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1 Introduction

The WID of further NB-IoT enhancements was approved in RAN#75[1] and reviewed in RAN#76[2], RAN#77[3]. In which, the following objective is included:

Further latency and power consumption reduction

· Power consumption reduction for physical channels

· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]

During RAN2 #99 meeting, several SPS solutions were proposed as follows:

1. SPS for UE in Idle/PSM mode[4][5];

2. SPS for UE in RRC_CONNECTED mode[6][7][8];

3. SPS for SC-MTCH and SC-MCCH[7];

During RAN2 #99bis meeting, the following agreements are approved [9]:

· We support SPS for SC-PTM (note that there would be differences to legacy unicast SPS)

· From R2 perspective it seems feasible to design SPS as an alternative to PUCCH for D-SR (+BSR) in connected mode. However there may be performance differences between SPS and Physical Layer solution, e.g. overhead, which will not be evaluated in R2. 

· R2 leave it to R1 to decide what to do, e.g. whether to develop a physical channel for D-SR, or request R2 to develop a SPS solution for D-SR (+BSR). 

During RAN2 #101 meeting, the following agreements are approved [10]:
· Will not support Connected mode SPS for Rel-15, except for UL SPS for SR/BSR if RAN1 requests this (as earlier indicated in LS).
· Will not support Idle mode SPS for Rel-15.
Based on the agreements, in this paper, we will discuss the related issues of SPS for SC-PTM and give our proposals.
2 Considerations on SPS for SC-PTM

In Rel-14 NB-IoT, the SC-PTM scheduling is shown in Figure 1, in which:

· The SC-MCCH configuration information is provided in SIB20, which mainly includes the information needed to acquire the SC-MCCH, e.g. npdcch-SC-MCCH-Config, sc-mcch-CarrierConfig, sc-mcch-RepetitionPeriod, sc-mcch-Offset, sc-mcch-ModificationPeriod, sc-mcch-SchedulingInfo(including DRX related parameters). 
· The SC-MTCH configuration information is provided in SC-MCCH, which mainly indicates the MBMS sessions that are ongoing as well as the (corresponding) information on when each session may be scheduled, i.e.scheduling period, scheduling window, start offset and the information about the neighbour cells transmitting the MBMS sessions which are ongoing on the current cell, e.g. sc-mtch-InfoList(sc-mtch-CarrierConfig, mbmsSessionInfo, g-RNTI, SC-MTCH-SchedulingInfo(including DRX related parameters), schedulingPeriodStartOffsetSCPTM, npdcch-StartSF-SC-MTCH, npdcch-Offset-SC-MTCH, ), scptm-NeighbourCellList.
· Both SC-MCCH and SC-MTCH are scheduled dynamically by NPDCCH, with the Type1A-NPDCCH common search space and Type2A-NPDCCH common search space separately.
· A UE is not required to monitor Type2A-NPDCCH common search space in the same subframe in which it monitors Type1A-NPDCCH common search space.

· UE is not required to monitor Type1A-NPDCCH common search space in subframes in which the UE receives NPDSCH assigned by NPDCCH with DCI CRC scrambled by SC-RNTI.

· UE is not required to monitor Type2A-NPDCCH common search space in subframes in which the UE receives NPDSCH assigned by NPDCCH with DCI CRC scrambled by G-RNTI or SC-RNTI.
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Figure 1

Here monitoring NPDCCH is always needed before reception of SC-MCCH and SC-MTCH, which consumes the UE power. In RAN2 #99bis meeting, it is agreed to support SPS for SC-PTM for the UE power saving. To introduce SPS for SC-PTM in NB-IoT, the following topics should be discussed:

· Whether SPS would be used for SC-MTCH, or SC-MCCH, or both. 
· What resource would be semi-persistent scheduled, that will be used to decide whether NPDCCH scheduling is needed or what NPDCCH DCI format is needed.

· When to use the SPS for SC-PTM

· How to guarantee the backward compatibility for legacy UE. 

#Issue 1: Whether SPS would be used for SC-MTCH, or SC-MCCH, or both

Taken into account that SC-MTCH and SC-MCCH are both scheduled by NPDCCH, but the data volume of SC-MCCH is small and the data can be transmitted in one TB in most cases, the gain of using SPS for SC-MCCH is not evident. 

