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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.
At RAN1#87 [2] the following agreements were made:
Agreements:
· DCIs for scheduling SC-MCCH is based on DCI format 6-2 with at least the following fields:
· Resource assignment
· Number of PDSCH repetitions
· MCS
· Number of MPDCCH repetitions
· DCIs for scheduling SC-MTCH include at least the following fields:
· Frequency-hopping flag
· Resource assignment
· Number of PDSCH repetitions
· MCS
· Number of MPDCCH repetitions
· The sizes of the DCI fields are FFS.
Working assumption:
· When a UE is monitoring Type1-CSS for paging at its Paging Occasion, it is not required to simultaneously monitor MPDCCH search spaces for SC-MCCH or SC-MTCH or receive PDSCH for SC-MCCH or SC-MTCH.
· This working assumption is automatically confirmed/abandoned if the corresponding RAN2 working assumption is confirmed/abandoned.

Agreement:
· Collision between SC-PTM related transmissions and PSS/SSS, PBCH, and SIBs, is handled in the same way as Rel-13 eMTC.
· The UE is not required to simultaneously monitor the MPDCCH search spaces for SC-MCCH and SC-MTCH.
· When a UE is monitoring MPDCCH search space for SC-MCCH or receiving PDSCH carrying SC-MCCH, it is not required to simultaneously monitor MPDCCH search space for SC-MTCH or receive PDSCH carrying SC-MTCH.

Also, at RAN2#96 the following agreements were made relating to the provision of DCI bits to support MTCH change indication.  

· For eNB-IoT and feMTC: Use 1 bit in DCI in PDCCH for SC-MTCH scheduling to indicate whether the configuration of the SC-MTCH will be changed in next MP.
· For eNB-IoT and feMTC: Use 1 additional bit in DCI in PDCCH for SC-MTCH scheduling to indicate whether the new services are due to start in next MP. For the UE who has on-going service and is interested in detection of other new session starts. 
· We ask RAN1 if 2 bits is ok. If only 1 bit can be accommodated we use 1 bit. 

In this document, we discuss SC-PTM DCI design and collision handling.
DCI Design
In the following section, we discuss the DCI designs for the SC-MCCH and SC-MTCH.
1. 
2. 
SC-MCCH DCI Fields and Sizes
There are several reasons for wanting to base the SC-MCCH DCI on the paging MPCCH DCI, including:

· In general, but not always, the SC-MCCH is expected to be robust and extend to whole cell like paging.

· In the event of time and frequency collisions between the search spaces used for paging and SC-MCCH DCIs, if they are the same size and sent at the same repetition levels, the network can continue to transmit SC-MCCH DCI using the SPS-RNTI (assuming no high priority paging DCI).  Thereby providing the UE with an opportunity to enhance its SC-MCCH reception with minimal additional waste of resources (both UE processing and over-the-air interface resources).

But there are also, several reasons why the paging DCI is different to the SC-MCCH DCI, including:

· The paging DCI PDSCH “Repetition number” points to a value from a subset of repetitions implicitly defined by the paging “DCI SF repetition number”.  This is unlike the DCIs for normal PDSCH where higher layers indicate the subset of repetitions to be used by the PDSCH independently of the “DCI SF repetition number”.  For paging this implicit relationship is considered acceptable since the paging PDSCH message size does not vary significantly.

· Whilst the paging DCI is designed to support at least one repetition level that reaches UEs at the worst coverage level within the cell, the SC-MCCH can be restricted to support only CEmodeA devices, as per the RAN1#87 [2] agreement below.

· Coverage enhancement related settings (CE mode A / CE mode B) for MPDCCH/PDSCH for SC-MCCH are configured by a new 1-bit parameter.


Proposal 1:		The subset of repetitions that the SC-MCCH DCI PDSCH “Repetition number” field refers to, is configured by a new higher layer parameter. 

· The SC-MCCH could be targeted specifically at a subset of devices with higher capabilities (e.g. Rel-14 larger BW support).  Therefore, the SC-MCCH DCI MCS and RA fields could be redesigned to support a wider range of RA/MCS options [5].  However due to the lack of UE feedback and the multiplicity of UEs that the SC-MCCH may have to simultaneously support, the current paging RA and MCS field definitions are considered adequate.

Observation 1:		A highly optimised/granular scheme for the RA and MCS is not required for SC-MCCH services, due to the lack of UE feedback and the multiplicity UEs being supported simultaneously. 

Table 1 provides a DCI format to support both the SC-MCCH with the following features:

· The same DCI format supports both CEmodeA and CEmodeB
· The overall size of DCI is the same as the original paging DCI
· The Resource Allocation, Number of PDSCH repetitions and MCS fields are kept the same size
· A new “SC-MCCH Change Notification” field is added as requested by RAN2#96.
· This field effectively replaces the paging “Purpose flag”




Proposal 2:	Table 1 defines the DCI format to support the SC-MCCH for both CEmodeA and CEmodeB.

