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1 Introduction

In last RAN plenary meeting, it’s agreed to introduce support for SC-PTM for NB-IoT[2].

· 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 this contribution, we provide analysis on the impact of supporting SC-PTM in NB-IoT. Several issues are identified and discussed, and proposals are also provided based on that.
2 Impact of SC-PTM on NB-IoT
2.1 Issue 1: Channel structure and RLC mode

In legacy LTE, there are 2 kinds of logical channels. SC-MCCH is the control channel carrying SC-MCCH message. There is only one SC-MCCH channel in one cell. SC-MTCH is used to bear MBMS service data. One MBMS service is mapped on one SC-MTCH. Both SC-MCCH and SC-MTCH are mapped on DL-SCH and then PDSCH, as showed in figure 1[1].
It’s to note that there is no MAC layer multiplexing between SC-MCCH/SC-MTCH and SC-MTCH/SC-MTCH. In other words, each SC-MCCH and SC-MTCH is dynamically scheduled with its unique RNTI.
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Figure 1 channel structure of legacy LTE from 36.321
For NB-IoT, there is no reason to change the channel structure as defined in legacy LTE. 

Proposal 1: Legacy SC-PTM channel structure (channel type and mapping) is used as baseline of NB-IoT SC-PTM.

Another issue is the RLC mode used for SC-PTM channels. In legacy LTE, RLC UM mode is used for SC-PTM channels. We understand the reason that RLC UM mode is not supported for R13 NB-IoT is to simplify UE implementation. And in release 13, MTCH/MCCH/SC-MCCH/SC-MTCH/STCH is not supported for NB-IoT, and DTCH is mapped on AM mode only.
But MBMS data packet will not always exactly fit the RLC PDU. Thus RLC layer function of segmentation and concatenation are needed to avoid compromise transmission efficiency in air interface. The TM mode is not suitable for transmitting this kind of service data.
It also can be assumed the complicated ARQ function defined for AM mode will not be applied to SC-PTM. The overhead of AMD PDU is also bigger than UMD PDU. So, the best choice is still UM mode for SC-PTM in NB-IoT.
Proposal 2: UM mode is to be used for SC-PTM in NB-IoT.

2.2 Issue 2: New SIB type for SC-MCCH configuration

In legacy LTE, SIB2 is defined to indicate the scheduling information of SC-MCCH. The SC-MCCH scheduling information in legacy LTE includes the modification period, repetition period, scheduling duration configuration, etc.
This mechanism can also be introduced into NB-IoT to indicate SC-MCCH configuration.

The impact on UE which isn’t interested in SC-MCCH is very limited. SC-MCCH is not always needed except when one or more MBMS services are transmitted via SC-PTM. Thus, the new defined SIB20-NB is not required to be always scheduled. When it’s to be scheduled, existing SI change notification mechanism is used to notify UE about the change. Although not all UE are interested in receiving SC-MCCH, the change of this SIB is not expected to be frequent. Furthermore, with the help of per SI value tag, UE which isn’t interested in SC-MCCH can skip acquiring this SIB. 

Proposal 3: To define SIB20-NB for SC-MCCH configuration. The change notification of this SIB obeys existing mechanism defined in R13 NB-IoT.
2.3 Issue 3: SC-MCCH message contents

In legacy LTE, the SC-MCCH message includes 2 main parts. One is SC-MTCH-Info, used for SC-MTCH scheduling information. Another is scptm-NeighbourCellList-r13, used to indicate which neighboring cell is sending the indicated MBMS service in order that UE can keep service continuity after cell reselection.

Considering most NB-IoT UEs are stationery deployed, the Scptm-NeighbourCellList information is not useful. Even considering NB-IoT mobility, the MBMS session can be scheduled when most UE are not in moving. And for NB-IoT use case, it’s most likely that all cells in an area schedule the MBMS service at the same time. Without this neighboring cell information will not be a problem for UE in moving.
Further, if neighboring cell information is not included, the saved bits number is considerable. And message size reduction is beneficial for SC-MCCH resource allocation and scheduling. Following table provides a calculation of SC-MCCH message size of the legacy LTE version. We can see that for each MBMS session, about 92 bits are needed for the identification and scheduling information, and 27 bits for each neighboring cell configuration. We can save at most 216 bits if SC-MCCH does not indicate the neighboring cell information, with the assumption of maximum 8 neighbor cell information.
	Field
	bits
	notes

	SC-MTCH-Info-r13
	
	       

	>mbmsSessionInfo-r13
	
	92bits per SC-MTCH

	>> TMGI
	
	

	>>>plmn-id-r9
	24
	

	>>>service-ID
	24
	

	>>Session ID
	8
	

	>g-RNTI-r13
	16
	

	>sc-mtch-schedulingInfo-r13
	
	

