatively captures the SC-MTCH suspension/resumption mechanism discussed in section 2.3. 
In Figure 5, SC-MCCH transmission is started from the same SC-MCCH modification boundary that SC-MCCH change notification is provided (refer to the green arrows), according to the current specification [4].  Subsequently, SC-MTCH transmission is started after the next modification boundary (refer to the blue arrows), which provides the most robust transmission timeline since it’s unpredictable when all UEs will have completed the acquisition of the changed SC-MCCH and it’s not preferable that some UEs fail to receive some packets in the file delivery session (i.e., not streaming session). 

In this case, if the SC-MCCH modification period is configured with the extended value, e.g., 2.91 hours [1], the SC-MCCH transmission may be significantly delayed comparing to the MBMS session start time (defined in USD). This delay may be avoidable, if the NW is allowed by implementation to send SC-MCCH change notification one modification period earlier.  However, it’s necessary to confirm RAN2’s common understanding of the timeline. 
Proposal 9 RAN2 should clarify whether SC-MTCH transmission is started at the next SC-MCCH modification boundary after SC-MCCH change is indicated. 
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Figure 5
 Example of overall procedure for MBMS file delivery service (from RAN’s perspective)
3. Conclusion 
In this contribution, the remaining issues in SC-MCCH change notifications for FeMTC/eNB-IoT multicast enhancements are identified. The necessity of SC-MTCH suspension and resumption mechanism is also discussed.  RAN2 is kindly asked to take into account the confirmations, observations and proposals below: 
Confirmation 1
The eNB always notifies by the first Direct Indication in PDCCH with SC-RNTI whenever SC-MCCH is changed for any new MBMS sessions and from this SC-MCCH modification period.
Confirmation 2
The second Direct Indication in PDCCH for this TMGI is not used to notify the change of SC-MCCH for any new MBMS session.
Proposal 1
RAN2 should clarify whether the third Direct Indication in PDCCH for the other new MBMS session start is a kind of SC-MCCH change notification or SC-MTCH start notification.
Observation 1
With the 1-bit indication in PDCCH scrambled with G-RNTI, the UE cannot distinguish which of the new MBMS sessions will start at the next SC-MCCH modification boundary, if more than one MBMS sessions are about to start.
Proposal 2
RAN2 should discuss how the interruption of SC-MTCH reception can be resolved due to SC-MCCH monitoring, when the UE is only interested in one of the multiple new MBMS services that will be started in the next SC-MCCH modification period.
Observation 2
The UE needs to establish RRC connection to receive the MBMS service of interest via unicast if the NW decides not to provide the corresponding service via SC-PTM.
Observation 3
Since there is no requirement that the eNB cannot delay broadcasting the service of interest at a future time, the UE cannot determine whether the service of interest will be provided via SC-PTM just because it is not currently indicated in SIB15 and SC-MCCH.
Observation 4
It is unclear how long the UE should stay in RRC_IDLE before establishing connection to receive the MBMS service of interest via Unicast.
Proposal 3
RAN2 should discuss when the UE is allowed to acquire the　MBMS　service　of　interest　via　Unicast,　in　case　that　the　NW　has　not　provided　SC-PTM　for　this　service.
Proposal 4
The NW should inform the UE over broadcast a list of scheduled MBMS services that will not be provided via SC-PTM.
Observation 5
The SC-PTM transmission for an on-going MBMS session may be temporarily suspended due to congestion, esp. if the session lasts for a long duration.
Observation 6
The UE needs to continue monitoring SC-MTCH even if the corresponding SC-PTM transmission is already suspended.
Observation 7
For MBSFN transmission, the suspension/resumption mechanism is available today.
Proposal 5
RAN2 should agree that the UE should be informed of when the SC-PTM transmission for an on-going MBMS session will be suspended.
Proposal 6
If the suspension of SC-MTCH is agreeable, RAN2 should also agree that while the SC-PTM is suspended the UE is not allowed to acquire the MBMS of interest via Unicast, as long as the delay requirement of the service is fulfilled.
Proposal 7
If the suspension of SC-MTCH is agreeable, RAN2 should further agree that the suspension indication is continuously broadcasted during the suspension period e.g., in DCI or SC-MCCH, in order to prevent the UE to initiate RRC Connection Request for acquiring the MBMS of interest via Unicast.
Observation 8
In the current resumption mechanism for MBSFN, the resumption may be allowed at the occasions associated with MCCH modification boundary.
Observation 9
The resumption of SC-MTCH may be delayed up to 2.91 hours if the resumption of SC-PTM transmission can only occur on occasions after the next SC-MCCH modification boundary.
Proposal 8
RAN2 should discuss whether the resumption of a suspended SC-PTM can only occur after the next SC-MCCH modification boundary (implicitly) or at a resumption boundary indicated by the eNB (explicitly).
Proposal 9
RAN2 should clarify whether SC-MTCH transmission is started at the next SC-MCCH modification boundary after SC-MCCH change is indicated.
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