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Discussion and Decision
1 Introduction

In [1], work to extend multicast support to NB-IoT using SC-PTM was approved. In RAN1#86 and RAN2#95 meetings, the following agreements related to SC-PTM were made –

RAN1
· SC-PTM in NB-IoT is supported at least in RRC_IDLE mode. FFS RRC CONNECTED mode.
RAN2

· Reception of multi-cast in RRC_CONNECTED mode is not required for NB-IoT and FFS for MTC.
· RAN2 assumes that the legacy SC-MTCH mechanism in which the SC-MTCH is scheduled by PDCCH is reused for multi-cast in NB-IoT and MTC to achieve flexible scheduling.

· RAN2 assumes that repetition for SC-MTCH transmission will be introduced for multi-cast in NB-IoT and MTC.
· 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.
In this contribution, we consider numerous aspects of SC-MTCH transmission.

2 SC-MTCH Scheduling

In RAN2#95, it was agreed by RAN2 to assume that SC-MTCH is scheduled by PDCCH as in legacy mechanism. In RAN1, however, two SC-MTCH scheduling mechanisms can be considered - SC-MTCH is scheduled by NPDCCH or scheduling information for SC-MTCH is given in SIB (also known as control-less transmission). The first approach provide flexible scheduling and resource allocation. Furthermore, the eNB can also try to avoid collision issues (e.g. with paging or random access) if scheduling is done via NPDCCH. However, each transport block will require an associated NPDCCH which can result in high overhead. If scheduling information for SC-MTCH is given in SIB, the overhead may be reduced. However, unlike NPDCCH which is only transmitted during SC-MTCH sessions, SIB is transmitted periodically. Thus, it is not clear that the overhead will be substantially lower with SIB scheduling approach. In addition, SIB scheduling is very inflexible and does not allow the eNB to easily adapt parameters such as TBS, MCS level, and number of repetitions. Therefore, it is proposed that SC-MTCH transmission is scheduled by NPDCCH. 
Proposal 1: SC-MTCH is scheduled by NPDCCH.
As noted above, each transport block will require an associated NPDCCH which can result in high overhead when there are lots of transport blocks to be transmitted in a multicast session. This may be the case for software/firmware update where data size can be very large (e.g. a few Mbytes) relative to the maximum transport block size of 680 bits. This is shown in Figure 1. For instance, with software update of size 2Mbytes, more than 23K transport blocks will be needed to transmit this data. If each transport block requires an associated NPDCCH, the overhead can be quite high. This is especially true when targeting UEs in extreme coverage as they require a large number of repetitions for the NPDCCH (e.g. 128 repetitions to reach 164 dB MCL).
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Figure 1. SC-MTCH transmission with NPDCCH scheduling.
Furthermore, in the case of large multicast data packet, each transport block will likely use the same MCS level, TBS, and repetition number based on the performance target desired by the eNB. Thus, there is no reason to transmit NPDCCH on every scheduling instance. Therefore, it is proposed to introduce semi-persistent scheduling for SC-MTCH. Semi-persistent scheduling for SC-MTCH can offer more flexibility than control-less transmission. Naturally, for small data packet, there would be no need to use semi-persistent scheduling. Therefore, it is proposed to support both dynamic and semi-persistent scheduling for SC-MTCH.
Proposal 2: Support both dynamic and semi-persistent scheduling for SC-MTCH.
Semi-persistent scheduling is not supported in NB-IoT. It is also not supported in IDLE mode. However, [2] discusses how SPS procedure might be modified to support scheduling for the SC-MTCH. The basic idea is to provide information about the SPS configuration in the SCPTMConfiguration message. Then SPS can be activated and deactivated using legacy LTE procedure. Naturally, SPS configuration may need some modifications to support coverage enhancement operation.
For scheduling of the NPDSCH, DCI format N2 can be used as the baseline. This DCI format provides all necessary information such as resource assignment, MCS level, and repetition number that would be needed for SC-MTCH transmission. Other possible scheduling information such as HARQ-ACK resource indicator, PDCCH order, and scheduling delay are not needed for SC-MTCH transmission.
Proposal 3: Consider reusing DCI format N2 for scheduling of SC-MTCH.
It has been agreed in RAN2 that the SC-MTCH can be scheduled on anchor carrier and/or non-anchor carrier. This is of course beneficial for load balancing purpose. However, it is not necessary for this scheduling to be done dynamically via the DCI. Information about which carrier for the SC-MTCH corresponding to each multicast session listed in the SCPTMConfiguration message may be provided in the SC-MCCH since this information is common to all UEs receiving same multicast session. This would also provide the flexibility to distribute the multicast sessions over different carriers. Alternately, carrier information can be provided in SIB20. However, as SIB20 only provides information about the SC-MCCH, this would restrict SC-MCCH and the SC-MTCH for all the multicast sessions to be on the same carrier and thus limit flexibility. 
Proposal 4: Information about carrier(s) to be used for SC-MTCH can be provided in SCPTMConfiguration message.
3 SC-MTCH Reliability

