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1. Introduction
In RAN#72 a new work item (WI) named enhancements of NB-IoT  [1] was introduced. The objectives of the WI include the support of positioning, multicast, non-anchor PRB enhancements, mobility and new power classes.

In RAN2#95 the following working assumptions were agreed [3]:
The Rel-13 SC-PTM architecture is assumed for multi-cast design for NB-IoT and MTC.
Reception of multi-cast in RRC_IDLE mode is required by both NB-IoT and MTC.
Reception of multi-cast in RRC_CONNECTED mode is not required for NB-IoT and FFS for MTC. 
Service continuity of multi-cast should be supported as in Rel-13 for idle mode for NB-IoT and 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.
The CE level information (e.g. repetitions) is one of the AS configurations for SC-MTCH.
UM mode is to be used for SC-PTM in NB-IoT and MTC.
To use SIB20 (or a somewhat modified variant) for SC-MCCH configuration (a new SIB20-NB for NB-IoT). 
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 document we provide our views on the support of multicast for Rel-14 NB-IOT UEs.

2. SC-PTM Control Flow
In Rel-13 legacy LTE, high level SC-PTM mechanism is as follows:
· SystemInformationBlockType20 communicates the possible sub-frames where the SC-MCCH can be transmitted.
· The SC-MCCH acquisition involves monitoring the following:
· DCI Format 1C sent with SC-N-RNTI which carries the SC-MCCH change notification.
· DC Format 1A sent with SC-RNTI which indicates the existence of SC-MCCH sent over PDSCH in that SF.
· Through SC-MCCH, the UE can acquire SCPTMConfiguration message which conveys the list of available multi-cast services, associated group RNTIs, and the corresponding sub-frames where the multi-cast data could be transmitted. The channel over which the multi-cast data is transmitted is referred as SC-MTCH.
· The SC-MTCH monitoring is done through DCI Format 1A scrambled with G-RNTI. The MTCH itself is transmitted through PDSCH scrambled with G-RNTI.
Such a flow enables power efficient operation as UE only monitors PDCCH with SC-N-RNTI occasionally unless a change is indicated or if it wasn’t decoded. It is hence desirable to adapt and reuse such mechanisms for Rel-14 NB-IOT.
Proposal 1: The SC-PTM mechanism of LTE Rel-13 should be re-used for Rel-14 NB-IOT with modifications where necessary considering UE’s limitations on complexity, power requirements and extended coverage.

2.1. SC-MCCH Notification for Rel-14 NB-IOT
2.1.1.  Subframes for SC-RNTI and SC-N-RNTI
In LTE Release 13, the sub-frames where the SC-MCCH change notification occurs coincide with the sub-frames where SC-MCCH could be transmitted. So, on these SFs UE would have to monitor two DCIs, with potentially different payload sizes, corresponding to SC-RNTI and SC-N-RNTI in the common search space. For NB-IOT UEs, it’s preferable to have a single search space scrambled by either SC-RNTI or SC-N-RNTI in a given sub-frame. The sub-frames where SC-RNTI and SC-N-RNTI DCIs shall be monitored can be mutually exclusive. The Figure 1 and Figure 2 represents an illustration on how a legacy MCCH notification is being monitored and possible modification for Rel-14 NB-IOT.
LTE Release 13:
[image: ]
[bookmark: _Ref462764384]Figure 1 Legacy SC-MCCH monitoring across SFs

Possible Modification:
[image: ]
[bookmark: _Ref462764385]Figure 2 SC-MCCH monitoring across SFs for Rel-14 NB-IOT

Proposal 2: The sub-frames where MCCH notification (SC-N-RNTI) message could be transmitted shall be mutually-exclusive to the sub-frames where MCCH (SC-RNTI) needs to be monitored.
However, if it’s going to be too restrictive to make MCCH notification and MCCH sub-frames to be separated, the search space could be made common by making payload size and scrambling to be same. The CRC-RNTI mask can differentiate SC-RNTI and SC-N-RNTI.
2.1.2.  SC-N-RNTI Payload
The UE monitors SC-MCCH with SC-RNTI if the change notification is not received or if it indicates a change. The LTE Release 13 SC-MCCH change notification is done effectively through a one bit flag which indicates if SC-MCCH has been changed since last notification period. If a UE isn’t able to acquire SC-MCCH (for example due to poor channel conditions) in the last notification period but has acquired prior to last notification period, then it would still have to monitor the SC-MCCH even though nothing might have changed. To extract more benefits of the change notification we propose that MCCH notification payload be extended to include:
· More bits of MCCH version number instead of a single bit change notification
· MCCH expiration period
The UE can utilize the decoded MCCH version number to check if corresponding MCCH was already decoded earlier so it can skip acquiring the MCCH in this modification period. 
Furthermore, to get additional power savings, we could also specify for NB-IOT UEs that SC-MCCH is expected to be monitored only if the SC-N-RNTI indicates a change.
Proposal 3: The MCCH notification (SC-N-RNTI) payload is extended to include MCCH version number and expiration period.

2.2. Remarks on SC-MCCH
In legacy LTE, SC-PTM has been designed considering multimedia (audio/video) kind of traffic. For “SW update” kind of use case, the network would tend to repeat the same multicast information over some time till all UEs in the N/W have received it. Adding multicast service value tag to the advertised multicast services in the SC-MCCH will enable UEs to determine from SC-MCCH itself if the data sent on SC-MTCH corresponding to this service is something it has already acquired.
Proposal 4: Include multicast service value tag in the SC-MCCH.


