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1. Introduction
In RAN1#82, the following agreements have been made regarding PBCH: 
· For PBCH:

· 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 provide our view on the PBCH repetition for eMTC 

2. Detailed mapping for PBCH repetition

In previous contributions multiple companies showed how bundled channel estimation is needed for PBCH processing in low SNR regime (e.g., averaging the observed channel in CRS over multiple subframes). In order to enable this coherent channel averaging, the frequency error at the UE has to be small, otherwise the channels will be averaged with the wrong phase correction. Also, during initial acquisition the UE cannot use all available CRS tones for frequency tracking due to unknown MBSFN or TDD configuration. Thus, this reduced number of reference signals can increase the convergence time of the frequency tracking loop and, therefore, the overall acquisition time.

At the UE side, frequency error estimation is usually performed by measuring the phase difference in two time instants. For example, the UE can compare the phase difference between the CRS tones in symbols 0 and 7 (after descrambling). It should be noted that, for frequency tracking purposes, we do not need to know the exact transmitted sequence in these two time instants, provided they are the same. 

We propose to perform PBCH repetition in such a way that the PBCH signal can be used for frequency tracking without decoding it. This pattern is based on the repetition of PBCH symbols with CRS in available symbols with CRS, and PBCH symbols without CRS in available symbols without CRS. An example of this mapping is shown in Figure 1, where the PBCH is repeated as follows for FDD:

· PBCH transmitted in symbol 7 is repeated in symbol 4.

· PBCH transmitted in symbol 8 is repeated in symbol 11.

· PBCH transmitted in symbol 10 is repeated in symbol 13

· PBCH transmitted in symbol 9 is repeated in symbols 3,12.

From this structure, the UE can perform frequency tracking estimating the phase difference between symbols with the same color (e.g. symbols 3, 9 and 12 in the FDD case). Also, this mapping is simpler from an eNB complexity point of view, since tasks like rate matching, SFBC or scrambling have to be performed only once.
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Figure 1 Example of PBCH repetition for SF0, FDD (left) and SF0, TDD (right). For FDD, legacy PBCH is transmitted in symbols {7, 8, 9, 10}. We perform repetition mapping symbols with CRS between them.
In Figure 2 we show the estimated frequency error obtained from a single PBCH subframe when using CRS, PBCH and CRS+PBCH. We observe a large gain due to the increased number of reference symbols for FTL from PBCH repetition. For example, for -15dB SNR the standard deviation for CRS frequency error estimation is more than 160Hz, and only around 70Hz with the proposed mapping.
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Figure 2 Standard deviation of frequency error estimation using 1 PBCH subframe. Comparison of CRS with PBCH.
This PBCH repetition can create a pattern of structured interference, since the same waveform is transmitted in the center 6RB at different times. In order to avoid this exact same repetition, a quasi-random phase rotation can be applied to each resource element in which PBCH is repeated. This phase rotation can be undone at the receiver side before decoding or frequency tracking.
Proposal 1: Confirm working assumption: Perform PBCH repetition by mapping symbols with CRS to symbols with CRS, and symbols without CRS to symbols without CRS. This mapping can be exploited to perform initial frequency tracking.

As for the interaction with other channels, PDCCH can use up to the first three frequency symbols, so they should not be used for PBCH repetition. PSS/SSS is present in some of the subframes used for repetition, but this is known beforehand by the UE. The UE does not know the CSI-RS configuration, so rate matching cannot be performed around these symbols, so puncturing is preferred. However, note that PBCH repetition is always performed in paging subframes, so the probability of having CSI-RS configured in these is smaller.

Proposal 2: PBCH repetition uses all the symbols in a subframe except for the ones used by PSS/SSS and potential control region (first 3 symbols). PBCH is mapped to potential CSI-RS symbols, and is up to eNB implementation to perform puncturing in these.

3. Repetition signaling in MIB/SIB1

Even when a UE does not know if repetition is enabled when decoding PBCH, it would be helpful to broadcast whether PBCH repetition is used for different purposes. For example, a UE might be in good coverage conditions at a given time, so it is able to decode PBCH without using the repetitions. If repetitions are enabled, they can be exploited the next time the UE wakes up. Also, this information is useful for rate matching purposes for both eMTC devices and future non-MTC devices, as the eNB could just avoid the PBCH RE by not scheduling UE in the PBCH repetition region, but there might be some inefficiency issues with this.

This PBCH repetition can be signaled in MIB or SIB1. If it is signaled in MIB, then we can exploit that information to decode SIB1 (e.g. rate matching). 

Proposal 3: Signal if the eNB is using PBCH repetition. There are two possible options for this


Option 1: Signal in MIB. FFS if we can derive this information from other bits (e.g. if we signal coverage enhancement in MIB then we are repeating PBCH). All channels rate match around PBCH repetitions.


Option 2: Signal in SIB1. All channels rate match around PBCH, except for SIB1 that is punctured by PBCH.
4. Summary 
In this document, we propose the following for system information (SIB and PBCH):
Proposal 1: 

 Confirm working assumption: Perform PBCH repetition by mapping symbols with CRS to symbols with CRS, and symbols without CRS to symbols without CRS. This mapping can be exploited to perform initial frequency tracking.

Proposal 2: 

PBCH repetition uses all the symbols in a subframe except for the ones used by PSS/SSS and potential control region (first 3 symbols). PBCH is mapped to potential CSI-RS symbols, and is up to eNB implementation to perform puncturing in these.

Proposal 3: 
               Signal if the eNB is using PBCH repetition. There are two possible options for this


Option 1: Signal in MIB. FFS if we can derive this information from other bits (e.g. if we signal coverage enhancement in MIB then we are repeating PBCH). All channels rate match around PBCH repetitions.


Option 2: Signal in SIB1. All channels rate match around PBCH, except for SIB1 that is punctured by PBCH.
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