Table 1:	 SC-MCCH DCI
	Fields
	Number of bits

	Resource assignment    
	
bits

	MCS  
	3

	Repetition number
	3

	DCI subframe repetition number
	2

	SC-MCCH Change Notification
	1




SC-MTCH DCI Fields and Sizes
[bookmark: _GoBack]Unlike the SC-MCCH, the SC-MTCH could be targeted a specific subset of UEs (including higher BW capable UEs) operating at a certain coverage level.  Table 2 defines a DCI format to support the SC-MTCH based on that presented in [4].  Key features of this DCI, include:

· New RA scheme that can support wider BW capable UEs
· MCS scheme supported by 4 instead of 3 bits
· Repetition number field configured to support worse case levels of repetitions for CEmodeB (format 6-1B in [4])
· 2 bits for SC-MTCH change related notifications as per RAN2#96 request.


Proposal 3:	Table 1 defines the DCI format to support the SC-MTCH for both CEmodeA and CEmodeB.

Table 1:	 SC-MCCH DCI
	Fields
	Number of bits

	Resource assignment    
	See Table 2 in [4]

	Frequency hopping flag
	1

	MCS
	4

	Repetition number
	3

	DCI subframe repetition number
	2

	SC-MTCH Change Notification
	1

	SC-MTCH Service Notification
	1



Collision Handling
In the following section, we discuss further some SC-PTM related collision behaviours.

Proposal 4:			Confirm RAN1#88 working assumption:
· When a UE is monitoring Type1-CSS for paging at its Paging Occasion, it is not required to simultaneously monitor MPDCCH search spaces for SC-MCCH or SC-MTCH or receive PDSCH for SC-MCCH or SC-MTCH.

Previous agreements indicate that from the UE perspective, paging occasions take priority over SC-PTM transmission (MPDCCH or PDSCH, SC-MCCH or SC-MTCH).  Since different UEs receiving the same SC-PTM service may have different paging occasions, it is proposed that the network continues transmitting SC-PTM SFs during paging occasions even though they may collide in time (but not frequency) with paging SFs since there are likely to be UEs capable of processing those transmissions.  It is then up to the network to over-provision sufficient SC-PTM transmissions to account of SC-PTM transmissions lost due to UE monitoring of paging.
Proposal 5:	The eNB continues to transmit SC-MCCH/MTCH MPDCCH and PDSCH, when those SFs collide in time (but not in frequency) with CSS paging occasions.
For Release-13 eMTC, all search spaces start at SF0 and idle mode eMTC devices are generally only be concerned with monitoring paging search spaces.  Now for Release 14, there could be a subset of idle mode FeMTC devices monitoring both paging and SC-PTM.  With sufficient narrowbands, planning can be used to minimise the collisions in time and frequency of search spaces for paging, SC-MCCH and SC-MTCH.  However, with limited number of narrowbands, given a fixed starting subframe of SF0 for all search spaces and similar search space periodicities, the probability of collisions in time and frequency increases.  It is proposed that at least for the SC-MTCH MPDCCH search space an additional higher layer parameter (in addition to {narrowband, Rmax, G}) be defined to specify a scheduling offset, like the scheduling offset defined for nbIOT.  
Proposal 6:	MPDCCH search space configuration for SC-MTCH consists of {narrowband, Rmax, G, Scheduling-offset}.

Conclusions
In this contribution, we have discussed the designs of the SC-PTM DCIs and some collision scenarios.  From those discussions, we have the following observations and proposals.

Proposal 1:		The subset of repetitions that the SC-MCCH DCI PDSCH “Repetition number” field refers to, is configured by a new higher layer parameter. 

Observation 1:		A highly optimised/granular scheme for the RA and MCS is not required for SC-MCCH services, due to the lack of UE feedback and the multiplicity UEs being supported simultaneously. 

Proposal 2:	Table 1 defines the DCI format to support the SC-MCCH for both CEmodeA and CEmodeB.

Table 1:	 SC-MCCH DCI
	Fields
	Number of bits

	Resource assignment    
	
bits

	MCS  
	3

	Repetition number
	3

	DCI subframe repetition number
	2

	SC-MCCH Change Notification
	1




Proposal 3:	Table 1 defines the DCI format to support the SC-MTCH for both CEmodeA and CEmodeB.

Table 1:	 SC-MCCH DCI
	Fields
	Number of bits

	Resource assignment    
	See Table 2 in [4]

	Frequency hopping flag
	1

	MCS
	4

	Repetition number
	3

	DCI subframe repetition number
	2

	SC-MTCH Change Notification
	1

	SC-MTCH Service Notification
	1



Proposal 4:		Confirm RAN1#88 working assumption:
· When a UE is monitoring Type1-CSS for paging at its Paging Occasion, it is not required to simultaneously monitor MPDCCH search spaces for SC-MCCH or SC-MTCH or receive PDSCH for SC-MCCH or SC-MTCH.

Proposal 5:	The eNB continues to transmit SC-MCCH/MTCH MPDCCH and PDSCH, when those SFs collide in time (but not in frequency) with CSS paging occasions.
Proposal 6:	MPDCCH search space configuration for SC-MTCH consists of {narrowband, Rmax, G, Scheduling-offset}.
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