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1 Introduction

In RAN1#86bis the following agreements were reached:
Agreement:
•
The maximum number of on-going SC-MTCHs supported by SC-MCCH is reduced compared to LTE. 

•
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. 

Agreement:
•
Frequency hopping is supported in multicast to BL/CE UEs at least for max PDSCH channel bandwidth of 6 PRBs.

–
FFS whether the frequency hopping is controlled by the same SIB parameters as other DL transmissions or by separate SIB parameters and/or DCI

In this contribution, some considerations are given on the remaining issues of SC-PTM in FeMTC.

2 Design of search space

The main use cases for multicast downlink transmission in FeMTC are firmware/software updates and group message delivery, see [1]. In both cases a group of UEs within a cell need to be able to receive the SC-PTM transmission regardless of where the UE is, so the SC-PTM transmission, like paging, should be designed for the worst coverage case. It may be argued that this is inefficient for the best coverage UEs, however, it would be even more inefficient if each piece of application layer data for one multicast service is duplicated a few times each for one SC-PTM transmission corresponding to one coverage level.

Hence the design principles for Type1-CSS can be largely reused for the search spaces for SC-PTM transmission, e.g. PRB allocation and mapping of blind decoding candidates.

Proposal 1:   For the search space scheduling SC-MCCH and the search space scheduling SC-MTCH,
-  PRB allocation per narrowband is the same as Type1-CSS.
-  Mapping of blind decoding candidates for MPDCCH to {Aggregation level, Number of repetitions, Number of blind detections, number of PRBs} is the same as Type1-CSS.

-  Narrowband configuration method is reused from Type1-CSS.

On the other hand, the starting subframe determinations for the search spaces (SS) of both SC-MCCH and SC-MTCH should be different to Type1-CSS. For SC-MCCH, the SS starting subframes should be determined by the scheduling opportunities provided as part of SC-MCCH information carried in SIB20, as shown in Figure 1.
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Figure 1: SC-MCCH scheduling opportunities
Proposal 2:  For the search space scheduling SC-MCCH, the starting subframes for MPDCCH candidates are determined by the higher layer configuration for SC-MCCH scheduling opportunities carried in SIB20.

Similarly, for SC-MTCH, the starting subframes are determined by the higher layer configuration for SC-MTCH scheduling opportunities carried on SC-MCCH, see Figure 2.
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Figure 2: SC-MTCH scheduling opportunities
Proposal 3:  For the search space scheduling SC-MTCH, the starting subframes for MPDCCH candidates are determined by the higher layer configuration for SC-MTCH scheduling opportunities carried on SC-MCCH.

Furthermore, as agreed in RAN2#95bis [2], “RAN2 assumes that direct Indication or similar mechanism (that provides information in DCI) can be used for SC-MCCH change notification. RNTI is FFS”. This implies that SC-MCCH change notification shall be monitored in the search space scheduling SC-MCCH, or the search space scheduling SC-MTCH, or both. It is proposed to use both search spaces, for the following reasons,

· By indicating SC-MCCH change notification in the DCI scheduling SC-MTCH (as well as in the DCI scheduling SC-MCCH), the UE does not need to monitor the search space scheduling SC-MCCH when monitoring for/receiving SC-MTCH until a SC-MCCH change notification is detected, significantly reducing the power consumption used for multicast.
· Once a SC-MCCH change notification is detected, the UE does not need to detect the change notification again until the start of the next SC-MCCH modification period, so it is preferable that the UE is able to detect SC-MCCH change notification as early as possible.
Proposal 4:  SC-MCCH change notification is indicated in DCI formats carried in both the search space scheduling SC-MCCH and the search space scheduling SC-MTCH.
3 DCI format