2.3. Control-less reception
In legacy LTE, SC-PTM is achieved by monitoring PDCCH scrambled by G-RNTI, which schedules the corresponding PDSCH. While this procedure offers some flexibility, it has some problems when applied to NB-IOT UEs:
· Narrowband operation: In general, a UE is not able to simultaneously monitor NPDCCH and receive PDSCH, so continuous reception of PDSCH is not feasible.
· Cross-subframe scheduling: In LTE a PDCCH in subframe N schedules a PDSCH in subframe N. Thus, the processing of PDCCH does not require any additional timing, and offers some flexibility to adjust the resources and/or TBS. In NB-IOT, however, an NPDCCH in subframe N schedules a PDSCH in subframe N+2. This fact, together with the previous narrowband operation constraint, reduces the achievable data rate by a factor of 1/3 (for each subframe of PDSCH, need one subframe of NPDCCH + guard subframe due to cross-subframe scheduling). A similar reasoning can be applied for coverage enhancement modes, where the repetitions due to NPDCCH can be a large overhead to the PDSCH reception. 
· Use case: The typical use case of broadcasting/multicast in LTE is multimedia reception. Depending on the used codec, the multimedia content may have variable bitrate, and thus it is beneficial to have the flexibility at the physical layer to change the TBS/scheduling accordingly. For NB-IOT, the typical use case is expected to be the delivery of a software update, so the network can calculate beforehand the amount of resources, TBS, repetitions, etc. needed for its delivery. 
In view of these issues, we propose to introduce control-less SC-PTM or reduced control SC-PTM for Rel-14 NB-IOT. 
Control-less SC-PTM: The necessary parameters (resource allocation, number of repetitions, TBS) can be obtained via SI. If N/W flexibility of PDSCH scheduling is a concern, the PDSCH CRC pass can be treated similar to NPDCCH CRC pass to determine its existence.
Reduced control SC-PTM: A single NPDCCH can schedule multiple back to back PDSCHs. The NPDCCH payload can indicate the number of PDSCHs corresponding to the NPDCCH. This reduces the control overhead relative to that for one NPDCCH per PDSCH.
Proposal 8: Introduce control-less or reduced control transmission for SC-PTM. For control-less case, the PDSCH CRC pass serve the purpose of NPDCCH CRC pass.

3. Handling of multiple coverage levels
NB-IOT devices can be very heterogeneous, and so can be their coverage level and data rate needs. For example, a metering device may require to transmit a couple of bytes per day and may be delay tolerant, while a surveillance camera may require a higher bandwidth and tight delay constraints. Similarly, there can be multiple devices (or types of devices) in different coverage levels that need to receive the same SC-PTM content. One straightforward way to enable this is to determine the number of repetitions for SC-PTM based on the worst case UE. UEs that are interested in the same content may also monitor that SC-PTM, but may incur in unnecessary energy consumption. For example, consider a UE that is able to receive PDSCH with 1 repetition, but the worst case UE requires 128 repetitions to decode. If the broadcast content requires 100 TB to be delivered, the good UE would be awake (i.e., out of deep sleep) for 12.673s to receive the whole content (assuming the TB are delivered in sequential order, without interleaving). If the SC-PTM transmission was targeting this particular UE, it would only need 0.1s to receive the same information.
Observation 1: If the number of repetitions for SC-PTM targets the worst case UE, UEs in good coverage may use more energy than necessary to receive SC-PTM.
One straightforward solution to this issue is to transmit the same content in multiple narrowbands with different repetition levels, but this would increase the network utilization. An intermediate solution is to combine different repetition levels in such a way that a UE is able to decode them by retuning among narrowbands. For example, consider the case of UEs with repetition level {1, 2, 4, 8}, and that the software update is delivered in a carousel-like manner (i.e., for a period of time the content is broadcast continuously). A UE in good coverage can tune to a higher coverage level, early decode, and move to a different narrowband to continue the reception. In Figure 3 we present an example of this type of structure. Consider all UEs start decoding in subframe 0, then the retuning sequence would be as follows:
· For UEs that need 8 repetitions, it stays in NB1 for the whole period
· For UEs that need 4 repetitions, it hops as follows:
· NB1 in SF 0-3.
· NB2 in SF 4-7
· NB1 in SF 8-11
· NB2 in SF 12-15
· For UEs that need 2 repetitions, it hops as follows:
· NB1 in SF 0-1
· NB2 in SF 2-5
· NB3 in SF 6-7
· For UEs that needs 1 repetition, it hops as follows:
· NB1 in SF0
· NB2 in SF 1-2
· NB3 in SF 3



[bookmark: _Ref462850043]Figure 3 Structure that allows for different coverage levels transmitted in an efficient way
With this scheme it is feasible to reduce the amount of used resources while enabling early decoding for good coverage UEs. This scheme requires only one HARQ process.


