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1 Introduction
At RAN#72, a new work item “Enhancements of NB-IoT” was agreed [1].
One major objective of this WID is to extend Rel-13 SC-PTM to support multi-cast downlink transmission for NB-IoT. Firmware or software updates and group message delivery are the main use cases considered in the design of multi-cast for NB-IoT.
In this contribution, some general aspects of multi-cast for NB-IoT are discussed.
2 Discussion
2.1 Multi-cast architecture
For the objective of the WI [1], Rel-13 SC-PTM should be extended to support multi-cast downlink transmission for NB-IoT. In Rel-13, the focus was on radio efficiency improvement and SC-PTM has been developed for scenario when large MBSFN area are not available due to lack of inter-eNB synchronization or not necessary because interested UEs are distributed in disjoint cells. SC-PTM reuses the eMBMS architecture as shown in the figure 1, the user data are transmitted to UE in SC-PTM mode through BM-SC instead of PGW. 

[image: image1.emf] 

UE  

GCS AS  

BM  -  SC   eNB  

M  1  

S  /  P  -  GW  

MBMS   -  GW  

SGmb  

SGimb  

MME  

HSS  

S  6  a  

Uu  

PCRF  

Gx  

GC  1  

S  1  -  u  

S  1  -  MM  E  

S  -  11  

M  3  

Sm  

SGi  

MB2 - C  

Application  

domain  

Rx  

MB2 - U  

M CE  

M  2  


Figure 1. Rel-13 SC-PTM architecture
According to [2] and [3], the GCS AS supports the following functionality:

· Exchanging GC1 signaling (including GCS session and group management aspects) with the UE. 

· Send service announcement before it is due to start. The time period could be hours, days or weeks.

· Receiving uplink data from the UE over unicast.
· Counting of UEs per group per cell.
· Delivery of data to all the UEs belonging to a group using Unicast Delivery and/or MBMS Delivery.

· Transport of application level session information via Rx interface towards PCRF.

· Support for service continuity procedures for a UE to switch between Unicast Delivery and MBMS Delivery. 

Above functionality seems to be needed in multi-cast of NB-IoT also. Therefore, to benefit from the existing design, it is proposed to reuse the Rel-13 SC-PTM architecture and the existing functionality of GCS AS for multi-cast in NB-IoT.
Proposal 1:  The Rel-13 SC-PTM architecture and the existing functionality of GCS AS are reused for multi-cast design for NB-IoT.
2.2 Multi-cast reception
Multi-cast services can be received by both UEs in RRC_CONNECTED mode and UEs in RRC_IDLE mode in Rel-13 SC-PTM. However, requiring NB-IoT UEs to receive multi-cast services in RRC_CONNECTED mode would require that these UEs monitor two NPDCCH search space simultaneously (USS and search space for SC-MCCH or SC-MTCH), which is not supported by the existing RAN1 specifications [4] for NB-IoT. To allow UEs receiving multi-cast in RRC_CONNECTED mode, UEs need to maintain two MAC entities (for unicast and multi-cast) and a prioritization is needed to define the priority of simultaneous transmission of unicast and multi-cast for reception of UEs, which causes UE complexity. Besides, generally, compared with the duration of multi-cast transmission (dozens of minutes to several hours), the duration for a UE in RRC_CONNECTED is very small. Therefore, for the sake of avoiding prioritization at the UE and saving UE complexity, it is proposed that NB-IoT UEs in RRC_CONNECTED are not required to receive multi-cast.
Proposal 2:  Reception of multi-cast in RRC_CONNECTED mode is not required.
2.3 Service continuity
In LTE Rel-13 SC-PTM, the following service continuity scenarios were identified as highest priority and a number of mechanisms were introduced to guarantee the service continuity:
Scenario 1: Moving from SC-PTM to SC-PTM. For UEs receiving a SC-PTM service in the source cell, the target cell as result of mobility provides the same service over SC-PTM.
Scenario 2: Moving from SC-PTM to unicast. For UEs receiving a SC-PTM service in the source cell, while the same service is not configured in the target cell or not under SC-PTM transmission.
In NB-IoT, these two scenarios are also relevant and need to be considered. In legacy SC-PTM, service continuity is supported for Public Safety application in order to reduce the latency and service interruption. The requirement on latency for NB-IoT is not so critical. On the other hand, the firmware or software update in NB-IoT may take dozens of minutes to several hours, during which the UEs receiving a multi-cast service may move to another target cell under or not under the same multi-cast transmission. Without supporting of service continuity, the UEs need to inform the GCS AS and receive the whole software by unicast no matter how much data has been received in the source cell, which causes additional latency and power consumption for these UEs. To guarantee the users’ experience and reduce power consumption, service continuity should also be supported.
Proposal 3:  Service continuity of multi-cast is supported in NB-IoT.
2.4 SC-MCCH
In LTE Rel-13, the mechanism used for transmission of SC-PTM configuration can be illustrated as the following figure 1: 