	>> onDurationTimerSCPTM-r13
	4
	

	>> drx-InactivityTimerSCPTM-r13
	4
	

	>> schedulingPeriodStartOffsetSCPTM-r13
	4
	

	>sc-mtch-neighbourCell-r13
	8
	

	scptm-NeighbourCellList-r13
	
	Maximum 27*8=216

	> PCI-ARFCN-r13
	
	27=9+18

	>> PhysCellId,
	9
	

	>> carrierFreq-r13
	18
	


Table 1 SC-MCCH IE of legacy LTE
Another main issue about the SC-MCCH message content is the limitation of TBS to be scheduled. In R13, the limitation is 680 bits for physical layer scheduling. It’s reasonable to fit the SC-MCCH message size in this limitation in order to save UE cost.
Proposal 4: It’s proposed to limit SC-MCCH message size not bigger than 680 bits.

Proposal 5: It’s proposed not to include neighbor cell information in SC-MCCH for NB-IoT
2.4 Issue 4: Carrier for SC-PTM
Question 1: can SC-MCCH and SC-MTCH be scheduled on non-anchor carriers?

In NB-IoT, the anchor PRB/carrier resources are very limited. If SC-PTM is only deployed on the anchor carrier, it will compromise the scheduling flexibility on the anchor carrier. Supporting to schedule different SC-MTCH on different carriers provides additional scheduling flexibility. Otherwise, because of the very limited resource of one carrier, when multiple MBMS services are ongoing at the same time, it may take much longer time to finish the transmission, and even worse, there are no enough resources to schedule these services at the same time.

Question 2: can different SC-MTCH be scheduled on different carriers?
One UE is not likely need to receive multiple MBMS service simultaneously. Thus to schedule different SC-MTCH on different carrier has no impact on the UE since the UE cannot receive 2 or more services at the same time due to UE’s capability limitation.

On the other side, if SC-PTM can be deployed on non-anchor carriers, the scheduling of SC-PTM channels should be coordinated with scheduling of paging occasion and MIB/SIB1/SI message transmission. Since most UEs receive SC-PTM in RRC_IDLE mode, UE may need monitor system information update and acquire SI message while receiving SC-MCCH and SC-MTCH. But this problem still exists when SC-PTM is only scheduled on anchor carrier. With the support of paging on non-anchor carrier in release 14 for NB-IoT, this will not be a problem to schedule SC-PTM on non-anchor PRBs.
Proposal 6: Both SC-MCCH and SC-MTCH can be scheduled on anchor carrier and non-anchor carrier.
Proposal 7: SC-MCCH and SC-MTCH can be scheduled on different carriers.
2.5 Issue 5: SC-MCCH and SC-MTCH scheduling
SC-MCCH and SC_MTCH in legacy LTE are dynamically scheduled. But for NB-IoT, it’s worthy to discuss whether to use dynamic or semi-static scheduling.

In Legacy LTE, SC-MCCH and SC-MTCH are scheduled as following figure 2 and figure 3 respectively.
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Figure 2 scheduling of SC-MCCH in legacy LTE
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Figure 3 scheduling of SC-MTCH in legacy LTE
Legacy UE keeps monitoring SC-RNTI during the SC-MCCH schedule duration, and keeps monitoring G-RNTI of its interested service when OndurationTimerSCPTM and drx-InactivityTimerSCPTM are running. The UE starts or restarts an inactivity timer when it receives a SC-MTCH transmission in case there are more data to be transmitted.

Dynamic scheduling is flexible and suitable for dynamic changed traffic model, such video traffic. In this kind of traffic module, the packet data size and the interval between packets are variable. Then dynamic resources allocation and scheduling are the best choice for the benefit of efficiency. But for the main motivation of SC-PTM in NB-IoT, the traffic model of software package delivery is much more stable. The packet size and packet interval can be kept the same between packets.
Furthermore, dynamic scheduling binges much more power consumption since UE has to keep monitoring PDCCH within the time interval during which DL scheduling may happen. This is a big issue for NB-IoT UE.
So, we may consider alternatives of current dynamic scheduling mechanism for SC-PTM as defined in legacy LTE.

Since the traffic is expected to be very stable and predictable, some sort of semi-static resource allocation and a kind of semi-static scheduling may be more resource efficient and more beneficial for UE power consumption. One example of so-called semi-static resource allocation and scheduling can be the one as showed in following figure 4. In the example, subframes are semi-statically allocated for one SC-MTCH during its scheduling period. In the transmission window, one or more MAC PDUs are repeated predefined numbers. UE will receive the transmission without monitoring PDCCH.
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Figure 4 an example of semi-static resource allocation and scheduling for SC-PTM
One problem of using semi-static scheduling is that the semi-static subframes allocation should not bring impact to R13 NB-IoT UE’s behavior. There are a lot of methods to avoid this problem.
Proposal 8: To consider resource allocation and scheduling mechanism other than dynamic scheduling for both SC-MCCH and SC-MTCH in NB-IoT.

