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1 Introduction

In RAN1 #86bis meeting [1], the following was agreed regarding support of SC-PTM in Rel-14 eNB-IoT:
· Transmission of a given SC-MCCH is restricted to one NB-IoT carrier

· Transmission of a given SC-MTCH is restricted to one NB-IoT carrier
· Different SC-MTCHs can be transmitted over different NB-IoT carriers, while one SC-MTCH is sent on one NB-IoT carrier.
Further, RAN1 also agreed to request for feedback from RAN2 on the possible configurations of SC-MCCH and SC-MTCH [1]:

· The maximum number of on-going SC-MTCHs supported by SC-MCCH is reduced compared to LTE. 

· Send LS to RAN2 to

· Inform RAN2 that RAN1 assumes the maximum number of on-going SC-MTCHs supported by SC-MCCH is reduced compared to LTE

· Request RAN2 to inform RAN1 of the maximum number of on-going SC-MTCHs supported by SC-MCCH in NB-IoT.

· Also include the larger maximum TBS value (if agreed this week)

· Request RAN2 to inform RAN1 whether and how segmentation of SC-MCCH will be supported in Rel-14.

On search space design options and NPDCCH monitoring, RAN1 made the following agreements for SC-PTM [1]: 

· For the search space scheduling SC-MCCH (called Type1-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 Type1-MSS are configured per SC-MCCH by higher layers

· 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 NNPDSCH carrying SC-MTCH

Meanwhile, at the RAN2 #95bis meeting, RAN2 WG made good progress on SC-PTM, from which some of the agreements with direct relevance to RAN1 are listed below [2]:

	· R2 expect that RAN1 specifies physical layer coverage enhancement methods e.g. repetitions, power boosting etc
· FFS if we have CE levels definition for SC-PTM
· UE need to know whether to attempt to receive a SC-PTM transmission or not, based on the UE radio conditions vs. the expected coverage of the SC-PTM transmission. FFS if the UE can do this based on knowing MCS and repetitions 
· Different multicast services may have different coverage enhancement levels, which should be configurable depending on the need for a particular coverage enhancement for that service.

· The number of L1-combinable repetitions for multicast service is decided together with MCS selection in the eNB.
· In Rel-14 we will not have a solution with feedback. 
· We don’t spend effort to introduce assistance from UE for SC-PTM CE level control in Rel-14
· SC-MCCH for feMTC and NB-IoT is scheduled dynamically. 
· We assume we need to support large values for SC-MCCH modification period, repetition period. Exact values FFS
· RAN2 assumes that direct Indication or similar mechanism (that provides information in DCI) can be used for SC-MCCH change notification. RNTI is FFS. 
· SIB20 indicate the carrier for SC-MCCH, and SC-MCCH indicate the carrier for MTCH. FFS if there can be multiple SC-MCCH
· 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 



