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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#86bis meeting [3], the following FeMTC agreements were arrived at:
•	  For the search space scheduling SC-MCCH
–	UE monitoring of blind decoding candidates is based on FFS: Type1-CSS or Type2-CSS for MPDCCH
–	Rmax, and G values are configured per SC-MCCH by higher layers
•	FFS the configuration of other parameters, e.g., narrowband. 

At RAN2#96bis meeting [2], the following agreements/assumptions were arrived at:
· In Rel-14 we will not have a solution with feedback.
· SC-MCCH for feMTC and NB-IoT is scheduled dynamically.
· We consider to make the following agreement (working assumption for now):
	MT (paging) vs. SC-PTM: MT (Paging) has higher priority than SC-PTM
	MO (except signalling) vs SC-PTM: UE implementation
	MO signalling vs SC-PTM: MO signalling has priority.
· SC-PTM is supported only in IDLE also for feMTC

In this document, we discuss both the choice of CSS type for the SC-MCCH/MTCH and the recent RAN2 working assumption prioritising Paging above SC-PTM.
Discussion
Whilst the concept of a search space based scheduling SC-MCCH was agreed at RAN1#86bis, the equivalent agreement was not made for SC-MTCH.  Given the benefit of scheduling flexibility and also that within the nB-IoT session, a similar agreement has been made for nB-IoT (see below), it is proposed that the dynamic scheduling (i.e. using a search space) is also supported for the SC-MTCH.  

Also from the RAN1#86bis NB-IoT session with

· For the search space scheduling SC-MTCH (called Type2-MSS for RAN1 purposes)
· UE monitoring of blind decoding candidates is based on FFS: Type1-CSS or Type2-CSS
· α, Rmax, and G values for Type2-MSS are configured per SC-MTCH in SC-MCCH
· UE is not required to simultaneously monitor Type1-MSS and Type2-MSS
· UE is not required to monitor Type2-MSS while receiving NPDSCH carrying SC-MTCH

In addition to dynamic scheduling we also support SPS scheduling [4], that also requires a search space for the activation and release of sessions.

Proposal 1:			SC-MTCH for FeMTC can be scheduled either dynamically or using SPS.

From RAN1#86bis, there is still an FFS regarding the type of CSS adopted for the new search spaces for SC-MCCH and SC-MTCH (assuming proposal 1 is accepted).

For Rel-13, 4 search spaces are defined:
· Type0-MPDCCH common search space – CSS for fall back and 3/3A
· CE mode A only
· Type1-MPDCCH common search space – Paging
· Fixed “2+4” PRBs per narrowband, no option to use just 2 or 4 PRBs
· Configurable number of narrowbands for paging (SIB2 paging-narrowBands-r13)
· UE ID determined Starting subframe/radioframe & narrowband locations 
· See TS36.304, section 7.1
· Up to 4 Blind decode candidates (different repetitions/AL) per search space
· P-RNTI DCI format 6-2 paging DCI limited to pointing to a 6 PRB PDSCH paging resource

· Type2-MPDCCH common search space – RAR, Msg3 retransmission, Msg4
· Fixed “2+4” PRBs per narrowband, no option to use just 2 or 4 PRBs
· Can configure location of up to 2 narrowbands (SIB2 mpdcch-NarrowbandsToMonitor-r13)
· Configurable MPDCCH Starting positions 
· 
For Type2-common search space, is given by the higher layer parameter mPDCCH-startSF-CSS-RA-r13 (SIB2)
· Greater than 4 Blind decode candidates (different repetitions/AL) per search spaces

· UE-specific search space

· Configurable “2, 4, 2+4” PRBs per narrowband
· Higher layer signalling (EPDCCH-Config) provides the startingSF (mpdcch-StartSF-UESS-r13), narrowband (mpdcch-Narrowband-r13) and number of repetitions (mpdcch-NumRepetition-r13) of the MPDCCH search space.
· Up to 16 blind decode candidates per search space 