Some use cases for SC-PTM such as firmware upgrades require a high degree of reliability. In addition, because SC-PTM is transmitted to UEs in idle mode, the eNB does not have channel information related to the UEs that will be receiving the service. Thus, to ensure reliable reception, the network has several choices –
· Use conservative MCS level and number of repetitions, and target low BLER. The associated overhead with this technique is high because reliable reception at the worst UE is targeted. However, if the data size is small or transmission is very infrequent (e.g. firmware update once a month), then there is marginal impact to overall system performance.
· Transmit several bundles or groups of the same transport block, with bundle containing a fixed number of repetitions. UE can accummulate as many repetitions as needed to decode the transport block. All the bundles of one transport block are transmitted before beginning transmission of the next transport block. Note that this option also provides time diversity gain since the bundles are discontinous. This time diversity gain can be significant (e.g. 2-3dB) at low BLER. Since NB-IoT UE can only support one HARQ process at a time, sequential transmission of transport blocks is necessary and this will increase the time to acquire the data for UEs in good coverage. However, it can be considered whether multiple HARQ processes can be supported to allow for interleaved transmission of transport blocks.
· Support ACK/NACK feedback by the UE. This allows the eNB to target more aggressive MCS level or number of repetitions and rely on retransmission to ensure correct reception at the UE.
Figure 2 illustrates SC-PTM performance and the required number of repetitions for each coverage level. For 1% BLER, 2 repetitions are needed for 144 dB MCL while 256 repetitions are needed for 164 dB MCL. This shows the significant increase in number of repetitions when the network does not know channel information related to the UEs and must target worst-case UEs. Furthermore, it can be seen that an additional 2-3 dB is needed to reach target BLER of 0.1% instead of 1%. Thus, it is very costly to use conservative NPDSCH number of repetitions.
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Figure 2. SC-MTCH (NPDSCH) performance.
As a result, it is more beneficial to consider transmitting multiple bundles as well as feedback. For example, link level results shows that using 2 bundle of 128 repetitions can improved performance by 1-1.5 dB compared to 1 bundle of 256 repetitions. Feedback can be used to indicate NACK which will allow the eNB to retransmit the packet. In the case of dynamic scheduling, it is also useful for link adaptation purpose as the eNB can adjust the MCS and number of repetitions for subsequent SC-PTM transmissions based on the feedback. Therefore, it is proposed to consider transmitting multiple bundles and/or feedback to ensure reliable SC-PTM reception.
Proposal 5: Consider transmitting multiple bundles of NPDSCH transmissions and/or enabling ACK/NACK feedback to ensure reliable SC-PTM reception.
With respect to providing feedback for SC-PTM, two possible options include:

OPTION 1:
Support higher layer feedback

Support UEs providing higher layer feedback by temporarily entering RRC_Connected mode between SC-PTM transmissions.  This feedback could be configured to be used by only a subset of UEs, e.g. NPRACH CE level 3, and only required to indicate a NACK.

· An advantage of this option is that it would provide the network with the flexibility to use either multicast or unicast for retransmissions.

· A disadvantage of this option is that it would require that there is sufficient time between SC-PTM transmissions for the IDLE_mode UE to establish an RRC connection and forward higher layer feedback before the next SC-PTM retransmission and the additional overhead associated with transition between IDLE_mode and RRC_Connected mode.

OPTION 2:
Support PRACH based feedback

A NPRACH preamble is used for UEs to indicate NACK in response to failed reception of a SC-MTCH HARQ process.  This feedback could be configured to be used by only a subset of UEs, e.g. NPRACH CE level 3, and not require a full RRC connection to be setup.
· An advantage of this approach would be that the UE can stay in IDLE_mode.

· A disadvantage of this approach, is that the network is forced to multicast retransmissions.

Proposal 6: Subsets of BL/CE UEs using SC-PTM in IDLE_mode, can be configured to provide physical-layer or higher-layer ACK/NACK feedback to the network to optimise retransmissions.  
4 Increasing Maximum TBS

One potential enhancement for SC-PTM is to increase the maximum TBS from 680 bits to around 1000 bits. The rationale is that since each transport block is larger, the segmentation overhead relative to each transport block will be smaller. Also, this introduces a higher MCS level which will benefit UEs in good channel condition. However, when repetition is required, there may not be any saving with higher TBS. At the same BLER operating point, using 1000 bits will require 1.7 dB more or equivalently 1.5 times repetition. However, the number of repetitions for NPDSCH is typically in step size of 3 dB with few exceptions ({1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}). In addition, doubling the number of repetitions may not result in 3 dB gain due to channel estimation losses. Therefore, the overhead may not be reduced when using larger transport block size. This is illustrated in Figure 3 below. In this figure, it is seen that it would be necessary to increase the number of repetitions from 256 to 512 for TBS=1000 bits to keep the BLER below 1%. In addition, it is also seen that when the number of repetitions increases from 256 to 512, the gain is approximately 2.5 dB instead of the expected 3 dB.
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Figure 3. SC-PTM (NPDSCH) performance with TBS=1000 bits.
Observation 1: Increasing the maximum TBS to 1000 bits may not lead to a meaningful reduction in overhead for coverage-limited UEs.
5 Conclusions

In this contribution, we consider numerous aspects of SC-MTCH transmission and make the following proposals and observations –

Proposal 1: SC-MTCH is scheduled by NPDCCH.
Proposal 2: Support both dynamic and semi-persistent scheduling for SC-MTCH.
Proposal 3: Consider reusing DCI format N2 for scheduling of SC-MTCH.
Proposal 4: Information about carrier(s) to be used for SC-MTCH can be provided in SCPTMConfiguration message.
Proposal 5: Consider transmitting multiple bundles of NPDSCH transmissions and/or enabling ACK/NACK feedback to ensure reliable SC-PTM reception.
Proposal 6: Subsets of BL/CE UEs using SC-PTM in IDLE_mode, can be configured to provide physical-layer or higher-layer ACK/NACK feedback to the network to optimise retransmissions.  
Observation 1: Increasing the maximum TBS to 1000 bits may not lead to a meaningful reduction in overhead for coverage-limited UEs.
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