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1 Introduction

In this contribution, we discuss the various potential SC-MCCH scheduling approaches, including schedule with PDCCH and semi-static scheduling. Then, SC-MCCH change notification issue is discussed for both not started MBMS service and ongoing services respectively. At last, an optimization for session stop indication is proposed.
2 Discussion on SC-MCCH Scheduling
In last RAN2 meeting, it’s agreed to use scheduling with PDCCH for SC-MTCH [1]. However it’s not decided how the SC-MCCH is to be scheduled. Semi-static scheduling and scheduling with PDCCH are both proposed by different companies.

In legacy LTE, SC-MCCH is scheduled with PDCCH in repetition period. SIB20 configures length, offset, start subframe and duration of the SC-MCCH repetition period. When UE acquires the SC-MCCH message, it monitors every PDCCH subframe within the duration of a SC-MCCH repetition period.
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Figure 1: SC-MCCH scheduling in legacy LTE

If NB-IoT and eMTC inherit this scheme, the main problem is UE power consumption. Reception a number of PDCCH repetition consumes UE power anyway. In current specification, UE is required to acquire SC-MCCH message in every SC-MCCH modification period, this requires more UE power. For the similar reasons, in NB-IoT and eMTC, SI message is also scheduled semi-statically.
Proposal 1: It’s suggested to design a PDCCH-less scheduling scheme for SC-MCCH in NB-IoT and eMTC.
To use PDCCH-less scheduling scheme for SC-MCCH in R14, the semi-statically allocated subframes used for SC-MCCH should not affect R13 UE behavior. For example, if the semi-statically allocated subframes are interwoven with a unicast schedule for a R13 UE, this UE will have no idea to skip these subframes when receiving the unicast PDSCH repetitions. This problem does not exist for SI scheduling, because R13 UE knows how to skip SI repetition subframes.
Thus, we have 3 options to design the PDCCH-less scheduling scheme for SC-MCCH. 
Option 1: SI-like scheduling
In this option, SC-MCCH is scheduled in a similar way as that of SI message. The repetition period length, start offset, and repetition pattern/repetition number are configured in SIB20. The SC-MCCH message is transmitted in each SC-MCCH repetition period, starting from the “offset” subframe and repeating according to the repetition pattern or repetition number.
To avoid affect on R13 UE, eNB should carefully avoid collision between the SC-MCCH subframes and unicast transmissions, including paging for R13 UE by configuring the SC-MCCH subframes in a proper location, for example, in the subframes between two POs. This restriction decreases the scheduling flexibility of eNB, and possibly, if PO interval is small, it may have no enough space for SC-MCCH subframes.
Option 2: SI-like scheduling using invalid subframes
This option differs from option 1 in utilizing invalid subframes to make R13 UE skip SC-MCCH subframes when receiving PDCCH and PDSCH repetitions. In R13, if a subframe is configured as invalid subframe, UE will skip it when receiving SI message, PDCCH and PDSCH repetitions. Thus, a number of subframes can be defined as “invalid” for R13 UE, and allocated for SC-MCCH transmission and R14 unicast transmission if necessary.
The drawback of this option is the invalid subframes are not useful for R13 UE.

Option 3: Define a new SIB for SCPTMConfiguration
This option is to utilize the SI message mechanism, and define the SC-MCCH message SCPTMConfiguration as a SIB. In other words, the content of SCPTMConfiguration message, including MTCH scheduling configuration and neighbor-cell information, are carried in a new defined SIB. 
As for modification periodicity of this new SIB, we can configure the modification period of this new SIB independently to decouple from normal SI modification period to meet the change delay requirement of SC-PTM. Then, the change of this new SIB should not affect system information value tag, both the value in MIB and SI specific value tag in SIB1. It’s to be mentioned there is no value tag mechanism for SC-MCCH message as that in legacy LTE.
Proposal 2: It’s suggested to choose one of options in chapter 2 as SC-MCCH scheduling scheme.
3 Discussion on SC-MCCH change notification

3.1 SC-MCCH change notification for ongoing services
In current specification, when UE is receiving a MBMS service via SC-PTM, it’s required to acquire SC-MCCH message SCPTMConfiguration from the beginning of each modification period, according to 36.331:
	5.8a.2.3   SC-MCCH information acquisition by the UE 
……
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.


