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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 could be mapped to FeMTC SC-PTM to reduce the overhead required to support scheduling for the SC-MTCH.
Background
2.1 Current eMTC support for SPS
Before we discuss how SPS might be developed, let’s first review how SPS is currently supported by existing Release-13 eMTC UEs.
DL Semi-Persistent Scheduling (SPS) for existing eMTC devices follows the same four steps as used by normal UEs:
· 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 semiPersistSchedC-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 expect PDSCH transmissions
· 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
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RELEASE DCI
Scrambled by the SPS-C-RNTI provided in the “SPS Config”
This is known as “explicit” Release. 


ACTIVATION DCI
DCI6-1A Scrambled by the SPS-C-RNTI provided in the “SPS Config”
Provides the DL RA Grant to be used until RELASE
semiPersistSchedIntervalDL
Provided by RRC “SPS-Config”, defines time when original grant is RE-applied
	
The UE monitors EVERY SUBFRAME for the ACTIVATION DCI after the RRC configuration of the “SPS-config”, and then after ACTIVATION, it monitors for the RELEASE DCI.
	

Figure 1:  Existing SPS for unicast eMTC CEModeA


Discussion
In this section, we describe how SPS could be mapped to FeMTC Multicast SC-PTM. 
To map SPS to multicast FeMTC operation a number of changes/enhancements are proposed.
1. Limit the SPS mode of operation to the SC-MTCH
a. For some UEs/SC-MTCH services, fast acquisition of the SC-MCCH message is important, hence reducing control overhead for the SC-MCCH is not recommended.
2. Limit monitoring for the SPS ACTIVATION and RELEASE DCIs to the SC-MTCH MPDCCH.
a. Note while this is consistent with eMTC unicast SPS operation, for legacy non-eMTC SPS operation, the UE is required to monitor for the SPS DCI every sub-frame.
b. By configuring the SC-MTCH MPDCCH periodicity (G value) independently from the SC-MTCH PDSCH semiPersistSchedIntervalDL, it is possible to trade-off the amount of time the UE has to monitor for the SPS DCIs against the speed with which the network can adapt the MTCH PDSCH grant to changing conditions. 
3. Send the SPS configuration for a given SC-MTCH within the SC-MCCH SCPTMConfiguration message
· Instead of requiring each UE to set up an RRC connection to obtain the SPS-Config, supply the relevant SPS-Config information, specifically the semiPersistSchedC-RNTI and the semiPersistSchedIntervalDL IEs, within the SC-MCCH message for a specific SC-MTCH.
4. Define the semiPersistSchedIntervalDL as a multiple of SC-MTCH PDSCH Rmax, i.e. another G value. {1, 1.5, 2, 2.5, 4, 5, 8, 10}.  
· For legacy LTE and eMTC, the semiPersistSchedIntervalDL, is defined as a time (sf10, sf20, sf32, sf40, sf64, sf80, sf128, sf160, sf320, sf640, spare6,	spare5, spare4, spare3, spare2, spare1).  Given that PDSCH repetitions for SC-PTM can in theory extend to 2048, many of the current semiPersistSchedIntervalDL time values become irrelevant.  By defining this period as a G value (i.e. a multiplier of Rmax), with only a few values it is possible to define PDSCH transmissions that occur either in immediate succession (G=1) or with significant gap periods that can be exploited by either the network or the UE. 
5. In the event of a collision between an ongoing SC-MTCH PDSCH transmission and SC-MTCH MPDCCH, the UE is expected to prioritise the MPDCCH.
· Defining semiPersistSchedIntervalDL independently of the SC-MTCH MPDCCH will provide maximum flexibility but also introduce new collision scenarios.
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Scrambled by the SPS-C-RNTI provided in the “SPS Config”
This is known as “explicit” Release. 
 It is also possible for the network to execute “implicit” release.


ACTIVATION DCI
DCI6-1A Scrambled by the SPS-C-RNTI provided in the “SPS Config”
Provides the DL RA Grant to be used until RELASE
semiPersistSchedIntervalDL
Provided by RRC “SPS-Config” and defined as a multiplier (G) of Rmax
	
The UE monitors EVERY POTENTIAL SC-MTCH MPDCCH space between PDSCH transmissions for the RELEASE DCI.	