The SC-PTM data is mainly carried on SC-MTCH. UE should monitor the SC-MTCH search space (Type2A-NPDCCH common search space) based on the SC-MTCH configuration to receive the MTCH. UE cannot decide when the NPDCCH for SC-MTCH scheduling will be received, so the SC-MTCH search space should be monitored during the SC-MTCH on duration, which costs extra UE power, especially for the enhanced coverage scenarios in which more SC-MTCH repetitions are needed. From this perspective, it can be considered to introduce SPS for SC-MTCH for UE power saving.

Proposal 1: SPS for SC-PTM would be only introduced for SC-MTCH. 

#Issue 2: SPS mechanism selection for SC-MTCH

There would have several options for SPS mechanism for SC-MTCH:

Option-1: Reusing legacy SPS mechanism

In legacy SPS, the SPS interval is configured to UE. The SPS activation/deactivation is indicated by pre-defined NPDCCH DCI. During SPS activation duration, the MAC entity shall consider that the assignment occurs sequentially in the pre-defined subframe based on SPS interval in order to reduce the NPDCCH monitoring. 

The related specification change for this option is shown in Annex section A.1.

Option-2: Single DCI schedules multiple TBs 

With this option, different TBs are scheduled within the same radio resource, which are scheduled by legacy NPDCCH DCI. But the TB interval and TB number are configured by SC-MCCH.

With that TB interval and TB number are configured for same scheduled radio resource, the NPDCCH monitoring can be reduced also.

The related specification change for this option is shown in Annex section A.2.

Option-3: NPDCCH-less SC-MTCH
The SC-MTCH is transmitted with RLC UM mode without Ack/Nack, re-transmission triggered by Nack is not required. And the data volume and TBS etc. for MBMS sessions are all static, which can be known in eNB before SC-MTCH scheduling. Based on these observations, we think it’s possible to assign in advance all the SC-MTCH resources (e.g Scheduling interval, Resource assignment, Modulation and coding scheme, Scheduling start and stop time, Repetition number etc.) and configure these SC-MTCH resources through SC-MCCH. Such option can be seen as NPDCCH-less SC-MTCH. 

As we know, SC-MCCH change may happen during SC-MTCH transmission. R14 SC-PTM for eMTC and NB-IoT have introduced a new SC-MCCH change notification(a 2-bit bitmap, when the LSB set to '1', indicates the change of the on-going MBMS service and when the MSB set to '1', indicates the start of new MBMS service(s)) in the PDCCH which schedules the SC-MTCH. For NPDCCH-less SC-MTCH, How to deal with such SC-MCCH change indication needs further consideration. 

Since SC-MCCH modification can only happen per SC-MCCH modification period(e.g indicated by sc-mcch-ModificationPeriod IE in SIB20), we think NPDCCH monitoring for only SC-MCCH change notification can be kept and performed with a very large NPDCCH period(e.g. the same as SC-MCCH modification period). That is, one shot NPDCCH monitoring for SC-MCCH change indication is performed before the SC-MCCH change period boundaries. At other time period, the UE will use preconfigured SC-MTCH scheduling information to receive a MBMS session. 
The related specification change for this option is shown in Annex section A.3.

The benefits and impacts comparison between the three options is as follows:

	
	Option-1
	Option-2
	Option-3

	DCI overhead
	High
	Medium
	Low

	Reliability
	Low
	Medium
	High

	Power consumption 
	Medium
	High
	Low

	Scheduling flexibility
	Low
	Low
	Low


For the option-1 and option-2, if the UE fails to detect NPDCCH DCI, the TBs over SC-MTCH will be lost. For the option-3, the UE does not need NPDCCH DCI detection for SC-MTCH reception and only need NPDCCH with large NPDCCH period for SC-MCCH change monitoring, so the option-3 can minimize DCI overhead, decrease UE power consumption and bring high reception reliability. Moreover, when SPS is used, it’s somewhat difficult to compare the impacts on the scheduling flexibility for the different options. But at least we think the difference for scheduling flexibility among the three options would be very small. 

Based on these observations and taken into account that introducing SPS for SC-PTM is mainly for UE power consumption reduction, option-3 is more preferred.    

Proposal 2: It’s suggested to introduce NPDCCH-less SC-MTCH. 

Proposal 2a: It’s suggested to perform one shot NPDCCH monitoring for only acquiring SC-MCCH change indication before the SC-MCCH change period boundaries when NPDCCH-less SC-MTCH is used.
#Issue 3: When to use the SPS for SC-PTM

Because SC-PTM is supported only in idle mode for NB-IoT and is for multiple UEs, the UE capability report of supporting SPS for SC-PTM is not needed.