On the contrary, UE which is interested in receiving MBMS service but not starts the reception can depends on the SC-MCCH change notification. UE starts to acquire SC-MCCH message when the change notification is received. Per our understanding, the main purpose of this requirement in legacy specification is to avoid disturbance each other when configuration of ongoing MBMS service is about to change. Since UE is already receiving MBMS service via SC-PTM, UE power consumption for acquiring of SC-MCCH message is not a big problem.

But for NB-IoT and eMTC UE, UE power saving is much more critical than for legacy UE. And receiving SC-MCCH repetitions consumes more UE power.

UE acquires the change of SC-MCCH for following cases.

Case 1: To check if the MBMS service is stopped or not. This occurs only once during a session. 
Case 2: To check if any configuration relative to its receiving MBMS service is changed. The configuration includes SC-MTCH scheduling configuration and neighboring cell information of this service. This case is not frequent too.
Case 3: To check if other services interested by UE are indicated in SC-MCCH message. Since it’s difficult at least for NB-IoT to support UE receiving more than one MBMS service simultaneously because of UE capability limitation, this case is an unlikely case. 

Thus, requiring UE to acquire SC-MCCH in each SC-MCCH modification period during reception of a MBMS service for these infrequent or unlikely cases is not reasonable.
Observation 1: Requiring UE receiving MBMS service to acquire SC-MCCH message in each SC-MCCH modification period is not power saving optimized.
For NB-IoT, besides UE power saving issue, requiring UE to acquire SC-MCCH message when receiving MBMS service also will bring scheduling issue. In last RAN2 meeting, it’s agreed to schedule SC-MTCH and SC-MCCH on different carriers.

Both SC-MCCH and SC-MTCH can maybe be scheduled on anchor carrier and/or non-anchor carrier for NB-IoT.

SC-MCCH and SC-MTCH can maybe be scheduled on different carriers for NB-IoT and for MTC (narrowband for MTC). Need to consider e.g. MCCH modification and e.g. frequency hopping for MTC.
Due to the capability limitation, NB-IoT UE can’t receive multiple carriers at the same time. If NB-IoT UE is required to acquire SC-MCCH in each SC-MCCH modification period, eNB should NOT schedule any SC-MTCH whenever SC-MCCH message is scheduled. This will compromise the efficiency and flexibility of eNB scheduling.
Observation 2: Requiring UE receiving MBMS service to acquire SC-MCCH message in each SC-MCCH modification period compromise the eNB scheduling efficiency and flexibility when SC-MCCH and SC-MTCH are scheduled on different carriers.

Thus, we propose to introduce a service specific SC-MCCH change notification mechanism for UE which is receiving MBMS service via SC-PTM. With such change notification, UE receiving a MBMS session is NOT required to acquire SC-MCCH message in each SC-MCCH modification period.
Proposal 3: It’s suggested to introduce a service specific SC-MCCH change notification. 
Some principle should be taken into account when design this service specific SC-MCCH change notification for ongoing MBMS services:
Principle 1: UE needs only acquire the SC-MCCH when the SC-MCCH message is related to its receiving MBMS service. 

Principle 2: Change notification for one service should not bring impact to UE which is not receiving this service.

Principle 4: Except UE power consumption used for acquiring necessary SC-MCCH message update, other additional power consumption should be as small as possible.

Principle 3: No additional resources should be used for notifying UE.

If this service specific SC-MCCH change notification indicator is only transmitted in the PDCCH DCI for corresponding SC-MTCH, the impact of this notification is isolated only to UE which are receiving it. And no additional UE power and cell resources are required.