Since reception of multi-cast is to be supported by UEs in RRC_Idle mode, the 2 most obvious candidate search spaces are the type-1 and type-2 CSSs. 
· Type-1 CSS
A potential advantage of using the Type-1 CSS is that UE could monitor paging and SC-MCCH/SC-MTCH simultaneously, which should reduce UE power consumption.
However, using this CSS in this manner would require the SC-MCCH/SC-MTCH MPDCCH starting subframes to be aligned to the UE ID specific paging occasions (PO). 
Disadvantages associated with trying to align paging and SC-MCCH/SC-MTCH scheduling, include:
1. Restricted MPDCCH scheduling configuration (now linked to the UE ID specific Paging Occasions) which cannot easily be optimised for different SC-PTM use-cases (e.g. CE Prach level 0/1 only SC-PTM service).
2. Inefficient use of network resources, since the same SC-MCCH/SC-MTCH scheduling information has to be resent for each PO.
3. The restrictive paging DCI (format 6-2) which currently doesn’t support PDSCH scheduling for fewer than 6 PRBs.
· Type-2 CSS
The advantages of the Type-2 CSS over Type-1 CSS include:
1. Efficient use of network resources, since the network only needs to send the same SC-MCCH/MTCH information once because all UEs now monitor the same CSS.
2. Scope to differentiate SC-MCCH/SC-MTCH(s) for different use-cases by defining alternative starting subframe parameter mPDCCH-startSF-CSS-RA-r13.
3. Network has more scheduling opportunities per search space due to the higher number of blind decode candidates supported
The disadvantages of the Type-2 CSS, include:
1. The RRC_Idle mode UE now has to monitor 2 search spaces (paging and SC-PTM) rather than 1.
2. Rule needs to be devised to handle the potential overlap of paging and SC-PTM SS.
This is discussed more below given RAN2#96bis working assumption
3. Currently the Type-2 CSS assumes “2+4” PRBs, which for some SC-MTCH use cases (e.g. a service targeted for only CE PRACH level 0/1 UEs) maybe unnecessary and block resources for other UEs.

Given the discussion above, it is proposed that the SC-MCCH and SC-MTCH search space is based on the Type-2 CSS design, with additional parameters (sent in SIB20 for SC-MCCH SS and SCPTMConfiguration message for SC-MTCH SS) to allow the network to optimise the SS configuration for different use cases.
Note, in some ways a Type-2 CSS with the added options listed above is very similar to a USS. 
Proposal 2: 	The SC-MCCH and SC-MTCH search spaces are based on the Type-2 CSS design, with additional parameters (sent using SIB20 for SC-MCCH SS and SCPTMConfiguration for SC-MTCH SS) to allow the network to configure:
· Separate narrowbands for each SC-MCCH/SC-MTCH  
· Separate values of G for each SC-MCCH/SC-MTCH
· “2” and “4” PRB options (may only be required for SC-MTCH)
Both SC-PTM and Paging use the same mechanism of having a message scheduled by the DCI. In addition, both are applicable to UE in IDLE mode. In this case, the possible collision cases can be summarized below –
· CSS for SC-PTM overlaps with CSS for Paging
· CSS for SC-PTM overlaps with Paging message (PDSCH)
· CSS for Paging overlaps with SC-MCCH/SC-MTCH (PDSCH)
From RAN2#95bis, there is the working assumption that Paging should have higher priority than SC-PTM. 
One concern with this prioritization is the reliability of SC-PTM transmission. Some use cases for SC-PTM such as firmware upgrades require a high degree of reliability.  If a paging occasion occurs during the time a UDP/IP packet is being sent, the UE may switch away from SC-MTCH reception to check for Paging message. Thus, the entire UDP/IP packet will be lost to the UE.
To prevent this issue, you would need to prioritize SC-PTM over paging. However, since RAN2 has decided as a working assumption to prioritize Paging over SC-PTM, it is to better to confirm the working assumption in order to progress the work. Therefore, it is proposed that when CSS for Paging overlaps with CSS for SC-PTM (either SC-MCCH/SC-MTCH), the UE will monitor CSS for Paging. This will ensure that Paging message has priority over SC-PTM transmissions.
However, in case of on-going PDSCH transmissions for either Paging or SC-MCCH/SC-MTCH, it is proposed that the UE does not retune away to monitor CSS for Paging/SC-PTM. This is in-line with current Rel-13 behaviour and will prevent UE from abandoning ongoing transmissions to monitor for higher priority messages.
Proposal 3: 		Define the following rules in case of overlap between SC-PTM and Paging –
· In case of overlap between CSS for paging and CSS for SC-PTM, UE will monitor CSS for paging.
· When receiving PDSCH (either Paging or SC-PTM), UE will not monitor CSS for Paging/SC-PTM.   

Conclusions
In this document, we have discussed both the choice of CSS type for the SC-MCCH/MTCH and the recent RAN2 working assumption prioritising Paging above SC-PTM.  From those discussions we have the following proposals for RAN1 to consider.

Proposal 1:	SC-MTCH for FeMTC can be scheduled either dynamically or using SPS.

Proposal 2: 	The SC-MCCH and SC-MTCH search spaces are based on the Type-2 CSS design, with additional parameters (sent using SIB20 for SC-MCCH SS and SCPTMConfiguration for SC-MTCH SS) to allow the network to configure:
· Separate narrowbands for each SC-MCCH/SC-MTCH  
· Separate values of G for each SC-MCCH/SC-MTCH
· “2” and “4” PRB options (may only be required for SC-MTCH)
Proposal 3: 		Define the following rules in case of overlap between SC-PTM and Paging –
· In case of overlap between CSS for paging and CSS for SC-PTM, UE will monitor CSS for paging.
· When receiving PDSCH (either Paging or SC-PTM), UE will not monitor CSS for Paging/SC-PTM.   
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