Taken into account that legacy SC-PTM should still be supported, and SPS for SC-PTM would be used as much as possible for UE power saving, it can be hard-coded for UE that the reception of SPS for SC-PTM can only be used when both UE and eNB support the SPS for SC-PTM. UE can know whether SPS for SC-PTM is supported by itself and can know whether the eNB is using the SPS transmission for SC-PTM based on SPS parameters in SC-MCCH.

Proposal 3: The reception of SPS should be used when both UE and eNB support SPS for SC-PTM. 

#Issue 4: How to guarantee the backward compatibility for legacy UE 

Since the UE would not report its capability of supporting SPS for SC-PTM to the eNB, whether to activate the SPS for SC-PTM should be decided by O&M. From the specification point of view, activating the legacy SC-PTM mechanism only, activating the SPS for SC-PTM mechanism only, or activating both of them simultaneously should all be supported in eNB. When the legacy SC-PTM and the SPS for SC-PTM are both activated, whether they use the same SC-MTCH radio resource is up to eNB implementation.
Proposal 4: Activating the legacy SC-PTM mechanism only, activating the SPS for SC-PTM mechanism only, or activating both of them simultaneously should all be supported by eNB. 

Proposal 5: When the legacy SC-PTM and the SPS for SC-PTM are both activated, whether they use the same SC-MTCH radio resource is up to eNB implementation.

3 Conclusions

Based on the analysis in this paper, we have the following proposals:

Proposal 1: SPS for SC-PTM would be only introduced for SC-MTCH.

Proposal 2: It’s suggested to introduce NPDCCH-less SC-MTCH. 

Proposal 2a: It’s suggested to perform one shot NPDCCH monitoring for only acquiring SC-MCCH change indication before the SC-MCCH change period boundaries when NPDCCH-less SC-MTCH is used.
Proposal 3: The reception of SPS should be used when both UE and eNB support SPS for SC-PTM.

Proposal 4: Activating the legacy SC-PTM mechanism only, activating the SPS for SC-PTM mechanism only, or activating both of them simultaneously should all be supported by eNB. 

Proposal 5: When the legacy SC-PTM and the SPS for SC-PTM are both activated, whether they use the same SC-MTCH radio resource is up to eNB implementation.
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Annex
[Notes: the red color text is added referring current specification text]
A.1 Option-1 related draft CR

	36.331:

–
SC-MTCH-InfoList-NB

The IE SC-MTCH-InfoList-NB provides the list of ongoing MBMS sessions transmitted via SC-MRB and for each MBMS session, the associated G-RNTI and scheduling information.

SC-MTCH-InfoList-NB information element

-- ASN1START

SC-MTCH-InfoList-NB-r14 ::=


SEQUENCE (SIZE (0.. maxSC-MTCH-NB-r14)) OF SC-MTCH-Info-NB-r14

SC-MTCH-Info-NB-r14 ::= 



SEQUENCE
{


sc-mtch-CarrierConfig-r14


CHOICE {



dl-CarrierConfig-r14




DL-CarrierConfigCommon-NB-r14,



dl-CarrierIndex-r14




INTEGER (0.. maxNonAnchorCarriers-NB-r14)