Scheme which can utilize multiple HARQ process:
There is an ongoing discussions to increase the number of HARQ process for Rel-14 NB-IOT [6]. We could utilize the HARQ capability of the Rel-14 NB-IOT UEs to reduce the number of sleep and wake up cycles. For an illustration, consider an example where four PDSCHs are being transmitted with repetition size of 8 on a pre-defined narrow band (shown in Figure 4):



[bookmark: _Ref462766796]Figure 4 Typical back to back PDSCH allocation

Here, PDSCH#0 is transmitted from SF#0; PDSCH#1 is transmitted from SF#8 and so on. Each PDSCH is transmitted with repetition equal to eight. A UE requiring less than eight SFs to decode would still have to wake up once for each packet. For instance a UE requiring only four repetitions would have to wakeup on SFs {[0 3], [8 11], [16 19]..}. So, irrespective of the coverage capability, all UEs would have to wake-up on all four occasions corresponding to each PDSCH. There would be warm-up cost associated at each wake-up. The UE’s overall power consumption can be reduced if number of wake-ups can be reduced. But this scheme does not require multiple narrow bands. 

If PDSCHs transmissions are re-ordered as shown in Figure 5:


[bookmark: _Ref462766801]Figure 5 PDSCH re-ordering to minimize UE wakeups

Repetition #0 of PDSCH #0 and #1 is transmitted first. Then repetition #1 of PDSCH #0 and #1 is transmitted. The process continues till repetition #7 is transmitted after which the PDSCH# 2 and PDSCH#3 is decoded. In this case, a UE requiring less than eight SFs to decode, for instance a UE requiring only four repetitions would have to wakeup on SFs [0 7] and decode PDSCH#0 and PDSCH#1. Similarly it would wakeup on SFs [16 to 23] to decode PDSCH#0 and PDSCH#1. We can see that the number of wakeups required would be half compared to the conventional approach. But the downside is it requires more than one HARQ process.

The raw-signal combining across sub-frames is still possible with a minor further modification as shown in Figure 6. 
[image: ]
[bookmark: _Ref462767016]Figure 6 PDSCH re-ordering to minimize UE wakeups and accommodating Nacc

In this approach, first Nacc number of repetitions are transmitted back to back before switching to a different PDSCH. These Nacc SFs can have same scrambling to enable raw-signal combing at receiver. Only those UEs which require less than Nacc number of sub-frames to decode would have gaps in this approach. But the gaps would be smaller (less than Nacc).
By employing the PDSCH re-ordering as illustrated in Figure 5 and Figure 6, the number of UE wakeups can be reduced by a factor of #HARQ process that UEs are capable of.

Proposal 6: Consider schemes like the one in Figure 3, Figure 5 and Figure 6 to convey information efficiently to different coverage levels

4. Summary
Proposal 1: The SC-PTM mechanism of LTE Rel-13 should be re-used for Rel-14 NB-IOT with modifications where necessary considering UE’s limitations on complexity, power requirements and extended coverage.
Proposal 2: The sub-frames where MCCH notification (SC-N-RNTI) message could be transmitted shall be mutually-exclusive to the sub-frames where MCCH (SC-RNTI) needs to be monitored.
Proposal 3: The MCCH notification (SC-N-RNTI) payload is extended to include MCCH version number and expiration period.
Proposal 4: Include multicast service value tag in the SC-MCCH.
Proposal 5: Introduce control-less or reduced control transmission for SC-PTM. For control-less case, the PDSCH CRC pass serve the purpose of NPDCCH CRC pass.
Observation 1: If the number of repetitions for SC-PTM targets the worst case UE, UEs in good coverage may use more energy than necessary to receive SC-PTM.
Proposal 6: Consider schemes like the one in Figure 3, Figure 5 and Figure 6 to convey information efficiently to different coverage levels
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								Contribution#		Company		Proposal

								R1-166299		Qualcomm		Proposal 1: Enable idle mode reception of SC-PTM
Proposal 2: Similarly to paging monitoring, a UE is not expected to receive SC-PTM while in connected mode. The eNB should release the connection to enable this monitoring.
Proposal 3: Introduce control-less transmission for SC-PTM.
Observation 1: If the number of repetitions for SC-PTM targets the worst case UE, UEs in good coverage may use more energy than necessary to receive SC-PTM.
Proposal 4: Consider schemes like the one in Figure 2 to convey information efficiently to different coverage levels

								R1-166537		Intel		Proposal 1
• The design of Type3-CSS [SC-MCCH] follows similar design principles as Type1-CSS for MPDCCH.
Proposal 2
• For the monitoring of Type3-CSS  [SC-MCCH] for MPDCCH, it is recommended that a UE is not expected to blindly decode two different DCIs. Design based on a single DCI and possibly also a single RNTI (SC-RNTI) should be considered.
Proposal 3
• RAN1 to discuss the need to support DCI with CRC scrambled with SC-N-RNTI.
Proposal 4
• The design of Type4-CSS for MPDCCH can be similar or even share partial configuration of Type3-CSS [SC-MCCH] for MPDCCH.
Proposal 5
• Simultaneous monitoring of USS or any existing CSS and Type3-CSS or Type4-CSS [SC-MTCH] for MPDCCH should be avoided.

