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One of the objectives of the new Release 14 WI proposal on Further Enhanced MTC [1], is the extension of SC-PTM to support eMTC devices.
In this document, we discuss how SPS might be developed to reduce the overhead required to support scheduling for the SC-MTCH.
Background
2.1 RAN2 Agreements
From the RAN2#95 meeting [2], the following agreements/assumptions were arrived at:
· 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. 

Assuming RAN1 agrees with the above agreements, then the existing 3 step process to acquire the SC-MTCH is to be maintained for MTC.  
2.2 Current eMTC support for SPS
Before we discuss how SPS might be developed to reduce the overhead to support scheduling for the SC-MTCH, let’s first review how SPS is currently supported by existing Release-13 eMTC UEs.
DL Semi-persistent scheduling (SPS) for eMTC follows the same four steps as legacy:
· STEP 1:		The configuration of SPS
· The UE receives the SPS configuration parameter (SPS-Config) via an RRC connection during either the RRC Connection Setup or RRC Connection Reconfiguration procedures. 
· The SPS-Config parameter identifies the:
· The SPS-C-RNTI that the UE uses to identify the DCI that determines the activation (STEP2) / release (STEP4) of the SPS session.
· The periodicity with which the UE should recheck for the SPS-C-RNTI
· The numberOfConfSPS-Processes determines how many HARQ processes are supported.
· Unlike normal dynamic scheduling on the DL, HARQ processes are synchronously aligned on DL for SPS.
SPS-Config information element
-- ASN1START

SPS-Config ::=	SEQUENCE {
	semiPersistSchedC-RNTI			C-RNTI					OPTIONAL,			-- Need OR
	sps-ConfigDL					SPS-ConfigDL			OPTIONAL,			-- Need ON
	sps-ConfigUL					SPS-ConfigUL			OPTIONAL			-- Need ON
}

SPS-ConfigDL ::=	CHOICE{
	release							NULL,
	setup							SEQUENCE {
		semiPersistSchedIntervalDL			ENUMERATED {
												sf10, sf20, sf32, sf40, sf64, sf80,
												sf128, sf160, sf320, sf640, spare6,
												spare5, spare4, spare3, spare2,
												spare1},
		numberOfConfSPS-Processes			INTEGER (1..8),
		n1PUCCH-AN-PersistentList			N1PUCCH-AN-PersistentList,
		...,
		[[	twoAntennaPortActivated-r10		CHOICE {
				release							NULL,
				setup							SEQUENCE {
					n1PUCCH-AN-PersistentListP1-r10	N1PUCCH-AN-PersistentList
				}
			}																OPTIONAL	-- Need ON
		]]
	}
}

· STEP 2:		The activation of SPS
· The BL/CE UE monitors the search space for DCI format 6-1A scrambled by the SPS-C-RNTI.  Note that in order to reduce the chances of the UE incorrectly interpreting the DCI, certain DCI fields must be set to specific values:
· HARQ process number, RV, TPC
· Table 9.2-1B: Special fields for Semi-Persistent Scheduling Activation MPDCCH Validation
	
	DCI format 6-0A
	DCI format 6-1A

	HARQ process number
	set to '000'
	FDD: set to '000'
TDD: set to '0000

	Redundancy version
	set to '00'
	set to '00'

	TPC command for scheduled PUSCH
	set to '00'
	N/A

	TPC command for scheduled PUCCH
	N/A
	set to '00'



· The HARQ process number can be reused for this purpose, due to DL SPS HARQ process transmissions no longer being asynchronous.  Instead, as per TS33.321 section 5.3.1, the subframe where a specific HARQ process can be sent is defined by:
HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalDL)] modulo numberOfConfSPS-Processes,
where CURRENT_TTI=[(SFN * 10) + subframe number].

· For Release 13, SPS is only supported for BL/CE UEs in CEModeA.
· No strong use case was identified for the support of CEModeB SPS in Release 13.
· The number of repetitions to be applied for the scheduled PDSCH is supplied by the DCI 2-bit “Repetition number” field.

· STEP 3:		The transmission of SPS
· Using DCI format 6-1A scrambled by the SPS-C-RNTI, the BL/CE UE can determine the, starting subframe, Resource block assignment, MCS & Repetition Number for the SPS transmission.  
· The starting subframe is important, as it is from this subframe that the RRC configured (STEP 1) “semiPersistSchedIntervalDL” begins.
· eMTC UEs can provide the network with a HARQ Response using the PUCCH.
· Based on the HARQ Response the network can choose to send a retransmission using either:
· The SPS C-RNTI scrambled DCI with the same NDI as sent for the initial transmission
· A dynamic C-RNTI scrambled DCI scheduling a retransmission that over-rides the SPS C-RNTI DCI.

