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1 Introduction

The Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1] targets a 15-dB coverage enhancement for UEs operating delay tolerant MTC applications.

In order to allow for coverage enhancement of PBCH, additional PBCH repetitions will be introduced on top of the existing legacy PBCH transmissions illustrated in Figure 1.
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Figure 1: Legacy PBCH transmission pattern with 4 PBCH transmissions per 40 ms
RAN1 considered the following options for the PBCH repetition within each 40-ms 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

RAN1 furthermore considered the following options for the PBCH repetition across 40-ms 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
RAN1#80 made the following agreements related to PBCH repetition:

	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


RAN1#80bis made the following agreements related to PBCH repetition:
	Agreement: 

· PBCH repetition option is 3A for FDD and as a working assumption for TDD

· It is up to the network whether to configure PBCH repetitions in a cell or not

· The PBCH repetition configuration can be regarded as a long-term property of the cell

· UE can assume the PBCH repetition on/off is the same in subsequent wake-up as initial acquisition

· FFS the other subframe for repetition

· For TDD, can revisit if significant issues are found


The mentioned ‘Option 3A’ corresponds to additional repetitions in subframe #0 and in one other subframe in all frames, resulting in 4 times more PBCH transmissions per 40 ms compared to legacy.

2 Discussion
It remains to be decided whether the working assumption to use option 3A also for TDD can be confirmed and what ‘other subframe’ beside subframe #0 should be used for PBCH repetition (in FDD and TDD).
If all TDD DL-UL configurations should support the PBCH repetition, there are not so many subframes to choose from. In configuration #0 there are only two DL subframes: subframe #0 and subframe #5. But since SIB1 is transmitted in subframe #5 in even frames it is problematic to transmit PBCH repetitions in subframe #5 in every frame. One possibility is to adopt option 2A for TDD rather than option 3A. This will result in a somewhat longer MIB acquisition time but it will not be causing any major problems [2]. It has been argued that option 2A would involve more blind decoding than option 3A but our understanding is that there is no difference between options 2A and 3A with respect to the amount of blind decoding that the UE needs to carry out.
In the general case the UE does not know the DL-UL configuration when it reads the PBCH so it is not a good idea to make the ‘other subframe’ dependent on the DL-UL configuration. But it can be argued that it may not be necessary to support PBCH repetition at all in the most asymmetric DL-UL configuration. In all configurations except configuration #0, subframe #9 is also a DL subframe. This suggests that for TDD, the ‘other subframe’ should be subframe #9. From UE power consumption point of view it may be beneficial to pick two adjacent subframes (e.g. subframe #9 and subframe #0) even in the FDD case.
However, MBSFN can be configured in all subframes except subframes 0, 4, 5 and 9 for FDD and subframes 0, 1, 5 and 6 for TDD. In the general case, the UE does not know the MBSFN configuration when it reads the PBCH, so the ‘other subframe’ should not depend on the MBSFN configuration.
In our view, this speaks in favor of adopting option 2A for TDD, meaning that the ‘other subframe’ is subframe #5 in odd frames for TDD. For FDD, with option 3A, we prefer that the ‘other subframe’ is subframe #9, since this will avoid collision with SIB1 and help minimize UE power consumption.

Proposals:

· For TDD, adopt PBCH repetition option 2A.

· For FDD, adopt PBCH repetition option 3A with the ‘other subframe’ in subframe #9.

We would in principle be open to adopt PBCH repetition option 2A for both TDD and FDD if RAN1 would like to revisit the FDD agreement from RAN1#80bis.
3 Conclusions

Proposals:

1. For TDD, adopt PBCH repetition option 2A.

2. For FDD, adopt PBCH repetition option 3A with the ‘other subframe’ in subframe #9.
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