								R1-166605		Nokia, ALU		
Observation 1:  The ability to support multiple SC-MTCHs targeted to different groups of BL/CE UEs should be retained.
Proposal 1: A cell supporting SC-PTM services for BL/CE UEs, supports 1 instance of the SC-MCCH specifically for all BL/CE UEs, irrespective of their coverage levels.
Proposal 2: All BL/CE UEs supporting SC-PTM, are able to decode the SC-MCCH even if it is configured for worst case Mode B operation and the UE is only a CEModeA mode capable UE. 
Proposal 3: A cell supporting SC-PTM services for BL/CE UEs, has the option to configure multiple SC-MTCHs targeted at different groups of BL/CE UEs.  
Proposal 4: A UE may belong to different SC-PTM groups depending on its coverage level.
Proposal 5: RAN2 is kindly requested to consider lengthening of the SC-MCCH modification period for BL/CE UEs.


								R1-166606		Nokia, ALU		Proposal 1: A new instance of the Type2-MPDCCH CSS, is configured to support the SC-MCCH SC-RNTI and SC-N-RNTI functions.  
Proposal 2: Additional configuration parameters (e.g. narrowband and starting subframe) to differentiate this SC-MCCH specific Type2-CSS from the existing Type2-CSS, are provided in SIB20.
Proposal 3: A new instance of the Type2-MPDCCH CSS search space can be configured to support each SC-MTCH defined.  
Proposal 4: The SC-MCCH SCPTMConfiguration message includes for each SC-MTCH, any additional scheduling information for the supporting MPDCCH search space.
Proposal 5: For the search spaces defined to support the SC-PTM, reuse existing eMTC DCI formats.

								R1-167160		Huawei, HiSilicon		Observation 1: Optimization on the SC-PTM procedure for MTC is necessary to save UE’s power consumption and improve the efficiency of resource utilization.
Proposal 1: One MPDCCH, i.e. a single DCI, can be used to indicate both SC-MCCH update and SC-MCCH scheduling.
Proposal 2: DCI format 6-2 can be regarded as the starting point for the control channel of SC-PTM transmission in FeMTC.
Proposal 3: Higher-layer feedback on multi-cast can be considered.

								R1-167320		ZTE		Proposal 1:Valid subframes for multicast transmission should be configured by SIB(s).
Proposal 2: Configuration of frequency hopping for multicast  MPDCCH is a cell-specific manner.
Proposal 3: Hopping granularity (Ych) and Frequency hopping pattern for MPDCCH for paging  in Rel-13 eMTC can be reused for multicast.
Proposal 4: For configuration of CSS for SC-MCCH scheduling, existing configuration (i.e., Rmax) of CSS for paging can be reused. For configuration of CSS for SC-MTCH scheduling, existing configuration (i.e., Rmax and G) of USS can be reused. 
Proposal 5: For CSS for multicast, the same candidate sets as CSS for paging in Rel-13 eMTC are monitored.
Proposal 6: The size and fields of DCI format 6-2 for paging can be reused for SC-MCCH and SC-MTCH scheduling as high priority.
Proposal 7: Further study is needed on feedback of multicast transmission for MTC.
Proposal 8: Existing SPS solutions in Rel-13 eMTC can be reused for multicast.
Proposal 9: If overlapping of CSS for multicast and USS/CSS for paging occurs, the UE will monitor CSS for multicast.
Proposal 10: Scheduling of unicast is allowed for the CSS for multicast not used for multicast transmission.


								R1-167669		E///

								R1-167670		E///		Observation 1 From a system point of view, it may be beneficial to provide support of flexible multicast service configurations, e.g., for different coverage levels.
Observation 2 Selection of repetition factor and MCS is a more complex procedure for multicast than unicast due to the different channel conditions of the receiving UEs. 

Proposal 1 Re-use existing PDSCH design for BL/CE UEs in the multicast design for BL/CE UEs. 
Proposal 2 It is not necessary to define new DCI format in RAN1 at this moment to support notifying UEs on SC-MCCH change. 
Proposal 3 Discuss whether to support simultaneous parallel multicasts to different BL/CE UEs allocated to multiple 6-PRB narrowbands .
Proposal 4 Discuss whether to support frequency hopping for multicast related transmissions.

								R1-168166		WF		A cell supporting FeMTC SC-PTM, supports a single SC-MCCH that all BL/CE UEs use to access SC-PTM services, irrespective of their coverage levels.
All BL/CE UEs supporting SC-PTM, are able to decode the SC-MCCH even if it is configured for worst case Mode B operation and the UE is only a CEModeA mode capable UE

A cell supporting FeMTC SC-PTM, has the option to configure multiple parallel SC-MTCH services.

FFS:      A BL/UE UE can receive SC-PTM services in:
      Idle mode only
      Connected mode only
      Either Idle or connected modes.

A MPDCCH search space is used to schedule the SC-MCCH.
     Both dynamic and SPS-like scheduling are supported
     FFS: If the SS reuses existing definition or is a new SS






Legacy

										SIB 20

														SystemInformationBlockType20-r13 ::= SEQUENCE {
 sc-mcch-RepetionPeriod-r13  ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256},
 sc-mcch-Offset-r13    INTEGER (0..10),
 sc-mcch-FirstSubframe-r13  INTEGER (0..9),
 sc-mcch-duration-r13    INTEGER (2..9) OPTIONAL,
 sc-mcch-ModificationPeriod-r13 ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, …
}

						CCH (CSS)				SCH (SC-MCCH)

						RNTI: 
SC-N-RNTI (and/or) 
SC-RNTI				RNTI: 
SC-N-RNTI (and/or) 
SC-RNTI				RNTI SC-RNTI or SC-N-RNTI (Notification RNTI)
PDSCH contains: SC-MCCH, SCPTMConfiguration message 
SCPTMConfiguration-r13 ::=  SEQUENCE {
 sc-mtch-InfoList-r13   SC-MTCH-InfoList-r13,
 scptm-NeighbourCellList-r13  SCPTM-NeighbourCellList-r13 
}
The IE SC-MTCH-InfoList provides the list of ongoing MBMS sessions transmitted via SC-MRB and for each MBMS session, the associated G-RNTI and scheduling information

Also contains MTCH scheduling information
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				MCS is needed?