Considering the above sets of agreements, in this contribution, we share our views on the remaining details for support of SC-PTM for Rel-14 eNB-IoT with primary focus on the scheduling and search space design aspects.
2 Search space for SC-MCCH and SC-MTCH scheduling
2.1 Search space (SS) nomenclature
Following the same principles as in Rel-13 NB-IoT, it is proposed that the SS used for monitoring of NPDCCH scheduling NPDSCH carrying SC-MCCH and SC-MTCH are referred to as Type3-Common Search Space (CSS) for NPDCCH and Type4-CSS for NPDCCH respectively instead of being referred to as “Multicast search spaces”. Although these search spaces are not expected to be monitored by all UEs in the cell, similar behaviour occurs even for the paging and random access related NPDCCH CSSs that are monitored by different sets of UEs according to their respective UE-IDs, coverage level, etc. Thus, for consistency within the physical layer specifications, it is recommended to adopt the CSS-based terminology.
2.2 Search space (SS) type
As mentioned in the Introduction, RAN1 agreed that UE monitoring of blind decoding candidates for scheduling of SC-MCCH is based on either of Type1-CSS (paging) or Type2-CSS (random access) for NPDCCH.  
Since SC-MCCH is supported only for UEs in Idle mode and possibly only a single SC-MCCH may be supported in the cell, the transmission of NPDCCH and NPDSCH for SC-MCCH can be expected to typically target the maximum coverage level supported in the cell. This makes the scheduling and transmission of SC-MCCH quite similar to that of paging, wherein the network can be expected to select the transmission parameters more conservatively compared to transmission of other physical channels that may be catered to UEs in particular coverage conditions (e.g., Type2-CSS for NPDCCH, USS for NPDCCH). Therefore, one can expect that the selection of the number of repetitions for the transmission of NPDCCH scheduling the SC-MCCH can be fairly static. 
Following from the above description, the design of Type3-CSS (for SC-MCCH scheduling) can follow Type1-CSS for NPDCCH (for paging). However, it has been suggested that it may be beneficial from the network scheduling flexibility perspective that the Type3-CSS design follows the Type2-CSS (used for random access procedure). This is because, within a single period/instance of the search space, for the case of Type1-CSS, all NPDCCH blind decoding candidates have the same starting point, wherein for Type2-CSS, an NPDCCH blind decoding candidate with a smaller number of repetition (four different RLs are supported in a SS, largest corresponding to Rmax) may start in a subframe that falls in the middle of a candidate with higher number of repetitions, i.e., have multiple candidates in time-domain within the SS. 
Accordingly, the network can enjoy scheduling flexibility in time domain by configuring a larger value of Rmax such that there exist 2, 4, or 8 different opportunities for the starting subframe of the NPDCCH candidate that is actually transmitted at RLs that are half, one-fourth, and one-eighths of Rmax. This way, the network may have the ability to multiplex time-domain resources with other DL transmissions. 
However, due to the coverage targets (that influence the choice of RL, MCS selection) expected for SC-MCCH scheduling, a large number of repetitions can be expected to be configured. Thus, for the above flexibility to be realizable, the Rmax needs to be over-dimensioned w.r.t. the intended RL used for NPDCCH transmission, and can be significantly large. This implies that the UE would need to decode multiple candidates for each RL (< Rmax) with large number of repetitions, thereby adversely affecting the power consumption. 
Further, it should be noted that due to the very large number of repetitions typically expected for SC-MCCH scheduling, each NPDCCH candidate with RL (< Rmax) can still span a large number of subframes, and thus, the overall flexibility in multiplexing with other more dynamic and shorter DL transmissions can be quite limited in practice. 

Observation 1
· Type3-CSS (Type1-MSS) for NPDCCH design following Type1-CSS for NPDCCH is more suitable considering the typical configuration of SC-MCCH.
· Type3-CSS (Type1-MSS) for NPDCCH design following Type2-CSS for NPDCCH can provide limited scheduling flexibility at the cost of increased UE power consumption due to the large number of repetitions expected to be used for NPDCCH candidates for scheduling of NPDSCH carrying SC-MCCH.
Proposal 1
· The design of Type3-CSS (Type1-MSS) for NPDCCH (for SC-MCCH scheduling) with respect to the blind decoding candidates follows Type1-CSS for NPDCCH.
Compared to the case of SC-MCCH, the scheduling of SC-MTCH can be more flexible with potentially different configurations targeting different coverage levels depending on the multicast service, etc. Thus, there may be SC-MTCH sessions with a more diverse set of numbers of repetitions. Accordingly, the benefits in terms of scheduling flexibility from following Type2-CSS for the design of Type4-CSS may be better realized, and without significantly increasing the device power consumption, at least when the Rmax for the CSS is not very large.
Observation 2
· The benefits of designing Type4-CSS (Type2-MSS) for NPDCCH similar to Type2-CSS for NPDCCH can be expected to be better realized for SC-MTCH scheduling compared to SC-MCCH scheduling, at least when the Rmax for the CSS is not very large.
Proposal 2
· RAN1 to further discuss whether the design of Type4-CSS (Type2-MSS) for NPDCCH (for SC-MTCH scheduling) with respect to the blind decoding candidates follows Type1-CSS or Type2-CSS for NPDCCH.
2.3 Search space configuration
RAN2 WG has already agreed that the carrier information for SC-MCCH is provided via SIB signaling (SIB20-NB) while that for SC-MTCH is indicated via the SC-MCCH.
Following this, for SC-MCCH, the configuration for Type3-CSS for NPDCCH can be provided via the SIB, including the carrier information, maximum number of repetitions (Rmax), and starting subframe configuration (values of G and α). The AL should be fixed to 24 using a 2+4 PRBs configuration, using distributed NPDCCH.
For each instance of SC-MTCH, the configuration of the Type4-CSS for NPDCCH can either be indicated entirely via the SC-MCCH, or partly via SIB signaling and partly (including at least the carrier information) via the SC-MCCH. 

