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1 Introduction

In RAN1#80 meeting, repetition for PBCH coverage enhancement was agreed as follows [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
· 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
This contribution reviews each option and proposes some down-selection among options. 
Option 1-A: SF#0 + always send repetition

Option 2-A: SF#0 + SF #5 in odd frames + always send repetition

Option 3-B: SF#0 + one SF in every frame + dynamic on/off

Option 3-C: SF#0 + repetition in one SF in every frame + repetition pattern

Option 4-B: SF#0 + repetition in three SFs in every frame + dynamic on/off

Option 4-C: SF#0 + repetition in three SFs in every frame + repetition pattern

2 Discussion on PBCH repetition options
First, the behaviour of each transmission option needs to be clarified. Option A is clear that repeated PBCH(s) will be also transmitted in every 40msec interval, and thus, always constant overhead is expected if the network supports coverage enhancement. Option C, regardless of whether signalling of pattern is given to a UE or not, transmits the repeated PBCHs according to the pattern(s). Even with Option C, if the pattern is not prefixed, for the initial blind detection, there may be no difference between Option B and C. However, once the UE is connected to the cell, Option C defines clear behaviour of data rate matching and may also allow fast re-acquisition of PBCH. On the other hand, if Option B is used, a UE may assume that there is no PBCH repetition transmitted for data rate matching purpose, and it does not provide any benefits in terms of re-acquisition. In other words, the PBCH acquisition latency cannot be reduced by network assistance. In that sense, we prefer Option C over Option B. To allow flexibility with Option C, turning off the repetition pattern or changing the repetition pattern can be considered. In this case, to keep the benefits of Option C, the network can inform UEs of the repetition pattern change. Overall, we consider that Option C can achieve similar flexibility to Option B with possibly additional enhancements, and thus propose to consider further only Option A and Option C. 
When Option C is used, we consider that a single pattern can be used. As the maximum supported coverage enhancement level by the network may change, multiple patterns can be considered where only one pattern is used for the repeated PBCH transmission. Figure 1 illustrates an example of Option A and Option C transmission. Multiple patterns can be defined by having different combinations of different PBCH burst period and the number of PBCH burst in each burst period. 
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(a) Legacy PBCH transmission
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(b) An example of continuous PBCH repetition (Option A)
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(c) An example of intermittent PBCH repetition (Option C)

Figure 1. PBCH repetition for coverage enhancement
For each option of repetition burst, the subframe where additional PBCHs are transmitted should be fixed. For example, when Option 3 or 4 is used, the subframe where additional PBCHs are transmitted needs to be prefixed. In terms of selecting the subframe, we propose the followings considered. 

· Avoid potential MBSFN subframes: in FDD, subframe #4, #5 or #9 is considered. If Option C is used, all subframes are used for PBCH repetition.

· In TDD, the common downlink subframes among different DL/UL configurations are selected. As DL/UL configuration 0 offers only 2 full downlink subframes, Option 4 may not work in that case. We consider that DL/UL configuration 0 is not supported by coverage enhancement if Option 4 is adopted. With that assumption, subframe #4, #5, #9 can be considered in TDD as well. 

Secondly, the performance of each option needs to be evaluated. The target MCL value for enhanced coverage MTC UE is 155.7dB, where PBCH may require 6.7dB + 4dB (additional loss 4dB) enhancement to meet the target MCL. Based on our earlier contribution [2], our observations are the followings. 
· If decoding latency target is 1280msec, Option 2-A or 4-C with 320msec burst period can meet the target performance. 

· If decoding latency target is 2560msec, Option 1-A/2-A or 3-C with 160msec burst period can meet the performance. 

· Option C generally offers better spectral efficiency as the overhead of repeated PBCHs can be reduced compared to Option A. 

Observation 1: If keep trying is applied, Option 1-A, 3-C and 4-C can satisfy the performance requirement. 

Proposal 1: When Option C is adopted, multiple candidate patterns can be considered where only one pattern is used by a cell at one time. 
3 Comparison between Option A and Option C 
Between Option A and Option C, we prefer Option C for the following reasons. 
· Resource overhead: resource overhead of each option may depend on the number of repetition and repetition pattern. Some example of possible resource overhead due to the repeated PBCHs are shown in Table 1, which illustrates that generally Option C can offer better spectral efficiency. 
Table 1. PBCH overhead for Option 1-A and 2-A

	Repetition
	Detection period
	Number of additional PBCH / Number of legacy PBCH

	Option 1-A
	1280msec
	128/128 (100%)

	Option 2-A
	1280msec
	256/128 (200%)


Table 2. PBCH overhead for Option 3-C and 4-C

	Repetition in 40msec burst
	PBCH burst period
	Detection period
	Number of additional PBCH / Number of legacy PBCH

	Option 3-C
	160msec
	2560msec
	192/256 (75%)

	Option 4-C
	320msec
	2560msec
	224/256 (90%)


· Scalability: Option C allows better flexibility to adjust the period of burst transmission according to the system situation, which supports flexible control on the spectral efficiency and the coverage requirement that system wants to support. 
Proposal 2: Further consider Option 3-C and Option 4-C. 

4 Repeated PBCH mapping

As agreed in the last meeting, all available REs would be used for PBCH repetition, and data will not be multiplexed with repeated PBCH transmission. Regarding the relationship with CSI-RS, we consider that the mapping can be different depending on the subframe where repeated PBCH is transmitted. 

In subframe #0, CSI-RS configuration colliding with legacy PBCH is not expected. In FDD, since the first slot last two OFDM symbols are used for SSS/PSS, CSI-RS configuration possibly in the second slot last two OFDM symbols may collide with repeated PBCH. For TDD, CSI-RS configurations in the first slot last two OFDM symbols may collide with repeated PBCH. For the second last OFDM symbol of the second slot, since CSI-RS configuration collide with SSS, a UE can assume that there will no CSI-RS transmission in that OFDM symbol. If repeated PBCHs are not mapped to any possible CSI-RS REs of CSI-RS configurations 0-19, for FDD, OFDM symbol 3, 4 in the first slot and OFDM symbol 4, some REs (DM-RS REs) in OFDM symbol 5 and 6 are available. For TDD, OFDM symbol 4, some REs (DM-RS REs) in OFDM symbol 5, 6 in the first slot and OFDM symbol 4 and 5 in second slot are available. 
For other subframe other than subframe #5 in even frmaes, a UE may assume that all CSI-RS configurations which are common between FDD and TDD (i.e., configuration 0 – 19) are not mapped to the repeated PBCH transmission. 
For subframe #5 in even frames, if used for PBCH repetition, a UE may be able to assume that CSI-RS may not be configured in that subframe. As CSI-RS will not be configured to conflict with legacy SIB1, it could be considered to have assumption that the repeated PBCH can be mapped to possible CSI-RS REs in those subframes. Though mapping PBCH repetitions on those subframes may impact legacy SIB1 transmission, thus, it is not desired. 
Proposal 3: The repeated PBCH(s) will not be mapped to all CSI-RS configurations which are common between FDD and TDD. 

5 Conclusion
This contribution discussed remaining issues for PBCH repetition. It proposes the followings.
Proposal 1: When Option C is adopted, multiple candidate patterns can be considered where only one pattern is used by a cell at one time. 
Proposal 2: Further consider Option 3-C and Option 4-C. 

Proposal 3: The repeated PBCH(s) will not be mapped to all CSI-RS configurations which are common between FDD and TDD. 
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