				Can we do some fancy stuff with MPDCCH.

				Overlap with SC-N-RNTI with P-RNTI will help in reducing the wakeups?





Sheet5

				Not utilizing the HARQ Process, any valid Nacc.

		SF#		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

		PDSCH# (Not utilizing the # HARQ Process)		0		0		0		0		0		0		0		0		1		1		1		1		1		1		1		1		2		2		2		2		2		2		2		2		3		3		3		3		3		3		3		3

		Rep#		0		1		2		3		4		5		6		7		0		1		2		3		4		5		6		7		0		1		2		3		4		5		6		7		0		1		2		3		4		5		6		7

		UE Requiring 1 SF (Four wakeups)

		UE Requiring 2 SFs (Four wakeups)

		UE Requiring 4 SFs (Four wakeups)

		UE Requiring 8 SFs

				With # HARQ Process = 2, Nacc = 2

		SF#		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

		Reshuffle PDSCHs (if # HARQ Process is 2)		0		0		1		1		0		0		1		1		0		0		1		1		0		0		1		1		2		2		3		3		2		2		3		3		2		2		3		3		2		2		3		3

		Rep#		0		1		0		1		2		3		2		3		4		5		4		5		6		7		6		7		0		1		0		1		2		3		2		3		4		5		4		5		6		7		6		7

		UE Requiring 1 SF (Two Wake ups)

		UE Requiring 2 SFs (Two Wake ups)

		UE Requiring 4 SFs (Two Wake ups)

		UE Requiring 8 SFs



				With # HARQ Process = 4, Nacc = 2

		SF#		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

		Reshuffle PDSCHs (if # HARQ Process is 4)		0		0		1		1		2		2		3		3		0		0		1		1		2		2		3		3		0		0		1		1		2		2		3		3		0		0		1		1		2		2		3		3

		Rep#		0		1		0		1		0		1		0		1		2		3		2		3		2		3		2		3		4		5		4		5		4		5		4		5		6		7		6		7		6		7		6		7

		UE Requiring 1 SF (One Wake up)

		UE Requiring 2 SFs (One Wake up)

		UE Requiring 4 SFs (One Wake up)

		UE Requiring 8 SFs



UE could stay awake, 
since gaps are smaller.



Sheet5 (2)

				Not utilizing the HARQ Process, any valid Nacc.

		SF#		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

		PDSCH# (Not utilizing the # HARQ Process)		0		0		0		0		0		0		0		0		1		1		1		1		1		1		1		1		2		2		2		2		2		2		2		2		3		3		3		3		3		3		3		3

		Rep#		0		1		2		3		4		5		6		7		0		1		2		3		4		5		6		7		0		1		2		3		4		5		6		7		0		1		2		3		4		5		6		7

		UE Requiring 1 SF (Four wakeups)

		UE Requiring 2 SFs (Four wakeups)

		UE Requiring 4 SFs (Four wakeups)

		UE Requiring 8 SFs

				With # HARQ Process = 2, Nacc = 1

		SF#		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

		Reshuffle PDSCHs (if # HARQ Process is 2)		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		2		3		2		3		2		3		2		3		2		3		2		3		2		3		2		3

		Rep#		0		0		1		1		2		2		3		3		4		4		5		5		6		6		7		7		0		0		1		1		2		2		3		3		4		4		5		5		6		6		7		7

		UE Requiring 1 SF (Two Wake ups)

		UE Requiring 2 SFs (Two Wake ups)

		UE Requiring 4 SFs (Two Wake ups)

		UE Requiring 8 SFs



				With # HARQ Process = 4, Nacc = 2

		SF#		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

		Reshuffle PDSCHs (if # HARQ Process is 4)		0		1		2		3		0		1		2		3		0		1		2		3		0		1		2		3		0		1		2		3		0		1		2		3		0		1		2		3		0		1		2		3

		Rep#		0		0		0		0		1		1		1		1		2		2		2		2		3		3		3		3		4		4		4		4		5		5		5		5		6		6		6		6		7		7		7		7

		UE Requiring 1 SF (One Wake up)

		UE Requiring 2 SFs (One Wake up)

		UE Requiring 4 SFs (One Wake up)

		UE Requiring 8 SFs
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SF# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Reshuffle PDSCHs (if # HARQ Process is 2) 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 2 3 2 3 2 3 2 3 2 3 2 3 2 3 2 3

Rep# 0 0 1 1 2 2 3 3 4 4 5 5 6 6 7 7 0 0 1 1 2 2 3 3 4 4 5 5 6 6 7 7

UE Requiring 1 SF (Two Wake ups)

UE Requiring 2 SFs (Two Wake ups)

UE Requiring 4 SFs (Two Wake ups)

UE Requiring 8 SFs

SF# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Reshuffle PDSCHs (if # HARQ Process is 4) 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3