Proposal 4: The service specific SC-MCCH change notification should be indicated in PDCCH DCI used for scheduling SC-MTCH of the ongoing MBMS service.

The service specific SC-MCCH change notification is indicated only when the change of SC-MCCH message is related to the SC-MTCH. The related changes include the schedule configuration, neighbor-cell information of the corresponding MBMS service.
Proposal 5: The service specific SC-MCCH change notification should be indicated for a SC-MTCH only when the change of SC-MCCH messages is related to its corresponding MBMS service.
With this service specific SC-MCCH change notification, UE is not required to acquire SC-MCCH message in every SC-MCCH modification period when it’s receiving a SC-MTCH. Only when a service specific SC-MCCH change notification is received in the DCI for scheduling the SC-MTCH, UE starts to acquire the updated SC-MCCH message.  Thus, the eNB can schedule this SC-MTCH and SC-MCCH simultaneously if they are on different carriers when content related to this SC-MTCH is not changed.
3.2 SC-MCCH change notification for not started MBMS services
In legacy LTE, a UE which is interested in a not started MBMS service can depend on this SC-MCCH change notification to get aware when the MBMS service is about to start.
The SC-MCCH change notification of legacy LTE is implemented by PDCCH signaling with a dedicated SC-N-RNTI. This special PDCCH DCI is not only defined for SC-PTM, but also for MBSFN transmission. So the bits defined in this DCI are luxury and unnecessary for NB-IoT SC-PTM, since only one bit is enough to indicate SC-MCCH content change. For NB-IoT and eMTC, SC-MCCH change notification can be optimized accordingly.
Since the SC-MCCH change notification mechanism should depend on the scheduling scheme of SC-MCCH. The optimized solution may differ for different SC-MCCH scheduling schemes. The optimized solution for SC-MCCH change notification could be discussed later after scheduling scheme of SC-MCCH has been determined.
Observation 3: The optimized solution for SC-MCCH change notification for not started MBMS services depends on the scheduling scheme of SC-MCCH.

4 Discussion on session stop indication
4.1 MBMS Session Stop Indication

In the legacy LTE, MBMS session stop procedure is used to inform eNB the stop of a MBMS session. The procedure is described as following according to 36.300. 
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Figure 2: Procedure of MBMS Session Stop

1.
The MME sends MBMS session stop request message to the MCE(s) controlling eNBs in the targeted MBMS service area.

2.
MCE confirms the reception of the MBMS Session stop request to the MME.

3.
MCE forwards the MBMS Session stop message to the eNBs in the targeted MBMS service area.

4.
eNB confirms the reception of the MBMS Session stop message.

5.
eNB indicates MBMS session stop to UEs by removing any service configuration associated with the stopped session from the updated SC-MCCH message.

6.
The corresponding E-RAB is released, and eNB leaves the IP multicast group.

In current specification, UE is indicated of its receiving MBMS session by reading SC-MCCH message. When the eNB receives a MBMS session stop message from MCE, it updates SC-MCCH message by removing any configuration associated with the stopped session. The UE which is receiving a MBMS session is required to acquire SC-MCCH message update in every SC-MCCH modification period. The UE gets aware of that its receiving service is stopped only when it acquires the updated SC-MCCH message.

Then, there is a gap between the SC-MCCH message update and MBMS session actual stop. This gap is illustrated in following figure.
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Figure3: Illustration of the gap between actual session stop and SC-MCCH update

T1 is the time that eNB receives the MBMS session stop signaling. T2 is time UE acquires the updated SC-MCCH message. The interval between T1 and T2 is the length of the gap mentioned above. The length of this gap depends on the position of T1 in time scale relative to the boundary of SC-MCCH modification period. It’s expected to 1/2 SC-MCCH modification period length statistically and the worst case is almost the whole length of SC-MCCH modification period if T1 is unfortunately located just next to a beginning of a SC-MCCH modification period.

