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1 Introduction

During RAN #60 meeting, “New WI: Low cost & enhanced coverage MTC UE for LTE” ([1]) was approved. In RAN1 #74bis meeting, agreements on PBCH were achieved as below:

“Agreements:

· Repetition should be specified as a method to improve coverage.

· FFS between continuous repetition and intermittent repetition. 

· The number of repetitions required is FFS subject to the agreed gain provided by other implementation means 

· Study the performance of repetition including potential decoding techniques till RAN1#75 

· Each company specify the assumption used for UE decoding to exploit intermittent repetition or decoding techniques

· PBCHs are transmitted only in center 6PRBs

· PBCH repetition occurs within 40msec

· In deciding OFDM symbols and subframes for repeated PBCHs, the following should be considered.

· More than 4 OFDM symbols at a subframe can be used for PBCH transmission

· Legacy PBCH is utilized by coverage enhancement (CE) UE (Working assumption)

· If the benefit with new PBCH is significant enough, it can be considered until RAN1 #75 meeting

· FFS: non-MBSFN configurable subframes should be used first. If needed, consider using MBSFN-configurable subframes

· FFS which TDD DL/UL configurations will be supported

· Supporting all TDD DL/UL configuration is considered”
In RAN1 #75 meeting, agreements on PBCH were achieved as below:

· “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 the next meeting 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.”

In this contribution, we analyze the above candidate coverage enhancement options for PBCH, give our preference on these options and also discuss which REs should be excluded for PBCH repetition.
2 Candidate coverage enhancement options for PBCH
Before considering the option selection for the repetition burst within the 40ms PBCH cycle and configuration of transmission across 40ms cycles, we need to make sure if all of the options can meet the performance requirement.
If one PBCH repetition is allocated in SF#0 and two PBCH repetitions are allocated in SF#5 in odd frames, there will be 2 times repetition for Option1 and 3 times repetition for Option 2 within the 40ms PBCH cycle. If one PBCH repetition is allocated in SF#0 and two PBCH repetitions are allocated in other sub-frames in all frames, there will be 4 times repetition for Option 3 and 8 times repetition for Option 4 within the 40ms PBCH cycle. 

The performance of Option 1 combined with Option A corresponds to 2 times continuous repetition in [2] while the performance of Option 2 combined with Option A corresponds to 3 times continuous repetition in [2] and the  performance of Option 3 combined with Option A corresponds to 4 times continuous repetition in [2]. From the simulation results in [2], 2 times and 3 times continuous repetition combined with 32 times “keep trying” decoding (decoding time is 1280ms) will bring about 10.7dB and 11.8dB gain respectively while 4 times continuous repetition combined with 16 times “keep trying” decoding (decoding time is 640ms) will bring about 11dB gain. If combined with option A, Option 1, 2, 3 and 4 can meet the coverage improvement requirement with 1.28s or less decoding time.

In [2], we have evaluated the performance of intermittent repetition combined with “keep trying” in which M times PBCH transmission  is done only within the first 40ms period of “keep trying” decoding time.  8 times intermittent repetition of legacy PBCH combined with 32 times “keep trying” decoding will bring 10.2dB gain.  If combined with Option B or Option C, in order to meet coverage improvement requirement, the decoding time lager than 1.28s would be required.
One of the merits of Option 1 and Option 2 is low resource occupation within a PBCH cycle. Also, for Option 1 and Option 2, common design can be applied for both FDD and TDD system with different UL/DL configurations. The resource occupation rate for Option 4 is very high within a PBCH cycle and Option 4 can’t be applied for all TDD UL/DL configurations.
For the three options for configuration of transmission across 40ms cycles, Option A is simplest but may have large overhead, and Option B is more flexible without specification impact (i.e., Option B can increase the eNB’s scheduling flexibility) while predefined pattern may be needed and there may have some implementation limitation for Option C. One of the most important questions to be answered for option selection is if common design needed for FDD and TDD with different UL/DL configurations. If same repetition resources are assumed for FDD system and TDD system with all UL-DL configurations, Option 1 and Option 2 are preferable for repetition burst within the 40ms PBCH cycle. We also need to consider the repetition burst within the 40ms PBCH cycle and configuration of transmission across 40ms cycles together when we select ONE option from the 4 options for the repetition burst within the 40ms PBCH cycle and ONE option from three options for configuration of transmission across 40ms cycles.  For the sake of simple implementation and common design for FDD and TDD system with different UL/DL configuration, it is preferable to select Option 1 or Option 2 for the repetition burst within the 40ms PBCH cycle and select Option A for configuration of transmission across 40ms cycles.
Proposal 1:  For the sake of simple implementation and common design for FDD and TDD system with different UL/DL configurations, it is preferable to select Option 1 or Option 2 for the repetition burst within the 40ms PBCH cycle.

Proposal 2: It is preferable to select Option A for configuration of transmission across 40ms cycles for simple implementation. Option B may be considered in order for increasing the scheduling flexibility.
3 REs for PBCH repetition and mapping
Based on the assumption that common design is applied for FDD and TDD with different UL/DL configuration, the REs assigned to control channels, legacy PBCH, Synchronization signals for both TDD and FDD system, and common reference signals should be excluded for PBCH repetition in the center 6PRBs of one subframe. For SF#0, if three OFDM symbols are assigned for DL control channel, the available REs for PBCH repetition in each of the center 6 PRBs are shown in Figure 1. For SF#5 in odd frames, the available REs for PBCH repetition in each of the center 6 PRBs are shown in Figure 2.
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Figure 1 REs for PBCH repetition in each of 6 PRBs for SF#0
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Figure 2 REs for PBCH repetition in each of 6 PRBs for SF#5 in odd frames
Proposal 3: The REs assigned to control channels, legacy PBCH, Synchronization signals for both TDD and FDD system, and common reference signals should be excluded for PBCH repetition in the center 6PRBs of one subframe.
Rate matching according to the number of available REs for PBCH repetition within the 40ms PBCH cycle could be applied for coded bits including legacy MIB and corresponding CRC. The block symbols based on the new rate matching could be mapped to the REs for PBCH repetition. Alternatively, the block of legacy PBCH symbols directly mapped to the REs for PBCH repetition may be considered as another candidate solution.
4 Conclusions
In this contribution, based on the analysis of the candidate coverage enhancement options for PBCH, We make the following proposals:
Proposal 1:  For the sake of simple implementation and common design for FDD and TDD system with different UL/DL configurations, it is preferable to select Option 1 or Option 2 for the repetition burst within the 40ms PBCH cycle.

Proposal 2: It is preferable to select Option A for configuration of transmission across 40ms cycles for simple implementation. Option B may be considered in order for increasing the scheduling flexibility.
Proposal 3: The REs assigned to control channels, legacy PBCH, Synchronization signals for both TDD and FDD system, and common reference signals should be excluded for PBCH repetition in the center 6PRBs of one subframe.
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