Rep# 0 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4 4 5 5 5 5 6 6 6 6 7 7 7 7

UE Requiring 1 SF (One Wake up)

UE Requiring 2 SFs (One Wake up)

UE Requiring 4 SFs (One Wake up)

UE Requiring 8 SFs

With # HARQ Process = 2, Nacc = 1

With # HARQ Process = 4, Nacc = 1
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Contributions

								Contribution#		Company		Proposal

								R1-166299		Qualcomm		Proposal 1: Enable idle mode reception of SC-PTM
Proposal 2: Similarly to paging monitoring, a UE is not expected to receive SC-PTM while in connected mode. The eNB should release the connection to enable this monitoring.
Proposal 3: Introduce control-less transmission for SC-PTM.
Observation 1: If the number of repetitions for SC-PTM targets the worst case UE, UEs in good coverage may use more energy than necessary to receive SC-PTM.
Proposal 4: Consider schemes like the one in Figure 2 to convey information efficiently to different coverage levels

								R1-166537		Intel		Proposal 1
• The design of Type3-CSS [SC-MCCH] follows similar design principles as Type1-CSS for MPDCCH.
Proposal 2
• For the monitoring of Type3-CSS  [SC-MCCH] for MPDCCH, it is recommended that a UE is not expected to blindly decode two different DCIs. Design based on a single DCI and possibly also a single RNTI (SC-RNTI) should be considered.
Proposal 3
• RAN1 to discuss the need to support DCI with CRC scrambled with SC-N-RNTI.
Proposal 4
• The design of Type4-CSS for MPDCCH can be similar or even share partial configuration of Type3-CSS [SC-MCCH] for MPDCCH.
Proposal 5
• Simultaneous monitoring of USS or any existing CSS and Type3-CSS or Type4-CSS [SC-MTCH] for MPDCCH should be avoided.

								R1-166605		Nokia, ALU		
Observation 1:  The ability to support multiple SC-MTCHs targeted to different groups of BL/CE UEs should be retained.
Proposal 1: A cell supporting SC-PTM services for BL/CE UEs, supports 1 instance of the SC-MCCH specifically for all BL/CE UEs, irrespective of their coverage levels.
Proposal 2: All BL/CE UEs supporting SC-PTM, are able to decode the SC-MCCH even if it is configured for worst case Mode B operation and the UE is only a CEModeA mode capable UE. 
Proposal 3: A cell supporting SC-PTM services for BL/CE UEs, has the option to configure multiple SC-MTCHs targeted at different groups of BL/CE UEs.  
Proposal 4: A UE may belong to different SC-PTM groups depending on its coverage level.
Proposal 5: RAN2 is kindly requested to consider lengthening of the SC-MCCH modification period for BL/CE UEs.


								R1-166606		Nokia, ALU		Proposal 1: A new instance of the Type2-MPDCCH CSS, is configured to support the SC-MCCH SC-RNTI and SC-N-RNTI functions.  
Proposal 2: Additional configuration parameters (e.g. narrowband and starting subframe) to differentiate this SC-MCCH specific Type2-CSS from the existing Type2-CSS, are provided in SIB20.
Proposal 3: A new instance of the Type2-MPDCCH CSS search space can be configured to support each SC-MTCH defined.  
Proposal 4: The SC-MCCH SCPTMConfiguration message includes for each SC-MTCH, any additional scheduling information for the supporting MPDCCH search space.
Proposal 5: For the search spaces defined to support the SC-PTM, reuse existing eMTC DCI formats.

								R1-167160		Huawei, HiSilicon		Observation 1: Optimization on the SC-PTM procedure for MTC is necessary to save UE’s power consumption and improve the efficiency of resource utilization.
Proposal 1: One MPDCCH, i.e. a single DCI, can be used to indicate both SC-MCCH update and SC-MCCH scheduling.
Proposal 2: DCI format 6-2 can be regarded as the starting point for the control channel of SC-PTM transmission in FeMTC.
Proposal 3: Higher-layer feedback on multi-cast can be considered.

								R1-167320		ZTE		Proposal 1:Valid subframes for multicast transmission should be configured by SIB(s).
Proposal 2: Configuration of frequency hopping for multicast  MPDCCH is a cell-specific manner.
Proposal 3: Hopping granularity (Ych) and Frequency hopping pattern for MPDCCH for paging  in Rel-13 eMTC can be reused for multicast.
Proposal 4: For configuration of CSS for SC-MCCH scheduling, existing configuration (i.e., Rmax) of CSS for paging can be reused. For configuration of CSS for SC-MTCH scheduling, existing configuration (i.e., Rmax and G) of USS can be reused. 
Proposal 5: For CSS for multicast, the same candidate sets as CSS for paging in Rel-13 eMTC are monitored.
Proposal 6: The size and fields of DCI format 6-2 for paging can be reused for SC-MCCH and SC-MTCH scheduling as high priority.
Proposal 7: Further study is needed on feedback of multicast transmission for MTC.
Proposal 8: Existing SPS solutions in Rel-13 eMTC can be reused for multicast.
Proposal 9: If overlapping of CSS for multicast and USS/CSS for paging occurs, the UE will monitor CSS for multicast.
Proposal 10: Scheduling of unicast is allowed for the CSS for multicast not used for multicast transmission.


