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1 Introduction

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

Agreement:

· In subframes with PBCH repetition:

· CSI-RS punctures PBCH repetition REs

· Working assumption: consider mapping PBCH repetition symbols for improving frequency tracking loop operation 

· FFS detailed mapping (within and across subframes)

· FFS: signal if the eNB is using PBCH repetition, e.g. for R13 or later regular UEs to rate match around

This contribution considers the mapping of PBCH repetitions to enable increased accuracy for frequency tracking. 

2 PBCH Mapping
The impact of the frequency error on the BLER, due to the limitation it places on a number of subframes for RS filtering for channel estimation, has been extensively evaluated and was shown to be the limiting factor in maximizing BLER gains due to improved channel estimation. The ability of a UE or an eNB to correct the frequency error is directly dependent on the SINR of the signal used for frequency error correction (e.g. [1, 4]). By utilizing replicas of a signal transmission in the repetitions, this SINR can be significantly improved (in the range of 20 dB) as not only the CRS but all data symbols can also be used for frequency error correction [2, 3]. As the PBCH is the first channel with repetitions that a UE receives, it is beneficial to use it to correct the frequency error at the UE receiver in order to facilitate detection of subsequent data TBs, such as SIBs.

For FDD, in order to optimize coherent combining of repetitions due to the (uncorrected) frequency offset, it was agreed that the subframes with PBCH repetitions are #9 and #0. Several possible mappings can exist that allow for a sufficient large increase in the combined SINR of symbols used for frequency error correction. Figure 1 presents such a mapping but any mapping that enables sufficient frequency error correction capability will suffice. The allocation in Figure 1 considers the following:

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).

b) There are a total of 6 symbols (3 per subframe) for repetitions of the legacy PBCH symbol ‘1’ that contains CRS antenna port (AP) 0. CRS AP0 is the only one a UE may assume present and use for frequency error correction. Symbols marked as ‘1*’ contain the same data as symbol ‘1’ for legacy PBCH (only the REs of CRS APs 0 and 1 are switched). There are a total of 14 remaining symbols to be used for repetitions of symbols ‘2’, ‘3’ and ‘4’ of the legacy PBCH – for nearly equal repetition numbers, the optimal distribution is (5, 5, 4) or a permutation. 

c) Symbol ‘2’ that may contain CRS from APs 3 and 4 is repeated in subframe symbols that do not contain CRS from APs 3 and 4. Due to the agreement to map PBCH repetitions to all available REs, the REs where CRS from APs 3 and 4 may be transmitted are used to either repeat the RE with the immediately lower index in the same symbol or, for simplicity but likely against the agreement, are left empty and can be used for power boosting. If repeated, those REs may not be included for frequency error correction but may be included for PBCH reception.
d) Spacing between symbols with the same index is 1 slot or 1 subframe (same as the spacing for symbols containing CRS AP0 at same REs) or smaller. It is trivial for the UE to apply a scaling factor to a phase estimate to account for any spacing (such as 1 slot, 1 subframe, or less) as long as the spacing is not too large for the phase shift to approach 2. Assuming a maximum VCO error of 0.1 ppm for the UE, of 0.05 ppm for the eNB, and a carrier frequency of 2 GHz, the maximum frequency offset is 300 Hz leading to a maximum phase shift of 2 x 300 (Hz) x 0.5e-3 (sec) = /3 over 1 slot or of 2/3 over 1 subframe. Even though the estimation range of the frequency error is reduced, frequency error estimation using repetition with 1 subframe spacing can be beneficial as longer spacing between repetitions can provide more accurate frequency error estimation performance without additional repetitions [4]. Therefore, the repetition pattern for PBCH should also enable frequency error estimation using a repetition pattern with 1 subframe spacing – this can be applicable to FDD.
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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 these subframes is too large for the frequency error correction to rely on inter-subframe symbols but this is not an issue as the relative effective SINR reduction is small. Another difference is that only one symbol in subframes 0 and 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.
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Figure 2: Mapping for PBCH repetitions in TDD to enable increased SINR for frequency error correction.

Proposal: Adopt the structures in Figure 1 and Figure 2 for the PBCH repetitions in FDD and TDD, respectively. 

3 Conclusions

This contribution considered the PBCH repetition structure. In particular, the following is proposed.
Proposal: Adopt the structures in Figure 1 and Figure 2 for the PBCH repetitions in FDD and TDD, respectively. 
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