In order to minimize the number of MPDCCH blind detections when introducing the support for SC-PTM, a compact DCI format (common to both SC-MCCH and SC-MTCH scheduling) is preferred. Due to the similarity of SC-PTM to paging, as discussed in section 3, DCI format 6-2 for Rel-13 eMTC can serve as a good starting point for the DCI design for SC-PTM transmission in FeMTC. It would be even more beneficial in terms of complexity reduction if the DCI size is kept the same as DCI format 6-2.
As mentioned in section 2, RAN2 assumes that either “direct indication” or “similar mechanism (that provides information in DCI)” can be used for SC-MCCH change notification. The problem of “direct indication” is that the change notification and scheduling of SC-MCCH/SC-MTCH are mutually exclusive, unnecessarily decreasing the number of scheduling opportunities for SC-MCCH/SC-MTCH. It is thus proposed to use a dedicated DCI field for SC-MCCH change notification.
Specifically, the DCI for SC-PTM transmissions in FeMTC can contain the following fields:

· SC-MCCH change notification.
· Resource block assignment.
· Modulation and coding scheme.
· Repetition number.
· DCI subframe repetition number.
Proposal 5:  The single DCI format for SC-PTM transmission in FeMTC contains the following fields:
-  SC-MCCH change notification.

-  Resource block assignment.

-  Modulation and coding scheme.

-  Repetition number.

-  DCI subframe repetition number.
4 Frequency hopping

In Rel-13 eMTC, frequency hopping for PDSCH is configured by the following RRC parameters:

· mpdcch-pdsch-HoppingConfig: UE-specific parameter for frequency hopping activation or deactivation. 
· For BL/CE UE in CE Mode A, frequency hopping for PDSCH associated with C-RNTI or SPS-RNTI is only enabled when this parameter is set and the frequency hopping flag in DCI format 6-1A indicates frequency hopping.
· For BL/CE UEs, frequency hopping for PDSCH associated with SI-RNTI or P-RNTI is enabled by cell-specific parameter si-HoppingConfigCommon instead.
· mpdcch-pdsch-HoppingNB-r13 (
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): cell-specific parameter for the number of narrowbands (2 or 4) for MPDCCH/PDSCH frequency hopping.
· interval-DLHoppingConfigCommonModeX (
[image: image4.wmf]DL

ch,

NB

N

): cell-specific parameter for the number of consecutive absolute subframes over which MPDCCH or PDSCH for CE mode X stays at the same narrowband before hopping to another narrowband.
· mpdcch-pdsch-HoppingOffset (
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): cell-specific parameter for offset between two consecutive hopping narrowbands.
The parameters for PDSCH carrying PCCH or BCCH can naturally apply to PDSCH carrying SC-MCCH or SC-MTCH. No clear benefit is seen in using a separate set of parameters to configure frequency hopping for PDSCH carrying SC-MCCH and SC-MTCH except the added configuration complexity in the eNB.
Proposal 6:  Frequency hopping for PDSCH carrying SC-MCCH or SC-MTCH is configured by the same set of RRC parameters used for PDSCH carrying PCCH or BCCH.
5 Conclusion
In this contribution, some considerations are given on supporting SC-PTM for FeMTC through the following proposals:

Proposal 1:  For the search space scheduling SC-MCCH and the search space scheduling SC-MTCH,

-  PRB allocation per narrowband is the same as Type1-CSS.

-  Mapping of blind decoding candidates for MPDCCH to {Aggregation level, Number of repetitions, Number of blind detections, number of PRBs} is the same as Type1-CSS.

-  Narrowband configuration method is reused from Type1-CSS.

Proposal 2:  For the search space scheduling SC-MCCH, the starting subframes for MPDCCH candidates are determined by the higher layer configuration for SC-MCCH scheduling opportunities carried in SIB20.

Proposal 3:  For the search space scheduling SC-MTCH, the starting subframes for MPDCCH candidates are determined by the higher layer configuration for SC-MTCH scheduling opportunities carried on SC-MCCH.

Proposal 4:  SC-MCCH change notification is indicated in DCI formats carried in both the search space scheduling SC-MCCH and the search space scheduling SC-MTCH.
Proposal 5:  The single DCI format for SC-PTM transmission in FeMTC contains the following fields:

-  SC-MCCH change notification.

-  Resource block assignment.

-  Modulation and coding scheme.

-  Repetition number.

-  DCI subframe repetition number.
Proposal 6:  Frequency hopping for PDSCH carrying SC-MCCH or SC-MTCH is configured by the same set of RRC parameters used for PDSCH carrying PCCH or BCCH.
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