								R1-167669		E///

								R1-167670		E///		Observation 1 From a system point of view, it may be beneficial to provide support of flexible multicast service configurations, e.g., for different coverage levels.
Observation 2 Selection of repetition factor and MCS is a more complex procedure for multicast than unicast due to the different channel conditions of the receiving UEs. 

Proposal 1 Re-use existing PDSCH design for BL/CE UEs in the multicast design for BL/CE UEs. 
Proposal 2 It is not necessary to define new DCI format in RAN1 at this moment to support notifying UEs on SC-MCCH change. 
Proposal 3 Discuss whether to support simultaneous parallel multicasts to different BL/CE UEs allocated to multiple 6-PRB narrowbands .
Proposal 4 Discuss whether to support frequency hopping for multicast related transmissions.

								R1-168166		WF		A cell supporting FeMTC SC-PTM, supports a single SC-MCCH that all BL/CE UEs use to access SC-PTM services, irrespective of their coverage levels.
All BL/CE UEs supporting SC-PTM, are able to decode the SC-MCCH even if it is configured for worst case Mode B operation and the UE is only a CEModeA mode capable UE

A cell supporting FeMTC SC-PTM, has the option to configure multiple parallel SC-MTCH services.

FFS:      A BL/UE UE can receive SC-PTM services in:
      Idle mode only
      Connected mode only
      Either Idle or connected modes.

A MPDCCH search space is used to schedule the SC-MCCH.
     Both dynamic and SPS-like scheduling are supported
     FFS: If the SS reuses existing definition or is a new SS






Legacy

										SIB 20

														SystemInformationBlockType20-r13 ::= SEQUENCE {
 sc-mcch-RepetionPeriod-r13  ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, rf256},
 sc-mcch-Offset-r13    INTEGER (0..10),
 sc-mcch-FirstSubframe-r13  INTEGER (0..9),
 sc-mcch-duration-r13    INTEGER (2..9) OPTIONAL,
 sc-mcch-ModificationPeriod-r13 ENUMERATED {rf2, rf4, rf8, rf16, rf32, rf64, rf128, …
}

						CCH (CSS)				SCH (SC-MCCH)

						RNTI: 
SC-N-RNTI (and/or) 
SC-RNTI				RNTI: 
SC-N-RNTI (and/or) 
SC-RNTI				RNTI SC-RNTI or SC-N-RNTI (Notification RNTI)
PDSCH contains: SC-MCCH, SCPTMConfiguration message 
SCPTMConfiguration-r13 ::=  SEQUENCE {
 sc-mtch-InfoList-r13   SC-MTCH-InfoList-r13,
 scptm-NeighbourCellList-r13  SCPTM-NeighbourCellList-r13 
}
The IE SC-MTCH-InfoList provides the list of ongoing MBMS sessions transmitted via SC-MRB and for each MBMS session, the associated G-RNTI and scheduling information

Also contains MTCH scheduling information

						CCH (CSS)				SCH (SC-MTCH)

						RNTI: G-RNTI				RNTI: G-RNTI				RNTI G-RNTI
Actual Data



Provides the set of SFs to monitor

Provides the multicast services and set of SFs to monitor



Options on Table

						Variants of options





						SIB x				SIB x				SIB x



						CCH (CSS)
SC-RNTI				CCH (CSS)
G-RNTI				SCH (SC-MTCH)
G-RNTI



						SCH (SC-MCCH)
SC-RNTI				SCH (SC-MTCH)
G-RNTI



						CCH (CSS)
G-RNTI



						SCH (SC-MTCH)
G-RNTI







						Explicit Valid SF Bit map?

						Only idle mode or including connected mode?



Another enhancement, Control could be like where we get allocation for multiple “TBs”
SPS Kind



General Thoughts

								# TBs = 100

								Max Rep = 8

				NB0		TB0		TB0		TB0		TB0		TB0		TB0		TB0		TB0		TB1		TB1		TB1		TB1		TB1		TB1		TB1		TB1		TB2		TB2		TB2		TB2		TB2		TB2		TB2		TB2

						Rep0		Rep1		Rep2		Rep3		Rep4		Rep5		Rep6		Rep7		Rep0		Rep1		Rep2		Rep3		Rep4		Rep5		Rep6		Rep7		Rep0		Rep1		Rep2		Rep3		Rep4		Rep5		Rep6		Rep7

				Wakeups for UE Requiring 1 SF
(100 wakeups, duty cycle 1/8)

				Wakeups for UE Requiring 2 SFs
(100 wakeups, duty cycle 2/8)

				Can we exploit HARQ ID?, # HARQ Process = 4		TB0		TB1		TB2		TB3		TB0		TB1		TB2		TB3		TB0		TB1		TB2		TB3		TB0		TB1		TB2		TB3

						Rep0		Rep0		Rep0		Rep0		Rep1		Rep1		Rep1		Rep1		Rep2		Rep2		Rep2		Rep2		Rep3		Rep3		Rep3		Rep3

				Wakeups for UE Requiring 1 SF
(25 wakeups, duty cycle 4/32)



				Wakeups for UE Requiring 2 SFs
(25 wakeups, duty cycle 8/32)

				MCS is needed?

				Can we do some fancy stuff with MPDCCH.

				Overlap with SC-N-RNTI with P-RNTI will help in reducing the wakeups?





