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1 Introduction

At the RAN1 #82 meeting, the following details on the scheduling and transmission of paging were agreed [1]:

· 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

In this contribution, we share our views on the remaining details of support of PBCH repetitions for low complexity (LC) MTC devices with reduced bandwidth and in enhanced coverage (EC) in LTE systems.
2 Mapping of PBCH repetition symbols for improving FTL
As mentioned in Section 1, RAN1 made a working assumption to consider mapping of PBCH repetition symbols so as to facilitate improved frequency tracking loop (FTL) operation. Specifically, the motivation is to define a symbol mapping that allows the UE to use the repeated PBCH symbols for estimation of frequency offsets via estimation of the phase difference between two identical symbols. 

In [2], a mapping design for PBCH repetition symbol was proposed where the principle used is to map the repetition symbols of the legacy PBCH to match the legacy OFDM symbols with and without CRS REs respectively. However, as a consequence, the rate matching operation for the PBCH repetitions within a subframe, except for the legacy PBCH location of symbols #7 through #10, would need to be done over symbols that are non-contiguous in time and with a discontinuous (in time) ordering of the PBCH symbols that are different compared to legacy PBCH mapping. This can increase UE complexity especially considering the frequency-first mapping of PBCH symbols to physical resources.
Towards this, in this section, we present a mapping for PBCH repetition symbols within a PBCH repetition subframe that is simple and aims to replicate the legacy PBCH mapping while at the same time enabling improved FTL and channel estimation. In Figures 1 and 2 we present the mappings for PBCH repetition symbols such that the PBCH repetition symbols are mapped using the same relative symbol location as for the four legacy PBCH symbols (i.e., symbols #7 through #10). 
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Figure 1. Proposed PBCH repetition symbol mapping for FDD (SF #0)
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Figure 2. Proposed PBCH repetition symbol mapping for TDD (SF #0)
To handle the potential mismatch in the OFDM symbols with and without CRS REs between the symbols for legacy PBCH and the repeated PBCH, for symbols originally without CRS REs, “virtual CRS” REs are introduced at the same positions as in the corresponding legacy PBCH symbols. The virtual CRS REs carry CRS symbols that are exact replicas of those corresponding to the original PBCH symbol. Alternatively, the CRS sequence for the virtual CRS could use the CRS sequence that is defined as a function of the new symbol location.
Further, to handle the case wherein a repeated PBCH symbol corresponds to the PSS/SSS or OFDM symbols that originally carry CRS REs, the corresponding PBCH transmission on the affected REs or OFDM symbols (the latter for the case of PSS/SSS) are assumed to be punctured by the legacy CRS or legacy PSS/SSS transmissions.
Thus, for this mapping scheme, the channel estimation performance for PBCH decoding can be improved as the UE can use the virtual CRS in addition to the legacy CRS REs. This can provide significant benefits in improving the channel estimation in case of operation in low SNR regime, especially for UEs requiring large enhanced coverage.

Note that for the FDD case, 4th symbol of legacy PBCH (i.e., OFDM symbol #10) is not repeated in the subframe. However, for FDD case, the PBCH is repeated in SFs #9 and #0. Hence, in terms of the symbols carrying the corresponding bits in 4th symbol of legacy PBCH are still repeated in SF #9. This is shown in Figure 3 below.
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Figure 3. PBCH repetition symbol mapping option for FDD (SFs #9 and SF#0)

Proposal 1:

· Adopt the PBCH repetition symbol mapping shown in Figures 2 and 3 for TDD and FDD systems respectively where the relative mapping of the legacy PBCH is maintained with introduction of “virtual” CRS REs that are copies of their counterparts in the legacy PBCH symbols.
3 On the need to signal if PBCH repetitions are being transmitted
It was agreed for further study the need to signal if PBCH repetitions are being transmitted by the eNodeB for Rel-13 and beyond non-MTC UEs to rate match around the PBCH repetitions for PDSCH transmitted over PRBs that may overlap with any of the central 6 PRBs on SFs #0 and #9 in FDD (e.g., RBG based scheduling). Since the rate-matching is expected to be performed for receiving PDSCH transmissions and the PBCH is repeated to occupy the entire PRBs, the eNodeB can simply schedule PDSCH avoiding the subframes on the central 6 PRBs without incurring a significant overall impact to non-MTC UEs. Thus, the motivation to support separate indication of usage of PBCH repetitions is not significant.  
Proposal 2:
· No need to support additional signaling of use of PBCH repetitions for regular (non-MTC) UEs to rate-match around – the impact can be minimized via eNodeB scheduling.
4 Conclusions

In this contribution, we share our views on the remaining details of support of PBCH repetitions for low complexity (LC) MTC devices with reduced bandwidth and in enhanced coverage (EC) in LTE systems. Based on the discussion presented, we summarize our views through the following proposals:
Proposal 1:

· Adopt the PBCH repetition symbol mapping shown in Figures 2 and 3 for TDD and FDD systems respectively where the relative mapping of the legacy PBCH is maintained with introduction of “virtual” CRS REs that are copies of their counterparts in the legacy PBCH symbols.

Proposal 2:
· No need to support additional signaling of use of PBCH repetitions for regular (non-MTC) UEs to rate-match around – the impact can be minimized via eNodeB scheduling.
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