},


mbmsSessionInfo-r14




MBMSSessionInfo-r13,


g-RNTI-r14






BIT STRING(SIZE(16)),


sc-mtch-SchedulingInfo-r14


SC-MTCH-SchedulingInfo-NB-r14

OPTIONAL,
-- Need OP


sc-mtch-NeighbourCell-r14


BIT STRING (SIZE(maxNeighCell-SCPTM-NB-r14))
OPTIONAL,
-- Need OP


npdcch-NPDSCH-MaxTBS-SC-MTCH-r14

ENUMERATED {n680, n2536},


npdcch-NumRepetitions-SC-MTCH-r14
ENUMERATED {r1, r2, r4, r8, r16, 














r32, r64, r128, r256, 














r512, r1024, r2048, spare4, 














spare3, spare2, spare1},


npdcch-StartSF-SC-MTCH-r14


ENUMERATED {v1dot5, v2, v4, v8,














v16, v32, v48, v64},


npdcch-Offset-SC-MTCH-r14


ENUMERATED {zero, oneEighth, oneQuarter,














threeEighth, oneHalf, fiveEighth,














threeQuarter, sevenEighth},


...
sc-mtch-SchedulingInfo-r15

SC-MTCH-SchedulingInfo-NB-r15

OPTIONAL,
-- Need OR
}

SC-MTCH-SchedulingInfo-NB-r14 ::=

SEQUENCE
{


onDurationTimerSCPTM-r14



ENUMERATED {













pp1, pp2, pp3, pp4,













pp8, pp16, pp32, spare},


drx-InactivityTimerSCPTM-r14


ENUMERATED {













pp0, pp1, pp2, pp3,













pp4, pp8, pp16, pp32},


schedulingPeriodStartOffsetSCPTM-r14
CHOICE {



sf10








INTEGER(0..9),



sf20








INTEGER(0..19),



sf32








INTEGER(0..31),



sf40








INTEGER(0..39),



sf64








INTEGER(0..63),



sf80








INTEGER(0..79),



sf128








INTEGER(0..127),



sf160








INTEGER(0..159),



sf256








INTEGER(0..255),



sf320








INTEGER(0..319),



sf512








INTEGER(0..511),



sf640








INTEGER(0..639),



sf1024








INTEGER(0..1023),



sf2048








INTEGER(0..2047),



sf4096








INTEGER(0..4095),



sf8192








INTEGER(0..8191)


},


...

}

SC-MTCH-SchedulingInfo-NB-r15 ::=

SEQUENCE
{
sc-mtch-SemiPersistSchedInterval   ENUMERATED {pp1, pp2, pp3, pp4,pp8, pp16, pp32, 

pp40, pp64, pp80, pp128,pp160, pp320, pp640, spare2, spare1}
     ...
}

-- ASN1STOP

SC-MTCH-InfoList-NB field descriptions
dl-CarrierConfig

Downlink carrier used for SC-MTCH.

dl-CarrierIndex

Index to a downlink carrier signalled in system information. Value ‘0’ corresponds to the anchor carrier, value ‘1’ corresponds to the first entry in dl-ConfigList in SystemInformationBlockType22-NB, value ‘2’ corresponds to the second entry in dl-ConfigList and so on.
drx-InactivityTimerSCPTM
Timer for SC-MTCH reception in TS 36.321 [6]. Value in number of NPDCCH periods. Value pp1 corresponds to 1 NPDCCH period, pp2 corresponds to 2 NPDCCH periods and so on.
g-RNTI
G-RNTI used to scramble the scheduling and transmission of a SC-MTCH.
mbmsSessionInfo
Indicates the ongoing MBMS session in a SC-MTCH.
npdcch-NPDSCH-MaxTBS-SC-MTCH

Maximum NPDSCH TBS for the SC-MTCH, see TS 36.213 [23]. Value n680 corresponds to 680 bits and value n2536 corresponds to 2536 bits.
npdcch-NumRepetition-SC-MTCH

The maximum number of NPDCCH repetitions the UE needs to monitor for SC-MTCH multicast search space, see TS 36.213 [23].
npdcch-Offset-SC-MTCH

Fractional period offset of starting subframe for NPDCCH multicast search space for SC-MTCH, see TS 36.213 [23].
npdcch-startSF-SC-MTCH

Starting subframes configuration of the NPDCCH multicast search space for SC-MTCH, see TS 36.213 [23].
onDurationTimerSCPTM
Timer for SC-MTCH reception in TS 36.321 [6]. Value in number of NPDCCH periods. Value pp1 corresponds to 1 NPDCCH period, pp2 corresponds to 2 NPDCCH periods and so on.
schedulingPeriodStartOffsetSCPTM
SCPTM-SchedulingCycle and SCPTM-SchedulingOffset in TS 36.321 [6]. The value of SCPTM-SchedulingCycle is in number of sub-frames. Value sf10 corresponds to 10 sub-frames, sf20 corresponds to 20 sub-frames and so on. The value of SCPTM-SchedulingOffset is in number of sub-frames.
sc-mtch-CarrierConfig

Downlink carrier that is used for SC-MTCH.
sc-mtch-NeighbourCell
Indicates neighbour cells which also provide this service on SC-MTCH. The first bit is set to 1 if the service is provided on SC-MTCH in the first cell in scptmNeighbourCellList, otherwise it is set to 0. The second bit is set to 1 if the service is provided on SC-MTCH in the second cell in scptmNeighbourCellList, and so on. If this field is absent, the UE shall assume that this service is not available on SC-MTCH in any neighbour cell.
sc-mtch-SchedulingInfo