2.6 Issue 6: SC-MCCH change notification
SC-MCCH change notification is defined in legacy LTE to notify UE which is interested in MBMS service via SC-PTM of the change of SC-MCCH. In legacy LTE, change notification 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.
Another issue is when to transmit the SC-MCCH change notification. In legacy LTE, the SC-MCCH change notification DCI is scheduled in the first available subframe of SC-MCCH repetition in which the SC-MCCH is changed. 

This basic concept can be used for NB-IoT, with following changes:

The first change is to integrate the SC-MCCH change notification bit into the PDCCH DCI used for SC-MCCH scheduling. Otherwise to schedule a single bit DCI with a number of PDCCH repetitions is expensive for NB-IoT.

Of course, if SC-MCCH is semi-statically scheduled, the SC-MCCH change notification signaling can be an independent one, i.e, the design of SC-MCCH change notification in legacy LTE can be reused in NB-IoT. The legacy mechanism is enough to indicate this one bit change notification, and monitoring PDCCH is beneficial for UE power saving.
proposal 9: To indicate the SC-MCCH change notification in the PDCCH signaling used for SC-MCCH scheduling if SC-MCCH is dynamically scheduled, or reuse SC-MCCH change notification as designed in legacy LTE if SC-MCCH is semi-statically scheduled.
2.7 Issue 7: Transmission reliability

In legacy LTE, there is no mechanism to ensure 100% reliability of transmission/reception because the main use case is multimedia broadcasting and multicasting. There is no need to retransmit a video/audio data in such use case. However, the situation is different for NB-IoT. The main motivation of supporting SC-PTM in NB-IoT is for firmware, software upgrading and group message delivery. All these require 100% reliability of reception by UE since partly received data is no usage for UE. 

First of all, repetition is used for enhanced coverage in R13. For SC-PTM in NB-IoT, repetition is still baseline to meet the requirements of enhanced coverage UE. Further, it can also be used to reduce UE reception failure ratio.

For SC-PTM in NB-IoT, the repetition can be either multiple repetitions in one scheduling, or multiple independent scheduling. Both repetition schemes bring similar cost of resource consumption. It can be assumed the more repetition is scheduled, the smaller reception failure ratio can be achieved.
Proposal 10: Repetition is regarded as the basic method to limit the reception failure ratio. Compared to simple repetition, more efficient repetition methods can be considered.
On the other hand, repetition cannot resolve the problem completely. We can’t avoid reception failure even with multiple repetitions. And too much blind repetition is too expensive because some repetitions are not necessary. Thus, feedback and retransmission is a reasonable option to address this problem.

The fast feedback and retransmission option is similar to unicast HARQ mechanism. UE detects a reception failure of a SC-MTCH and then schedules feedback NACk to eNB. The eNB will schedule retransmission after receiving NACK. For this fast feedback and retransmission, one challenge is to design a mechanism to allow multiple UE in RRC_IDLE mode to feedback NACK at the same time with limited resource requirements. It’s believed there are a lot of methods to implement it.
Also another option can be considered, when the MBMS session stops, UE which has not acquired the whole software package can initiate a RRC connection and then ask for the service data from CN node or the service server. In this scheme, there is no impact on RAN node. 
Proposal 11: Feedback and retransmission is needed for SC-PTM in NB-IoT. 
3 Conclusion and proposals
Based on the analysis, we have the following considerations and proposals:
Proposal 1: Legacy SC-PTM channel structure (channel type and mapping) is used as baseline of NB-IoT SC-PTM.

Proposal 2: UM mode is to be used for SC-PTM in NB-IoT.

Proposal 3: To define SIB20-NB for SC-MCCH configuration. The change notification of this SIB obeys existing mechanism defined in R13 NB-IoT.
Proposal 4: It’s proposed to limit SC-MCCH message size not bigger than 680 bits.

Proposal 5: It’s proposed not to include neighbor cell information in SC-MCCH for NB-IoT
Proposal 6: Both SC-MCCH and SC-MTCH can be scheduled on anchor carrier and non-anchor carrier.
Proposal 7: SC-MCCH and SC-MTCH can be scheduled on different carriers.
Proposal 8: To consider resource allocation and scheduling mechanism other than dynamic scheduling for both SC-MCCH and SC-MTCH in NB-IoT.
proposal 9: To indicate the SC-MCCH change notification in the PDCCH signaling used for SC-MCCH scheduling if SC-MCCH is dynamically scheduled, or reuse SC-MCCH change notification as designed in legacy LTE if SC-MCCH is semi-statically scheduled.
Proposal 10: Repetition is regarded as the basic method to limit the reception failure ratio. Compared to simple repetition, more efficient repetition methods can be considered.
Proposal 11: Feedback and retransmission is needed for SC-PTM in NB-IoT. 
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