Proposal 3 
· Configuration of Type3-CSS (Type1-MSS) for NPDCCH (for SC-MCCH scheduling) is provided via SIB signaling.
· Configuration of Type4-CSS (Type2-MSS) for NPDCCH (for SC-MTCH scheduling) is provided at least in part via SC-MCCH.
· Type3-CSS and Type4-CSS (Type2-MSS) for NPDCCH support a fixed AL = 24 for a 2+4 NPDCCH PRB-set and use distributed NPDCCH.
For the same SC-PTM service, while it may be beneficial to support different SC-MTCH tailored for different coverage levels that may be monitored by UEs depending on their DL RSRP-based measurements, care must be taken in minimizing the overhead incurred with redundant broadcasting targeting UEs in different coverage levels. 

Proposal 4
· RAN1 to further discuss the trade-offs involved for CE-level differentiated transmission of multiple SC-MTCHs in a cell.
3 Support of SC-MCCH change notification 

RAN2 has agreed that “RAN2 assumes that direct Indication or similar mechanism (that provides information in DCI) can be used for SC-MCCH change notification. RNTI is FFS.”

Accordingly, considering the better flexibility and the ability to support similar functionality as in Rel-13 SC-PTM, it is proposed that SC-MCCH change notification is indicated via the DCI scheduling SC-MCCH in Type3-CSS for NPDCCH with the CRC of the DCI scrambled by SC-RNTI. Thus, a single DCI is transmitted with CRC scrambled by SC-RNTI only, and a one-bit field in the DCI format is used to indicate the occurrence of change in the SC-MCCH information.

In this regard, a natural choice of the DCI format for scheduling of SC-MCCH is DCI format N2 (used for scheduling of paging and direct indication). Thus, the 1-bit Flag field (field used for paging or direct indication differentiation) can be re-interpreted to indicate SC-MCCH change notification, while the rest of the fields can indicate the resource allocation information for the NPDSCH. Once a change notification indication is identified by the UE upon successful decoding of the DCI, the UE is expected to acquire the new SC-MCCH carried via the associated NPDSCH. In case of application of segmentation such that the SC-MCCH payload is segmented and carried via multiple NPDSCH TBs, the change notification flag should be enabled for all NPDCCH transmissions carrying the corresponding DCIs. 
Proposal 5
· SC-MCCH change notification is indicated via a 1-bit field in the DCI used to schedule NPDSCH carrying SC-MCCH with the CRC scrambled with SC-RNTI.

· DCI format N2 is re-used for the scheduling of SC-MCCH and SC-MTCH.
4 Conclusion

In this contribution, we presented our views on the remaining details for support of SC-PTM for Rel-14 eNB-IoT with primary focus on the scheduling and search space design aspects. Based on the forgoing discussion, we summarize our views through the following observations and proposals:

Observation 1
· Type3-CSS (Type1-MSS) for NPDCCH design following Type1-CSS for NPDCCH is more suitable considering the typical configuration of SC-MCCH.
· Type3-CSS (Type1-MSS) for NPDCCH design following Type2-CSS for NPDCCH can provide limited scheduling flexibility at the cost of increased UE power consumption due to the large number of repetitions expected to be used for NPDCCH candidates for scheduling of NPDSCH carrying SC-MCCH.
Proposal 1
· The design of Type3-CSS (Type1-MSS) for NPDCCH (for SC-MCCH scheduling) with respect to the blind decoding candidates follows Type1-CSS for NPDCCH.
Observation 2
· The benefits of designing Type4-CSS (Type2-MSS) for NPDCCH similar to Type2-CSS for NPDCCH can be expected to be better realized for SC-MTCH scheduling compared to SC-MCCH scheduling, at least when the Rmax for the CSS is not very large.
Proposal 2

· RAN1 to further discuss whether the design of Type4-CSS (Type2-MSS) for NPDCCH (for SC-MTCH scheduling) with respect to the blind decoding candidates follow Type1-CSS or Type2-CSS for NPDCCH.
Proposal 3 
· Configuration of Type3-CSS (Type1-MSS) for NPDCCH (for SC-MCCH scheduling) is provided via SIB signaling.
· Configuration of Type4-CSS (Type2-MSS) for NPDCCH (for SC-MTCH scheduling) is provided at least in part via SC-MCCH.
· Type3-CSS and Type4-CSS (Type2-MSS) for NPDCCH support a fixed AL = 24 for a 2+4 NPDCCH PRB-set and use distributed NPDCCH.
Proposal 4
· RAN1 to further discuss the trade-offs involved for CE-level differentiated transmission of multiple SC-MTCHs in a cell.

Proposal 5
· SC-MCCH change notification is indicated via a 1-bit field in the DCI used to schedule NPDSCH carrying SC-MCCH with the CRC scrambled with SC-RNTI.

· DCI format N2 is re-used for the scheduling of SC-MCCH and SC-MTCH.
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