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1. Introduction 
In RAN1#79 the following is agreed:

· Agree that PBCH related agreements in Rel-12 captured in the background in R1-145400 are applied for Rel-13 low-complexity UEs and coverage enhancement UEs

· Working assumption: Legacy PBCH is utilized by Rel-13 low complexity UEs and coverage enhancement UEs in both normal and enhanced coverage

· Note: FFS: utilize spare bits in MIB

This contribution discusses some consideration on PBCH based on the above agreements.
2. Discussion
The following is agreed from [1]:
· 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

The repetition burst and the transmission pattern across 40ms cycles should be chosen to balance between acquisition time and spectral efficiency.  The Option A transmission pattern, where the repetition is always sent in every 40ms cycle, would reduce acquisition time but also reduce spectral efficiency.  Options B and C allow the eNB to trade off acquisition time against spectral efficiency.  These two options also allow the eNB to adjust the amount of coverage enhancement on a per-cell basis, thereby meeting one of the objectives in the WID [2] namely:

· The amount of coverage enhancement should be configurable per cell and/or per UE and/or per channel and/or group of channels. Relevant UE measurements and reporting to support this functionality should be defined.

A transmission pattern using Option B would provide full flexibility to the eNB but it is not clear if this is necessary.  Option C with a small number of fixed patterns where each pattern targets a different coverage level would make it more predictable for the UE. We have a slight preference to use Option C.

Proposal 1: Use Option C as the transmission pattern for PBCH across 40ms where the repetition of PBCH is based on known pattern(s) across a given number of cycles.
On the repetition burst within 40ms PBCH cycle, Option 1 would be the most spectrally efficient and also would have less impact on the eNB implementation.  Option 4 on the other hand is the least spectrally efficient.  Options 2 and 3 would provide a balance between these two extremes.  We have a preference for either Option 1 or Option 2.

Proposal 2: Use either Option 1 or Option 2 for the repetition burst within the 40 ms PBCH. 
It was agreed that user data and MIB repetition are not to be sent in the same PRB, and therefore for efficient use of resources the remaining resources in the PRB should be used for PBCH repetitions.  If CSI-RS is configured, then the CSI-RS REs would puncture the PBCH REs in PBCH-only PRBs.
Proposal 3: PBCH repetitions should be rate-matched to and mapped to all REs in the PRBs containing PBCH repetitions apart from REs used for the control region, CRS, PSS and SSS. 
Proposal 4: PBCH repetitions are punctured by any configured CSI-RS that collide with PBCH repetitions.

The MIB carries the system bandwidth information, the number of symbols used for PHICH and the SFN.  The system bandwidth and SFN are required by LC-MTC UEs.  Although PHICH info is not required for LC-MTC UE, if LC-MTC UE and legacy UE shares the same PBCH, this PHICH info is used by legacy UE.  Therefore the existing MIB structure can be retained for LC-MTC operation.

Proposal 5: Confirm the
working assumption: Legacy PBCH is utilized by Rel-13 low complexity UEs and coverage enhancement UEs in both normal and enhanced coverage.  FFS whether the spare bits in MIB can be utilised.
3. Conclusion

In this contribution we have discussed some considerations for PBCH.  We propose the following:
Proposal 1: Use Option C as the transmission pattern for PBCH across 40ms where the repetition of PBCH is based on known pattern(s) across a given number of cycles.
Proposal 2: Use either Option 1 or Option 2 for the repetition burst within the 40 ms PBCH. 
Proposal 3: PBCH repetitions should be rate-matched to and mapped to all REs in the PRBs containing PBCH repetitions apart from REs used for the control region, CRS, PSS and SSS. 

Proposal 4: PBCH repetitions are punctured by any configured CSI-RS that collide with PBCH repetitions.

Proposal 5: Confirm the
working assumption: Legacy PBCH is utilized by Rel-13 low complexity UEs and coverage enhancement UEs in both normal and enhanced coverage.  FFS whether the spare bits in MIB can be utilised.
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