DRX and/or SPS information for the SC-MTCH.
If the sc-mtch-SchedulingInfo-r14 field is absent, DRX is not used for the SC-MTCH. If the sc-mtch-SchedulingInfo-r15 field is absent, SPS is not used for the SC-MTCH. If the sc-mtch-SchedulingInfo-r15 field is included, the sc-mtch-SchedulingInfo-r14 field will be ignored by the UE.
sc-mtch-SemiPersistSchedInterval

Semi-persistent scheduling interval for SC-MTCH, see TS 36.321 [6]. Value in number of NPDCCH periods. Value pp40 corresponds to 40 NPDCCH periods, pp64 corresponds to 64 NPDCCH periods and so on.
36.321:

5.10a
Semi-Persistent Scheduling for SC-MTCH
When Semi-Persistent Scheduling for SC-MTCH is enabled by RRC for NB-IoT UE, the following information is provided:

-
Semi-Persistent Scheduling interval sc-mtch-SemiPersistSchedInterval;

When Semi-Persistent Scheduling for SC-MTCH is disabled by RRC, the corresponding configured grant or configured assignment shall be discarded.

After a Semi-Persistent downlink assignment for SC-MTCH is configured, the MAC entity shall consider sequentially that the Nth assignment for SC-MTCH occurs in the subframe for which:

-
(10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * sc-mtch-SemiPersistSchedInterval*npdcch-NumRepetitions-SC-MTCH] modulo 10240.

Where SFNstart time and subframestart time are the SFN and subframe, respectively, at the time the configured SC-MTCH assignment were (re-)initialised.
36.213
<FFS: SC-MTCH Semi-Persistent Scheduling activation and deactivation mechanism to be specified.>


A.2 Option-2 related draft CR
	36.331:

–
SC-MTCH-InfoList-NB

The IE SC-MTCH-InfoList-NB provides the list of ongoing MBMS sessions transmitted via SC-MRB and for each MBMS session, the associated G-RNTI and scheduling information.
SC-MTCH-InfoList-NB information element

-- ASN1START

SC-MTCH-InfoList-NB-r14 ::=


SEQUENCE (SIZE (0.. maxSC-MTCH-NB-r14)) OF SC-MTCH-Info-NB-r14

SC-MTCH-Info-NB-r14 ::= 



SEQUENCE
{


sc-mtch-CarrierConfig-r14


CHOICE {



dl-CarrierConfig-r14




DL-CarrierConfigCommon-NB-r14,



dl-CarrierIndex-r14




INTEGER (0.. maxNonAnchorCarriers-NB-r14)