Sheet5

				Not utilizing the HARQ Process, any valid Nacc.

		SF#		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

		PDSCH# (Not utilizing the # HARQ Process)		0		0		0		0		0		0		0		0		1		1		1		1		1		1		1		1		2		2		2		2		2		2		2		2		3		3		3		3		3		3		3		3

		Rep#		0		1		2		3		4		5		6		7		0		1		2		3		4		5		6		7		0		1		2		3		4		5		6		7		0		1		2		3		4		5		6		7

		UE Requiring 1 SF (Four wakeups)

		UE Requiring 2 SFs (Four wakeups)

		UE Requiring 4 SFs (Four wakeups)

		UE Requiring 8 SFs

				With # HARQ Process = 2, Nacc = 2

		SF#		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

		Reshuffle PDSCHs (if # HARQ Process is 2)		0		0		1		1		0		0		1		1		0		0		1		1		0		0		1		1		2		2		3		3		2		2		3		3		2		2		3		3		2		2		3		3

		Rep#		0		1		0		1		2		3		2		3		4		5		4		5		6		7		6		7		0		1		0		1		2		3		2		3		4		5		4		5		6		7		6		7

		UE Requiring 1 SF (Two Wake ups)

		UE Requiring 2 SFs (Two Wake ups)

		UE Requiring 4 SFs (Two Wake ups)

		UE Requiring 8 SFs



				With # HARQ Process = 4, Nacc = 2

		SF#		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

		Reshuffle PDSCHs (if # HARQ Process is 4)		0		0		1		1		2		2		3		3		0		0		1		1		2		2		3		3		0		0		1		1		2		2		3		3		0		0		1		1		2		2		3		3

		Rep#		0		1		0		1		0		1		0		1		2		3		2		3		2		3		2		3		4		5		4		5		4		5		4		5		6		7		6		7		6		7		6		7

		UE Requiring 1 SF (One Wake up)

		UE Requiring 2 SFs (One Wake up)

		UE Requiring 4 SFs (One Wake up)

		UE Requiring 8 SFs



UE could stay awake, 
since gaps are smaller.



Sheet5 (2)

				Not utilizing the HARQ Process, any valid Nacc.

		SF#		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

		PDSCH# (Not utilizing the # HARQ Process)		0		0		0		0		0		0		0		0		1		1		1		1		1		1		1		1		2		2		2		2		2		2		2		2		3		3		3		3		3		3		3		3

		Rep#		0		1		2		3		4		5		6		7		0		1		2		3		4		5		6		7		0		1		2		3		4		5		6		7		0		1		2		3		4		5		6		7

		UE Requiring 1 SF (Four wakeups)

		UE Requiring 2 SFs (Four wakeups)

		UE Requiring 4 SFs (Four wakeups)

		UE Requiring 8 SFs

				With # HARQ Process = 2, Nacc = 1

		SF#		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

		Reshuffle PDSCHs (if # HARQ Process is 2)		0		1		0		1		0		1		0		1		0		1		0		1		0		1		0		1		2		3		2		3		2		3		2		3		2		3		2		3		2		3		2		3

		Rep#		0		0		1		1		2		2		3		3		4		4		5		5		6		6		7		7		0		0		1		1		2		2		3		3		4		4		5		5		6		6		7		7

		UE Requiring 1 SF (Two Wake ups)

		UE Requiring 2 SFs (Two Wake ups)

		UE Requiring 4 SFs (Two Wake ups)

		UE Requiring 8 SFs



				With # HARQ Process = 4, Nacc = 1

		SF#		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31

		Reshuffle PDSCHs (if # HARQ Process is 4)		0		1		2		3		0		1		2		3		0		1		2		3		0		1		2		3		0		1		2		3		0		1		2		3		0		1		2		3		0		1		2		3

		Rep#		0		0		0		0		1		1		1		1		2		2		2		2		3		3		3		3		4		4		4		4		5		5		5		5		6		6		6		6		7		7		7		7

		UE Requiring 1 SF (One Wake up)

		UE Requiring 2 SFs (One Wake up)

		UE Requiring 4 SFs (One Wake up)

		UE Requiring 8 SFs
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SF# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Reshuffle PDSCHs (if # HARQ Process is 2) 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 2 2 3 3 2 2 3 3 2 2 3 3 2 2 3 3

Rep# 0 1 0 1 2 3 2 3 4 5 4 5 6 7 6 7 0 1 0 1 2 3 2 3 4 5 4 5 6 7 6 7

UE Requiring 1 SF (Two Wake ups)

UE Requiring 2 SFs (Two Wake ups)

UE Requiring 4 SFs (Two Wake ups)

UE Requiring 8 SFs

SF# 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Reshuffle PDSCHs (if # HARQ Process is 4) 0 0 1 1 2 2 3 3 0 0 1 1 2 2 3 3 0 0 1 1 2 2 3 3 0 0 1 1 2 2 3 3

Rep# 0 1 0 1 0 1 0 1 2 3 2 3 2 3 2 3 4 5 4 5 4 5 4 5 6 7 6 7 6 7 6 7

UE Requiring 1 SF (One Wake up)

UE Requiring 2 SFs (One Wake up)

UE Requiring 4 SFs (One Wake up)

UE Requiring 8 SFs

With # HARQ Process = 2, Nacc = 2

With # HARQ Process = 4, Nacc = 2