[image: image2.emf]SIB20

SC-MCCH

PDCCH

(SC-RNTI)

Config

SC-MCCH

PDSCH

DCI

Notification

PDCCH

(SC-N-RNTI)

Config

SC-MTCH 1

PDCCH

(G-RNTI 1)

SC-MTCH 2

PDCCH

(G-RNTI 2)

SC-MTCH M

PDCCH

(G-RNTI M)

……

Config

Config

Config

SC-MTCH 1

PDSCH

(TMGI 1)

SC-MTCH 2

PDSCH

(TMGI 2)

SC-MTCH M

PDSCH

(TMGI M)

DCI

DCI

DCI

……

SC-MCCH SC-MTCH 1 ~ SC-MTCH M

first subframe


Figure 1. Rel-13 SC-PTM configuration transmission mechanism

The control information for UE to receive SC-MTCH (e.g. the DRX configuration, information of neighbor cells supporting SC-PTM, mapping between TMGI and G-RNTI, etc.) are transmitted every SC-MCCH repetition period in a SC-MCCH message on PDSCH scheduled by SC-RNTI on PDCCH. Besides the PDCCH used for scheduling the SC-MCCH transmission, a PDCCH with SC-N-RNTI will be transmitted in the first subframe of the SC-MCCH transmission if the contents of SC-MCCH has changed in the current SC-MCCH modification period.

However, there are only two CCEs in one subframe in NB-IoT, which may be not enough for carrying both scheduling and change notification NPDCCH for SC-MCCH [4]. Besides, since the NPDCCH needs repetitions (up to 2048 repetitions) to guarantee the coverage of UEs in NB-IoT, compared with Rel-13 SC-PTM, NPDCCH costs much more radio resources and needs longer transmission duration. Considering this, time-multiplexing of the scheduling NPDCCH and the notification NPDCCH will cause resources cost and additional latency. Based on the previous analysis, using two different NPDCCHs for SC-MCCH scheduling and SC-MCCH change notification respectively seems not suitable for multi-cast in NB-IoT. Therefore, it is proposed that mechanism for SC-MCCH scheduling and change notification needs to be discussed for adjusting NPDCCH design in NB-IoT. Details of analysis and potential alternative solutions are in [5].
Proposal 4:  Mechanism for SC-MCCH scheduling and change notification needs to be discussed for adjusting NPDCCH design in NB-IoT.
2.5 SC-MTCH
SC-MTCH i.e. traffic data of multi-cast service, is scheduled by PDCCH in Rel-13 SC-PTM which is beneficial for the flexibility of scheduling and resource efficiency. Since the flexibility of scheduling and resource efficiency are also relevant and excepted in NB-IoT, it is proposed to reuse the legacy SC-MTCH mechanism in which the SC-MTCH is scheduled by PDCCH.