},


mbmsSessionInfo-r14




MBMSSessionInfo-r13,


g-RNTI-r14






BIT STRING(SIZE(16)),


sc-mtch-SchedulingInfo-r14


SC-MTCH-SchedulingInfo-NB-r14

OPTIONAL,
-- Need OP


sc-mtch-NeighbourCell-r14


BIT STRING (SIZE(maxNeighCell-SCPTM-NB-r14))
OPTIONAL,
-- Need OP


npdcch-NPDSCH-MaxTBS-SC-MTCH-r14

ENUMERATED {n680, n2536},


npdcch-NumRepetitions-SC-MTCH-r14
ENUMERATED {r1, r2, r4, r8, r16, 














r32, r64, r128, r256, 














r512, r1024, r2048, spare4, 














spare3, spare2, spare1},


npdcch-StartSF-SC-MTCH-r14


ENUMERATED {v1dot5, v2, v4, v8,














v16, v32, v48, v64},


npdcch-Offset-SC-MTCH-r14


ENUMERATED {zero, oneEighth, oneQuarter,














threeEighth, oneHalf, fiveEighth,














threeQuarter, sevenEighth},


...
sc-mtch-SchedulingInfo-r15       SC-MTCH-SchedulingInfo-NB-r15

OPTIONAL,
-- Need OR
}

SC-MTCH-SchedulingInfo-NB-r14 ::=

SEQUENCE
{


onDurationTimerSCPTM-r14



ENUMERATED {













pp1, pp2, pp3, pp4,













pp8, pp16, pp32, spare},


drx-InactivityTimerSCPTM-r14


ENUMERATED {













pp0, pp1, pp2, pp3,













pp4, pp8, pp16, pp32},


schedulingPeriodStartOffsetSCPTM-r14
CHOICE {



sf10








INTEGER(0..9),



sf20








INTEGER(0..19),



sf32








INTEGER(0..31),



sf40








INTEGER(0..39),



sf64








INTEGER(0..63),



sf80








INTEGER(0..79),



sf128








INTEGER(0..127),



sf160








INTEGER(0..159),



sf256








INTEGER(0..255),



sf320








INTEGER(0..319),



sf512








INTEGER(0..511),



sf640








INTEGER(0..639),



sf1024








INTEGER(0..1023),



sf2048








INTEGER(0..2047),



sf4096








INTEGER(0..4095),



sf8192








INTEGER(0..8191)


},


...

}
SC-MTCH-SchedulingInfo-NB-r15 ::=

SEQUENCE
{


sc-mtch-SemiPersistSchedInterval    ENUMERATED {pp1, pp2, pp3, pp4, pp8, pp16, pp32, pare}     

sc-mtch-TBNumber                    INTEGER(0..255), 

...

}
-- ASN1STOP

36.321
5.10a
Semi-Persistent Scheduling for SC-MTCH
When Semi-Persistent Scheduling for SC-MTCH is enabled by RRC for NB-IoT UE, the following information is provided:

-
Semi-Persistent Scheduling interval sc-mtch-SemiPersistSchedInterval and Semi-Persistent Scheduling transport block number sc-mtch-TBNumber;

When Semi-Persistent Scheduling for SC-MTCH is disabled by RRC, the corresponding configured grant or configured assignment shall be discarded.
When SC-MTCH transmission interval and TB number are configured by RRC for NB-IoT UE, the MAC entity shall consider that the SC-MTCH grant is persistent for sc-mtch-TBNumber times with the interval of sc-mtch-SemiPersistSchedInterval, and that the Nth assignment occurs in the radio frame and subframe for which:

-
(10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * (sc-mtch-SemiPersistSchedInterval*npdcch-NumRepetitions-SC-MTCH] modulo 10240.

Where SFNstart time and subframestart time are the SFN and subframe, respectively, at the time the SC-MTCH assignment were (re-)initialised.
36.213
<FFS: SC-MTCH Semi-Persistent Scheduling activation mechanism to be specified.>


A.3 Option-3 related draft CR
	36.331:

–
SC-MTCH-InfoList-NB

The IE SC-MTCH-InfoList-NB provides the list of ongoing MBMS sessions transmitted via SC-MRB and for each MBMS session, the associated G-RNTI and scheduling information.
SC-MTCH-InfoList-NB information element

-- ASN1START

SC-MTCH-InfoList-NB-r14 ::=


SEQUENCE (SIZE (0.. maxSC-MTCH-NB-r14)) OF SC-MTCH-Info-NB-r14

SC-MTCH-Info-NB-r14 ::= 



SEQUENCE
{


sc-mtch-CarrierConfig-r14


CHOICE {



dl-CarrierConfig-r14




DL-CarrierConfigCommon-NB-r14,



dl-CarrierIndex-r14




INTEGER (0.. maxNonAnchorCarriers-NB-r14)