· STEP 4:		The release of SPS
· If the eNB wants to release a configured SPS assignment without releasing RRC configuration, it can explicitly send DCI Format 6-1A to indicate SPS release. As per the activation DCI, certain fields within this DCI must be appropriately set.
· HARQ process number
· MCS
· RV
· Repetition number

Discussions
In this section, we review the current process given the recent RAN2#95 agreements and identify potential developments needed.
Step 1:   How to configure SPS for SC-PTM for UEs in IDLE_mode?
Currently, when the Network wishes to configure a unicast SPS session, it utilises a RRC connection to send the SPS-Config parameter that provides the SPS-C-RNTI, Number of HARQ processes and the SPS scheduling interval.   If the SC-PTM and SPS setup procedures are to be effectively combined and support IDLE mode UEs, then it is recommended that the SPS-Config information (required for each SC-MTCH using SPS) be sent in the SC-MCCH SCPTMConfiguration message.  Moving the SPS-Config information to this PDSCH message, will provide a high degree of dynamic flexibility without the overhead (both for UEs and the network) of having to support RRC connections.  
Proposal 1:	When SPS is used to support the scheduling of a SC-MTCH, the SC-MCCH SCPTMConfiguration message provides for that specific SC-MTCH, the following information:
· SPS-C-RNTI
· numberOfConfSPS-Processes	
·  semiPersistSchedIntervalDL		

Given that SPS SC-PTM may be used to send large transmissions requiring high reliability to devices in poor coverage and also to avoid prolonged blockage of narrowband resources to other UEs, it is proposed that the semiPersistSchedIntervalDL parameter support larger values > sf640.

Proposal 2:	The semiPersistSchedIntervalDL parameter is extended to support values greater than sf640.

Steps 2/4:   How to activate/release SPS for SC-PTM for UEs in IDLE_mode?
Currently, the DL SPS sessions for RRC_Connected mode BL/CE Mode UEs are activated by DCI format 6-1A with certain fields reserved for special values to help reduce the likelihood of false detection.  There are currently no options for:

· Activating SPS for RRC_Idle mode UEs (normal or BL/CE)
· Using SPS for BL/CE UEs in CEModeB

Proposal 3:	BL/CE UEs in RRC_Idle mode and at all PRACH CE levels, can have SPS activated and released for SC-MTCH, using DCI.	
STEP 3:		Supporting the option of feedback during the transmission of SPS
One of the key advantages of 1-to-1 RRC_Connected mode SPS, is the networks’ ability to use UE specific HARQ feedback (via the PUCCH) to override a SPS-C-RNTI with a C-RNTI DCI, in order to schedule dynamically a retransmission for that specific UE.   Now, if SPS is supporting SC-PTM for IDLE_mode BL/CE UEs, and as per the RAN2#95 agreement, UM mode is used, then this option of directed unicast retransmission based on HARQ feedback is no longer an option. 
Given that SC-PTM (with or without SPS) may be required to support transmissions that require a high degree of reliability, e.g. firmware upgrades, some options for Idle_mode UEs to provide feedback are desirable.  2 options for such feedback 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. PRACH CE level 3, and is 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.
[bookmark: _GoBack]OPTION 2:	Support PRACH based feedback
A PRACH preamble used for UEs to indicate NACK in response to the failed reception of a SC-MTCH HARQ process.  This feedback could be configured to be used by only a subset of UEs, e.g. PRACH 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 RRC_Idle mode.
· A disadvantage of this approach, is that the network is forced to multicast retransmissions.

Proposal 4:	Subsets of BL/CE UEs using SC-PTM in RRC_Idle mode, can be configured to provide feedback to the network to optimise retransmissions.
Conclusions
In this contribution, we have reviewed how SPS currently works for Release-13 eMTC UEs.  From that review we have the following proposals for RAN1 to consider developing SPS to be used to support SC-PTM.
Proposal 1:	When SPS is used to support the scheduling of a SC-MTCH, the SC-MCCH SCPTMConfiguration message provides for that specific SC-MTCH, the following information:
· SPS-C-RNTI
· numberOfConfSPS-Processes	
·  semiPersistSchedIntervalDL	

Proposal 2:	The semiPersistSchedIntervalDL parameter is extended to support values greater than sf640.
Proposal 3:	BL/CE UEs in RRC_Idle mode and at all PRACH CE levels, can have SPS activated and released for SC-MTCH, using DCI.	
Proposal 4:	Subsets of BL/CE UEs using SC-PTM in RRC_Idle mode, can be configured to provide feedback to the network to optimise retransmissions.
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