Figure 2:  SPS for multicast FeMTC SC-PTM
In [4] an alternative method of reducing the MPDCCH overhead has been proposed which adds a “Grant Repeat” field to the DCI allocating resources to the PDSCH.  This new DCI field indicates how many times the RA grant is to be re-used without requiring the UE to re-read the MPDCCH. 
Compared to the SPS method described above, the potential advantages of this scheme include:
· Network can more quickly vary the RA according to conditions
· UE does not need to monitor MPDCCH between PDSCH transmissions as often
However, such a simple scheme does have the following disadvantages when compared to the SPS method:
· Increases the size of the MPDCCH DCI.
· Limited reduction in over-the-air transmission of MPDCCH DCIs, because even if the MPDCCH RA grant doesn’t change, it must be re-sent after “Grant Repeat” period. 
· For example, with 2 bits there are only 4 repeat options.  Then if the “Grant Repeat” field was configured to the following set of values (1,2,4,8), the maximum overhead reduction in over-the-air MPDCCH transmissions would be limited to 87.5% (7 out of 8 MPDCCH no longer sent).  
· For the SPS method, if there is no reason to change the RA grant, then for longer multicast transmissions, the reduction in the over-the-air MPDCCH transmissions are only limited by the length of transmission.
· Limited scope for multiplexing other traffic in the period between PDSCH transmissions due to fixed relationship between successive PDSCH transmissions.
· [bookmark: _GoBack]PDSCH transmissions using the same grant can either be fixed to align to the MPDCCH transmissions or alternatively, be fixed to occur consecutively.  Either way there is no flexibility in the period between successive PDSCH transmissions using the same grant.  In contrast, the SPS method supports the semiPersistSchedIntervalDL parameter that enables the period between successive PDSCH transmissions to varied.  In narrowband limited scenarios, these gaps could be used to support other traffic. 
Given the discussion above, the following is proposed to reduce the control overhead required to support the SC-MTCH.

Proposal 1:	To enable SPS to be used to support the scheduling of a SC-MTCH, the SC-MCCH SCPTMConfiguration message for a specific SC-MTCH, includes the following information:
· SPS-C-RNTI
· semiPersistSchedIntervalDL	

Proposal 2:	When SPS is used to support the scheduling of a SC-MTCH, the UE monitors the SC-MTCH MPDCCH search space for the SPS ACTIVATION DCI, to determine when to activate SPS SC-MTCH session. 

Proposal 3:	When SPS scheduling of a SC-MTCH has been activated, the UE monitors the SC-MTCH MPDCCH search space for the SPS RELEASE DCI, to determine when to terminate an ongoing SPS SC-MTCH session.

Proposal 4:	The SPS Activation and Release DCIs reuse the same DCI format as that used to schedule non-SPS FeMTC SC-MTCH PDSCH transmissions, but with a CRC scrambled by the SPS-C-RNTI.

Proposal 5:	The period between SPS configured SC-MTCH PDSCH transmissions is provided by the semiPersistSchedIntervalDL parameter, which is defined as a multiplier of SC-MTCH PDSCH Rmax (i.e. G) {1, 1.5, 2, 2.5, 4, 5, 8, 10}.  

Proposal 6:	The UE is expected to prioritise SC-MTCH MPDCCH monitoring above SPS SC-MTCH PDSCH transmission reception in the event of collisions.

Conclusions
In this contribution, we have reviewed how SPS currently works for Release-13 eMTC UEs and discussed how it could be developed to support Release-14 eMTC SC-PTM.  From that review we have the following proposals for RAN1 to consider.
Proposal 1:	To enable SPS to be used to support the scheduling of a SC-MTCH, the SC-MCCH SCPTMConfiguration message for a specific SC-MTCH, includes the following information:
· SPS-C-RNTI
· semiPersistSchedIntervalDL	

Proposal 2:	When SPS is used to support the scheduling of a SC-MTCH, the UE monitors the SC-MTCH MPDCCH search space for the SPS ACTIVATION DCI, to determine when to activate SPS SC-MTCH session. 

Proposal 3:	When SPS scheduling of a SC-MTCH has been activated, the UE monitors the SC-MTCH MPDCCH search space for the SPS RELEASE DCI, to determine when to terminate an ongoing SPS SC-MTCH session.

Proposal 4:	The SPS Activation and Release DCIs reuse the same DCI format as that used to schedule non-SPS FeMTC SC-MTCH PDSCH transmissions, but with a CRC scrambled by the SPS-C-RNTI.

Proposal 5:	The period between SPS configured SC-MTCH PDSCH transmissions is provided by the semiPersistSchedIntervalDL parameter, which is defined as a multiplier of SC-MTCH PDSCH Rmax (i.e. G) {1, 1.5, 2, 2.5, 4, 5, 8, 10}.  

Proposal 6:	The UE is expected to prioritise SC-MTCH MPDCCH monitoring above SPS SC-MTCH PDSCH transmission reception in the event of collisions.
References
[1]		RP-161321		New WI proposal on Further Enhanced MTC			Ericsson
[2]		Report of 3GPP RAN WG1 #87				http://www.3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_87/Report/
[3]		Report of 3GPP RAN WG2 #95bis			http://www.3gpp.org/ftp/tsg_ran/WG2_RL2/TSGR2_95bis/Report/
[4]		R1-1611623		Support of multicast		RAN1#87						Qualcomm Incorporated