},


mbmsSessionInfo-r14




MBMSSessionInfo-r13,


g-RNTI-r14






BIT STRING(SIZE(16)),


sc-mtch-SchedulingInfo-r14


SC-MTCH-SchedulingInfo-NB-r14

OPTIONAL,
-- Need OP


sc-mtch-NeighbourCell-r14


BIT STRING (SIZE(maxNeighCell-SCPTM-NB-r14))
OPTIONAL,
-- Need OP


npdcch-NPDSCH-MaxTBS-SC-MTCH-r14

ENUMERATED {n680, n2536},


npdcch-NumRepetitions-SC-MTCH-r14
ENUMERATED {r1, r2, r4, r8, r16, 














r32, r64, r128, r256, 














r512, r1024, r2048, spare4, 














spare3, spare2, spare1},


npdcch-StartSF-SC-MTCH-r14


ENUMERATED {v1dot5, v2, v4, v8,














v16, v32, v48, v64},


npdcch-Offset-SC-MTCH-r14


ENUMERATED {zero, oneEighth, oneQuarter,














threeEighth, oneHalf, fiveEighth,














threeQuarter, sevenEighth},


...
sc-mtch-SchedulingInfo-r15   SC-MTCH-SchedulingInfo-NB-r15

OPTIONAL,
-- Need OR
}

SC-MTCH-SchedulingInfo-NB-r14 ::=

SEQUENCE
{


onDurationTimerSCPTM-r14



ENUMERATED {













pp1, pp2, pp3, pp4,













pp8, pp16, pp32, spare},


drx-InactivityTimerSCPTM-r14


ENUMERATED {













pp0, pp1, pp2, pp3,













pp4, pp8, pp16, pp32},


schedulingPeriodStartOffsetSCPTM-r14
CHOICE {



sf10








INTEGER(0..9),



sf20








INTEGER(0..19),



sf32








INTEGER(0..31),



sf40








INTEGER(0..39),



sf64








INTEGER(0..63),



sf80








INTEGER(0..79),



sf128








INTEGER(0..127),



sf160








INTEGER(0..159),



sf256








INTEGER(0..255),



sf320








INTEGER(0..319),



sf512








INTEGER(0..511),



sf640








INTEGER(0..639),



sf1024








INTEGER(0..1023),



sf2048








INTEGER(0..2047),



sf4096








INTEGER(0..4095),



sf8192








INTEGER(0..8191)


},


...
  }

SC-MTCH-SchedulingInfo-NB-r15 ::=

SEQUENCE
{

sc-mtch-Grant                           SC-MTCH-Grant-NB-r15

sc-mtch-TransmissionStartTime           SC-MTCH-TransmissionStartTime-NB-r15,   

sc-mtch-TransmissionInterval            ENUMERATED {sf10, sf20, sf32, sf40,sf64, sf80, 

sf128, sf160, sf256, sf320, sf512, sf640,

sf1024, sf2048, sf4096, sf8192} 

sc-mtch-TBNumber                        INTEGER(0..255), 
npdcch-NumRepetitions-SC-MCCH-ChangeIndication-r15 
ENUMERATED {r1, r2, r4, r8, r16, 














r32, r64, r128, r256, 














r512, r1024, r2048, spare4, 














spare3, spare2, spare1},


  npdcch-StartSF-SC-MCCH-ChangeIndication-r15


ENUMERATED {v1dot5, v2, v4, v8,














v16, v32, v48, v64},


  npdcch-Offset-SC-MCCH-ChangeIndication-r15
ENUMERATED {zero, oneEighth, oneQuarter,














threeEighth, oneHalf, fiveEighth,














threeQuarter, sevenEighth},
}
SC-MTCH-Grant-NB-r15 ::=

SEQUENCE
{


sc-mtch-ResourcAssignment 




INTEGER(0..8)

sc-mtch-ModulationAndCodingScheme 


INTEGER(0..16)

sc-mtch-RepetitionNumber 




INTEGER(0..16)

}

SC-MTCH-TransmissionStartTime-NB-r15 ::=

SEQUENCE
{


sc-mtch-StartRadioFrame 




INTEGER(0..1023)

sc-mtch-StartSubFrame 


            INTEGER(0..9)

}
-- ASN1STOP

SC-MTCH-InfoList-NB field descriptions
dl-CarrierConfig

Downlink carrier used for SC-MTCH.

dl-CarrierIndex

Index to a downlink carrier signalled in system information. Value ‘0’ corresponds to the anchor carrier, value ‘1’ corresponds to the first entry in dl-ConfigList in SystemInformationBlockType22-NB, value ‘2’ corresponds to the second entry in dl-ConfigList and so on.
drx-InactivityTimerSCPTM
Timer for SC-MTCH reception in TS 36.321 [6]. Value in number of NPDCCH periods. Value pp1 corresponds to 1 NPDCCH period, pp2 corresponds to 2 NPDCCH periods and so on.
g-RNTI
G-RNTI used to scramble the scheduling and transmission of a SC-MTCH.
mbmsSessionInfo
Indicates the ongoing MBMS session in a SC-MTCH.
npdcch-NPDSCH-MaxTBS-SC-MTCH

Maximum NPDSCH TBS for the SC-MTCH, see TS 36.213 [23]. Value n680 corresponds to 680 bits and value n2536 corresponds to 2536 bits.
npdcch-NumRepetition-SC-MTCH

The maximum number of NPDCCH repetitions the UE needs to monitor for SC-MTCH multicast search space, see TS 36.213 [23].
npdcch-Offset-SC-MTCH