Proposal 5:  The legacy SC-MTCH mechanism in which the SC-MTCH is scheduled by PDCCH is reused for multi-cast in NB-IoT to achieve flexible scheduling.
Besides, in Rel-13 SC-PTM, both PDCCH and PDSCH for SC-MTCH is transmitted only once and the coverage enhancement has not been taken into account. In order to realize coverage improvement, similar as unicast transmission, repetition for SC-MTCH transmission is also needed for multi-cast in NB-IoT.
Proposal 6:  Repetition for SC-MTCH transmission should be introduced for multi-cast in NB-IoT.
2.6 Retransmission 
According to [6] and [7], the transmission for MBMS data streams over M1 is an UDP/IP based transport and the UDP/IP packet will be delivered to RLC layer directly. Each UDP/IP packet will be carried by several TBs. The numbers of TBs need for one UDP/IP packet with the maximum size of 1500 octets (for Ethernet) are shown in following table 1.
Table 1. Numbers of TBs for software update
	
	NB-IoT
	Legacy LTE

	The maximum size of UDP/IP packet
	1500 octets (for Ethernet)

	The maximum DL TBS (including 2 octets RLC header and 2 octets MAC header)
	680 bits (MCS 4~12) 

256 bits (MCS 0)
	12960 bits (using only 20PRB, LTE supports up to 110PRB)

	The number of TBs for each UDP/IP packet using maximum TBS
	19 (MCS 4~12)
54 (MCS 0)
	1

	Assumption of PDSCH BLER
	0.01
	0.01

	The probability of an UDP/IP packet needing to be retransmitted by unicast
	1-0.9919 = 0.174 (MCS 4~12)
1-0.9954 = 0.419 (MCS 0)
	0.01


For Rel-13 SC-PTM, FEC in FLUTE is used to provide the robustness of multi-cast transmission [8]. One FLUTE block is carried by several UDP/IP packets and coded by FEC. The FLUTE of UE can use FEC to achieve error correction. If the error correction is failed, UEs can inform the application layer and ask for unicast retransmission of the missing part identified by FEC (the size of missing part is at least the corresponding UDP/IP packet according to the FEC algorithm).

However, since the maximum DL TBS of NB-IoT is much less than LTE, the retransmission after the multi-cast becomes a critical issue. In Rel-13 SC-PTM, an UDP/IP packet can be carried by only one TB with a high probability since the DL TBS is big enough. In the best case of NB-IoT (i.e. the TBS of 680 bits is used for multi-cast), an UDP/IP packet needs to be carried by 19 TBs. In the scenario that UEs in bad coverage need to receive multi-cast (e.g. MCS 0 is used and the maximum TBS is only 256 bits), an UDP/IP packet needs to be carried by 54 TBs. Since more TBs are needed, the reliability of UDP/IP packets transmission is quite low (only 82% for MCS 4~12 and 58% for MCS 0), which exceeds the error correction capability of FEC in FLUTE. If only one or two TBs are not received successfully after the multi-cast, at least the corresponding 19 TBs or 54 TBs need to be retransmitted by unicast. Besides the waste of radio resources and the additional latency, retransmitting so many TBs after the multi-cast causes significant power consumption, which is unacceptable for NB-IoT UEs. Taking this into consideration, feedback after multi-cast within RAN side can be introduced so that eNB can retransmit the missing part of the multi-cast to reduce UE power consumption.
Proposal 7:  Feedback is introduced into NB-IoT so that eNB can retransmit the missing part of the multi-cast to reduce UE power consumption.
3 Conclusion

This paper discusses some general aspects of multi-cast design for NB-IoT. The corresponding proposals are listed below. 
Proposal 1:  The Rel-13 SC-PTM architecture and the existing functionality of GCS AS are reused for multi-cast design for NB-IoT.
Proposal 2:  Reception of multi-cast in RRC_CONNECTED mode is not required.
Proposal 3:  Service continuity of multi-cast should be supported in NB-IoT.
Proposal 4:  Mechanism for SC-MCCH scheduling and change notification needs to be discussed for adjusting NPDCCH design in NB-IoT.
Proposal 5:  The legacy SC-MTCH mechanism in which the SC-MTCH is scheduled by PDCCH is reused for multi-cast in NB-IoT to achieve flexible scheduling.

Proposal 6:  Repetition for SC-MTCH transmission should be introduced for multi-cast in NB-IoT.

Proposal 7:  Feedback is introduced into NB-IoT so that eNB can retransmit the missing part of the multi-cast to reduce UE power consumption.
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