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1 Introduction

In RAN1#75 we agreed the following [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
This contribution discusses these open issues.
2 Discussions
PBCH occupies 4 OFDM symbols across the 6 central PRBs in subframe 0.  Since it was also agreed that user data and MIB repetitions are not multiplexed within the same PRB, for efficient use of resources as many available REs as possible in PRBs containing PBCH should be used for PBCH repetitions [2]. The REs that cannot be used include at least those which are used for the control region, PSS, SSS and CRS. 

CSI-RS REs need further consideration, since Rel-10 UEs will not be aware of the presence of PBCH repetition, and MTC UEs will not necessarily be aware of CSI-RS configurations. Possibilities to consider include:

· Avoiding configuring CSI-RS that would collide with PBCH repetitions;

· puncturing the PBCH repetitions with any configured CSI-RS;
· defining the set of REs that can be used for PBCH repetition such that it excludes all REs that might be configured for CSI-RS. 
The first of these possibilities could significantly restrict the available CSI-RS configurations; the last possibility would in some cases drastically reduce the number of REs available for PBCH repetition. Therefore puncturing the PBCH repetitions with the actually-configured CSI-RS seems preferable. This would also leave open the possibility for the eNB to configure CSI-RS such that PBCH repetitions were avoided as an implementation option. Neither puncturing PBCH nor configuring CSI-RS to avoid PBCH are expected to have any specification impact, and the rate matching of the PBCH repetitions would not be affected.
Proposal 1: PBCH repetitions should be rate-matched to and mapped around all REs in the PRBs containing PBCH repetitions apart from REs used for the control region, CRS, PSS and SSS. PBCH repetitions can be punctured by any configured CSI-RS that collide with PBCH repetitions. 
Assuming 3 symbols are allocated for PDCCH and 2 transmit antennas are used.  If we use Proposal 1, the number of repetitions and theoretical gain for each of the 4 options is as shown in Table 1.

Table 1: Number of repetitions

	Option
	Description
	Number of Repetitions
	Theoretical Gain (dB)

	1
	Repetition in SF#0
	2.3
	3.6

	2
	Repetition in SF#0 + repetition in SF#5 in odd frames
	3.5
	5.4

	3
	Repetition in SF#0 + repetition in 1 other sub-frame in all frames (i.e. excluding SF#5)
	5.3
	7.2

	4
	Repetition in SF#0 + repetition in 3 other sub-frames in all frames (i.e. excluding SF#5)
	11.3
	10.5


In [3] the required coverage extensions for Category 1 UE and Low Cost UE in CE mode are 6.7 dB and 10.7 dB respectively.  Since the CE-MTC UE can utilise the “keep trying” method for PBCH, we can relax the required number of repetitions: the longer the UE tries to decode the PBCH, the less repetitions are required. Therefore Option 1 could be considered as the simplest option, which also preserves commonality between FDD and TDD. 
If it is desired to utilise another subframe so as to provide more repetitions, the choice of subframe should first avoid subframes which can be configured as MBSFN subframes, since this avoids having to handle MBSFN RS. This means that the additional subframe should be one of 0,4,5,9 for FDD and 0,1,2,5,6 for TDD. Considering this constraint, Option 2 is the only one which keeps commonality between FDD and TDD. 
It has been suggested that it could be beneficial to utilise cross subframe channel estimation, which would imply that the aditional subframe should be a subframe adjacent to SF#0 (i.e. subframe 9 in FDD or subframe 1 in TDD).  However, it is not possible to meet this goal without introducing further difference between FDD and TDD.
Proposal 2: PBCH repetitions are performed in SF#0 only (option 1), or in SFs #0 and #5 (option 2).

In RAN1#75 the following 3 methods of repeating PBCH were considered:
· Option A: Always send repetitions 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

Option A would consume a large proportion of system capacity whenever CE mode is operating, which would seriously adversely affect support for non-MTC UEs. Even if CE mode could be switched off during busy hours, the loss of capacity during CE mode operation is a major concern.  Option A should therefore not be considered further.

Option C can include a pattern where PBCH is not repeated which therefore allows the eNB to prioritize non-MTC UEs. Option B would provide full flexibility to the eNB, but it is not clear that this is necessary.  A compromise between options B and C could be to define a small number (e.g. 2 or 3) of fixed patterns in the specifications. 
Proposal 3: PBCH repetitions are turned on and off according to one of a small number of patterns defined in the specifications (i.e. Option C).
3 Conclusion

In this contribution we discuss some open issues in PBCH.  We propose:
Proposal 1: PBCH repetitions should be rate-matched to and mapped around all REs in the PRBs containing PBCH repetitions apart from REs used for the control region, CRS, PSS and SSS. PBCH repetitions can be punctured by any configured CSI-RS that collide with PBCH repetitions. 

Proposal 2: PBCH repetitions are performed in SF#0 only (option 1), or in SFs #0 and #5 (option 2).

Proposal 3: PBCH repetitions are turned on and off according to one of a small number of patterns defined in the specifications (i.e. Option C).
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