Fractional period offset of starting subframe for NPDCCH multicast search space for SC-MTCH, see TS 36.213 [23].
npdcch-startSF-SC-MTCH

Starting subframes configuration of the NPDCCH multicast search space for SC-MTCH, see TS 36.213 [23].
onDurationTimerSCPTM
Timer for SC-MTCH reception in TS 36.321 [6]. Value in number of NPDCCH periods. Value pp1 corresponds to 1 NPDCCH period, pp2 corresponds to 2 NPDCCH periods and so on.
schedulingPeriodStartOffsetSCPTM
SCPTM-SchedulingCycle and SCPTM-SchedulingOffset in TS 36.321 [6]. The value of SCPTM-SchedulingCycle is in number of sub-frames. Value sf10 corresponds to 10 sub-frames, sf20 corresponds to 20 sub-frames and so on. The value of SCPTM-SchedulingOffset is in number of sub-frames.
sc-mtch-CarrierConfig

Downlink carrier that is used for SC-MTCH.
sc-mtch-NeighbourCell
Indicates neighbour cells which also provide this service on SC-MTCH. The first bit is set to 1 if the service is provided on SC-MTCH in the first cell in scptmNeighbourCellList, otherwise it is set to 0. The second bit is set to 1 if the service is provided on SC-MTCH in the second cell in scptmNeighbourCellList, and so on. If this field is absent, the UE shall assume that this service is not available on SC-MTCH in any neighbour cell.
sc-mtch-SchedulingInfo

DRX and/or SPS information for the SC-MTCH.

If the sc-mtch-SchedulingInfo-r14 field is absent, DRX is not used for the SC-MTCH. If the sc-mtch-SchedulingInfo-r15 field is absent, SPS is not used for the SC-MTCH. If the sc-mtch-SchedulingInfo-r15 field is included, the sc-mtch-SchedulingInfo-r14 field will be ignored by the UE.
sc-mtch-Grant

SC-MTCH grant information, including resource assignment, modulation and coding scheme, Rrepetition number which refer to the definition in section 16.4.1.3 of TS 36.213 [23].
sc-mtch-TransmissionStartTime

SC-MTCH transmission start time when is configured, see TS 36.321 [6].
sc-mtch-TransmissionInterval

SC-MTCH transmission interval when is configured, see TS 36.321 [6]. 
sc-mtch-TBNumber

SC-MTCH transmission number when is configured. see TS 36.321 [6]
npdcch-NumRepetition-SC-MCCH-ChangeIndication
The maximum number of NPDCCH repetitions the UE needs to monitor for SC-MCCH change notification during SC-MTCH transmission procedure, see TS 36.213 [23].
npdcch-Offset-SC-MCCH-ChangeIndication
Fractional period offset of starting subframe for NPDCCH search space for SC-MCCH change notification during SC-MTCH transmission procedure, see TS 36.213 [23].
npdcch-startSF-SC-MCCH-ChangeIndication
Starting subframes configuration of the NPDCCH search space for SC-MCCH change notification during SC-MTCH transmission procedure, see TS 36.213 [23].
36.321:

5.10a
Semi-Persistent Scheduling for SC-MTCH
When the SC-MTCH grant sc-mtch-Grant is configured by RRC, the following information are also provided:

-
The SC-MTCH transmission start time sc-mtch-TransmissionStartTime;

-
The SC-MTCH transmission time interval sc-mtch-TransmissionInterval

-
The SC-MTCH transport block number sc-mtch-TBNumber
When Semi-Persistent Scheduling for SC-MTCH is disabled by RRC, the corresponding configured grant or configured assignment shall be discarded.

If the SC-MTCH grant is configured, the MAC entity shall consider that the SC-MTCH grant is persistent for sc-mtch-TBNumber times with the interval of sc-mtch-SemiPersistSchedInterval, and that the Nth assignment occurs in the radio frame and subframe for which:

-
(10 * SFN + subframe) = [(10 *sc-mtch-startRadioFrame + sc-mtch-StartSubFrame) + N * sc-mtch-TransmissionInterval] modulo 10240.
Where sc-mtch-startRadioFrame and sc-mtch-StartSubFrame are SC-MTCH-TransmissionStartTime which is configured by RRC.
36.213
<FFS: PDCCH monitoring for SC-MCCH change notification during SC-MTCH transmission procedure to be specified>
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