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1 Introduction

The mapping for PBCH repetitions was discussed in RAN1#82bis and the following was agreed.  

Agreement:
· Confirm working assumption of PBCH repetition for enhanced frequency tracking.

· Symbols without CRS are repeated in symbols without CRS in a PBCH subframe

· Symbols with CRS may be repeated in symbols with CRS in a PBCH subframe

· FFS whether it  can be repeated in symbols without CRS
This contribution considers the mapping of PBCH repetitions. 

2 PBCH Mapping
The only remaining issue is to decide between:

a) legacy PBCH symbols with CRS are repeated only in subframe symbols with CRS (excluding the legacy DL control region), or
b) legacy PBCH symbols with CRS are repeated both in subframe symbols with CRS and in subframe symbols without CRS

a. A dependent issue is whether, in subframe symbols without CRS, CRS is also transmitted or the REs are used for PBCH power boosting.
Although in [1] we considered the first option above, it is recognized that the second option offers balanced repetitions for PBCH information thereby resulting to best performance. Repeated PBCH symbols with CRS in subframe symbols without CRS need only be the ones associated with CRS antenna ports (APs) 2 and 3. CRS in such symbols does not need to be transmitted because (a) CRS for APs 2 and 3 may anyway not exist, (b) it is simpler for a network in symbols without CRS to reserve REs without having to transmit CRS, and (c) it is unlikely that the UE will use such additional CRS for any purpose, including for frequency tracking, as the UE does know the actual number of CRS APs prior to PBCH detection. The eNB can use the reserved REs for power boosting.

Proposal 1: Legacy PBCH symbols with CRS are repeated both in subframe symbols with CRS and in subframe symbols without CRS. For legacy PBCH symbols with CRS repeated in subframe symbols without CRS, CRS is not transmitted.

For FDD, in order to optimize coherent combining of repetitions due to the (uncorrected) frequency offset, the subframes with PBCH repetitions are #9 and #0. Figure 1 presents a mapping for PBCH repetitions. 

a) 3 symbols per subframe are used for the legacy control region and, after excluding symbols for PSS/SSS, there are a total of 20 symbols for PBCH repetitions (including the legacy one), thereby allowing for an integer number of 5 repetitions (including the legacy one).

b) Symbols labeled ‘1’, ‘2’, ‘3’, and ‘4’ contain respectively the REs for the 1st, 2nd, 3rd, and 4th symbol of the legacy PBCH transmission. 
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Figure 1: Mapping for PBCH repetitions in FDD to enable increased SINR for frequency error correction.
For TDD, SF#0 and SF#5 are used for PBCH repetitions. One difference relative to FDD is that the temporal separation of SF#0 and SF#5 is too large for the frequency error correction to rely on inter-subframe symbols; however, the relative effective SINR reduction is small. Another difference is that only one symbol in SF#0 and SF#5 is used for SSS (and none for PSS). Figure 2 presents a mapping of PBCH repetitions for TDD following the same principles as for FDD in Figure 1. As for FDD, the total number of repetitions is an integer of 5 repetitions (including the legacy PBCH).
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Figure 2: Mapping for PBCH repetitions in TDD to enable increased SINR for frequency error correction.
Proposal 2: Adopt the structures in Figure 1 and Figure 2 for PBCH repetitions in FDD and TDD, respectively. 

3 Conclusions

This contribution considered the PBCH repetition structure. In particular, the following are proposed.
Proposal 1: Legacy PBCH symbols with CRS are repeated both in subframe symbols with CRS and in subframe symbols without CRS. For legacy PBCH symbols with CRS repeated in subframe symbols without CRS, CRS is not transmitted.
Proposal 2: Adopt the structures in Figure 1 and Figure 2 for PBCH repetitions in FDD and TDD, respectively. 
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