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1. Introduction

In the RAN1#80 meeting, the narrow downed options for PBCH coverage enhancements and the RE mapping in a subframe used for PBCH repetition was agreed as below [1].

Agreements:
· Narrow down the options for PBCH coverage enh as follows:
· Agree that we only select ONE of the following options that define the repetition burst within the 40ms PBCH cycle:

· Option 1: Repetition in SF#0

· Option 2: Repetition in SF#0 + repetition in SF#5 in odd frames.

· Option 3: Repetition in SF#0 + repetition in 1 other sub-frame in all frames

· Option 4: Repetition in SF#0 + repetition in 3 other sub-frames in all frames 

· FFS until RAN1#80bis which REs should be excluded for PBCH repetition

· Agree that “user data and MIB repetition are assumed not to be sent in the same PRBs.”

· Agree that we shall only select ONE of the options below for configuration of transmission across 40ms cycles:

· Option A: Always send repetition in every 40ms cycle.

· Option B: Dynamic on/off of repetitions on a per 40x ms cycle basis.

· Option C: Repetition based on pattern(s) across a given number of cycles.

· Choose among Option 1-A or 2-A or 3-B or 3-C or 4-B or 4-C in RAN1#80bis
Agreements:
· In subframes where PBCH repetition occurs, available REs in PRB pairs containing MIB are used for PBCH

· Available REs are REs not used for the legacy control region, PSS/SSS OFDM symbols and CRS

· Handling of possible collision with CSI-RS in these PRB pairs is FFS

· Rel-13 low complexity MTC UE assumes the legacy control region is set to 3 OFDM symbols

· Working Assumption: RE mapping for FDD and TDD are different in at least SF#0

· NOTE: The PBCH repetition may not be an integer

In this contribution, we will discuss PBCH enhancements for Rel-13 MTC UEs based on above agreements and provide our view and some details.
2. PBCH repetitions
As shown Figure 1, 4 options to define the repetition burst within the 40ms PBCH cycle - option 1, option 2, option 3 and option 4 was discussed for PBCH coverage enhancements. 
Among the 4 options, option 1 could need larger detection latency than other options, and consequently consume more UE battery power. However, the latency could be shorter if just few 40ms PBCH cycles are used to satisfy the required performance. It means that there are some benefits - shorter latency and low UE power consumption from shorter active receive time if more subframe(s) are defined for the repetition burst within the 40ms PBCH cycle as options 3 and option 4.
Therefore, among 4 options to define the repetition burst within the 40ms PBCH cycle, option 3 or option 4 is more preferable with consideration of shorter latency and low UE power consumption
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Figure 1. Options to define the repetition burst within the 40ms PBCH cycle
For the configuration of transmission across 40ms PBCH cycles, the other 3 options - option A, option B and option C was also discussed. In option A, the overhead would be too high if option A is combined with option 3 or option 4. 

With comparison between option B and option C, option C could have benefits on UE power consumption. The UE power consumption could be reduced by the UE's wake-up from an extended DRX cycle with re-acquirement of the SFN through the MIB [2]. In option 3, the extended DRX cycles could be aligned with PBCH repetition patterns. 
Furthermore, option C could be option B if the given number of cycles in option C is an infinite number of cycles, and option C could be option A if the given number of cycles in option C is 1 [3] . 

    Therefore, Option C could be preferred with above benefits.
Proposal 1: 

Among the options for PBCH coverage enhancements, option 3-C or option 4-C is more preferable for PBCH repetitions.
  The other issue is which subframe is used for PBCH receptions if Option 3 or Option 4 is adopted. For this, first of all, the CSI-RS transmission could be considered with SIB-1 and paging transmission. According to the current specification, a UE shall assume that CSI-RS is not transmitted: 

-
in subframes where transmission of a CSI-RS would collide with SystemInformationBlockType1 messages,

-
in the primary cell in subframes configured for transmission of paging messages in the primary cell for any UE with the cell-specific paging configuration.
  Therefore, subframe #9 for FDD and subframe #0 for TDD could be considered as other subframe used for PBCH repetitions in options 3 or option 4 because at lease these subframes are paging occasions. Furthermore, subframe #4 for FDD and subframe #5 for TDD which are other possible paging occasions (but not always)  could be also considered as other subframe used for PBCH repetitions in option 4.
  For TDD, subframe #0, #1, #5, #6 could be used for PBCH repetitions in option 4 if UL-DL configuration 0 is used in PBCH coverage enhancements and the subframes for PBCH repetitions are the same for all UL-DL configurations. In this case, CSI-RS transmission could be restricted because CSI-RS cannot be transmitted in special subframes in the current specification. Alternatively, subframe #9 could be used for PBCH repetitions instated of one special subframe  if UL-DL configuration 0 is not used in PBCH coverage enhancements.

Proposal 2: 

The subframes used for PBCH repetitions could be
  - With option 3

    ▪ subframe #0, #5 or subframe #0, #9 (same or different between FDD and TDD)
  - With option 4

    ▪ FDD: subframe #0, #4, #5, #9
   ▪ TDD: subframe #0, #1, #5, #6 (or subframe #0, #1(or #6), #5, #9)
3. Conclusion
In this contribution, we discussed PBCH enhancements for Rel-13 MTC UEs and provided our view and some details with following our proposal:

Proposal 1: 

Among the options for PBCH coverage enhancements, option 3-C or option 4-C is more preferable for PBCH repetitions.
Proposal 2: 

The subframes used for PBCH repetitions could be

  - With option 3

    ▪ subframe #0, #5 or subframe #0, #9 (same or different between FDD and TDD)
  - With option 4

    ▪ FDD: subframe #0, #4, #5, #9
   ▪ TDD: subframe #0, #1, #5, #6 (or subframe #0, #1(or #6), #5, #9)
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