During this gap, the SC-MCCH message is not updated to indicate the stop of this MBMS session, and there is no more data to be delivered. But UE which is receiving this MBMS session is not realized of the stop. It has to keep monitoring the PDCCH to check the DL transmission of SC-MTCH of this MBMS session during the Onduration timer within the SC-MTCH scheduling period.

For legacy LTE, this is not a big problem for the fact the power saving is not critical for it and the SC-MCCH modification period is relatively short. But for NB-IoT and eMTC UE, the powering saving is much more critical. And even the worse, the SC-MCCH modification period is reasonable anticipated to be much longer than that in legacy LTE. This means the gap between SC-MCCH message update and MBMS session stop will probably become much longer.

Observation 4: Gap between indication of MBMS session stop and its actual stop time is not illegible for power saving in NB-IoT and eMTC.
To address this issue, one straight forward solution is to indicate UE when the MBMS session is stopped along with the last transmission of the session data. When eNB receives the MBMS session stop request, it can decide which transmission is the last one for this MBMS session. This stop indicator can be carried in the DCI for the last transmission or a MAC CE in the last MAC PDU.
Proposal 6: It’s suggested to indicate MBMS session stop along with the last transmission for the MBMS session. The indicator is carried in the DCI for scheduling the last transmission or a MAC CE in the last MAC PDU.
To ensure the reception reliability of this stop indication in case some UE may miss the last transmission, this stop indicator can be transmitted several times after the last transmission of the session. The transmission number of this stop indication can be decided by eNB as an implementation issue.

Proposal 7: It’s suggested to transmit the MBMS session stop indicator several times after the last transmission of the MBMS session data before SC-MCCH message is updated. The repetition number is an eNB implementation issue.
However, we also think it’s reasonable for keep current mechanism and procedure of MBMS session stop. This is for UE which may miss the new session stop indication, it can be indicated of the MBMS session stop by acquiring update SC-MCCH message in which the UE interested services is removed.

Proposal 8: Current MBMS session stop procedure in legacy LTE is still applicable in NB-IoT and eMTC.
5 Conclusion and Proposals
Observations and proposals for SC-MCCH scheduling: 

Proposal 1: It’s suggested to design a PDCCH-less scheduling scheme for SC-MCCH in NB-IoT and eMTC.
Proposal 2: It’s suggested to choose one of options in chapter 2 as SC-MCCH scheduling scheme.
Observations and proposals for SC-MCCH change notification of ongoing services: 

Observation 1: Requiring UE receiving MBMS service to acquire SC-MCCH message in each SC-MCCH modification period is not power saving optimized.
Observation 2: Requiring UE receiving MBMS service to acquire SC-MCCH message in each SC-MCCH modification period compromise the eNB scheduling efficiency and flexibility when SC-MCCH and SC-MTCH are scheduled on different carriers.
Proposal 3: It’s suggested to introduce a service specific SC-MCCH change notification.
Proposal 4: The service specific SC-MCCH change notification should be indicated in PDCCH DCI used for scheduling SC-MTCH of the ongoing MBMS service.
Proposal 5: The service specific SC-MCCH change notification should be indicated for a SC-MTCH only when the change of SC-MCCH messages is related to its corresponding MBMS service.
Observations and proposals for SC-MCCH change notification for not started services: 

Observation 3: The optimized solution for SC-MCCH change notification for not started MBMS services depends on the scheduling scheme of SC-MCCH.
Observations and proposals for MBMS session stop indication:
Observation 4: Gap between indication of MBMS session stop and its actual stop time is not illegible for power saving in NB-IoT and eMTC.
Proposal 6: It’s suggested to indicate MBMS session stop along with the last transmission for the MBMS session. The indicator is carried in the DCI for scheduling the last transmission or a MAC CE in the last MAC PDU.

Proposal 7: It’s suggested to transmit the MBMS session stop indicator several times after the last transmission of the MBMS session data before SC-MCCH message is updated. The repetition number is an eNB implementation issue.
Proposal 8: Current MBMS session stop procedure in legacy LTE is still applicable in NB-IoT and eMTC.
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