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1 Introduction

Details on PBCH repetition mapping was discussed at the last meeting and the following agreements were achieved:

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

PBCH signal used for frequency tracking to improve the coherent channel averaging performance was promoted and can be taken into account when designing the repetition mapping. RAN1#81 agreed that subframes 0 and 5 are used in TDD and subframes 0 and 9 are used in FDD for the PBCH repetitions [1]. This contribution discusses the details on the mapping in FDD and TDD systems considering the cases of normal and extended CP. In addition, whether or how to signal if the eNB is using PBCH repetition is also analyzed in this contribution. 
2 PBCH repetition mapping

Using PBCH signal for assisting frequency tracking asks for the pattern being based on the repetition of PBCH symbols with CRS in available symbols with CRS and PBCH symbols without CRS in available symbols without CRS. However, such a way of mapping may make non-integer repetition in a subframe as in Fig. 1. PBCH repetition mapping in subframe #0 for FDD normal CP there is one repetition in addition to the legacy PBCH and one leftover symbol without CRS. There are two repetitions and 3 leftover symbols without CRS in subframe #9 in Fig. 1. How to map the PBCH symbols onto the leftover 4 symbols without CRS is a question. One example proposed in the last meeting for PBCH repetition mapping is illustrated in Fig. 4 in Appendix, which however only considered using a single subframe per radio frame for PBCH repetition mapping in FDD and TDD normal CP cases. 
However, besides improving the performance of channel estimation, it is also important to make as many integer repetitions as possible to improve the PBCH decoding performance. Therefore, considering there are two subframes used for PBCH repetition per agreements, it is preferable to make a complete PBCH repetition on the leftover 4 symbols without CRS across two subframes as in Fig. 2 rather than repeating the PBCH symbol(s) without CRS twice for four times.
It was also raised that using PBCH signal for frequency tracking is simpler from eNB complexity point of view, as rate matching, SFBC or scrambling is only done once for legacy PBCH that is just re-mapped onto other symbols following the rule of PBCH symbols with CRS mapped to available symbols with CRS and PBCH symbols without CRS mapped to available symbols without CRS. Hence, in order to make a complete PBCH repetition on the leftover 4 symbols without CRS and following the spirit of simpler implementation, two PBCH symbols with CRS will be mapped to symbols without CRS and some REs will be blank. 
Based on the above considerations, examples for PBCH repetition mapping for other cases are illustrated in Fig. 3 to Fig. 6 (see Appendix for Figs. 4-6). The symbols in the same color are the same PBCH symbol.  
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Fig. 1: One example of PBCH repetitions mapping with leftover symbols for FDD normal CP
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Fig. 2: PBCH repetition mapping in subframes #0 and #9 for FDD normal CP
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Fig. 3: PBCH repetition mapping in subframes #0 and #5 for TDD normal CP 
Note that the above-mentioned mapping rule will result in resources which could be used for repetition being left unused because of the blank REs. The waste is worst for the extended CP cases (3.8% for normal CP, 10% for extended CP; A/B, A is amount of blank REs, B is amount of all available REs that can be taken by legacy PBCH and PBCH repetitions). 
Alternatively, it was proposed in [3] to rate match PBCH repetitions on all the available resources across two subframes within a radio frame to make as many repetitions as possible. The PBCH repetition in each subframe is non-integer and the mapping in the second subframe is continuing from the last subframe, so there is no resource waste. In addition, considering that UEs would blindly decode the PBCH repetition bursts by sliding the reception window according to the radio frame boundary, it is beneficial to keep the RE mapping of the PBCH repetitions per radio frame the same. 
Proposal 1: If PBCH used for frequency tracking is more of a concern over 10% resource wastes, the working assumption can be confirmed and the PBCH repetition mapping can refer to Fig. 2 & Fig. 3 for normal CP and Fig. 5 & Fig. 6 for extended CP. 
Proposal 2: Keep the PBCH repetitions mapping the same across radio frames.

3 PBCH repetition indication 

RAN1#80bis agreed that it is up to network whether to configure PBCH repetitions in a cell or not. It seems eNB implementation, but it would be beneficial to indicate whether PBCH is configuring PBCH repetition or not. From one side, a Rel-13 UE which decodes the legacy PBCH correctly for initial access and knows PBCH repetition is in use can, in later MIB decoding cycles, decode the PBCH repetitions to rapidly obtain MIB. From the other side, if eNB schedules resources including part or all of the center 6 PRBs of the subframes for PBCH repetition, UEs need to know whether PBCH repetition is on/off for performing rate matching of PDSCH. The indication can be in MIB or SIB. If it is in SIB, the transmission of SIB is not mapped to the resources where the PBCH repetition might be. 
Proposal 3: Indication of whether the PBCH repetition is on/off is included in MIB/SIB.

4 Conclusions

The details of PBCH repetition mapping taking in account that it might be used for frequency tracking are analyzed as well as the illustrated mapping in FDD and TDD systems for both normal and extended CP cases. In addition, it was seen beneficial to indicate whether the PBCH repetition is on/off by analysis. Overall, it derives the following proposals:
Proposal 1: If PBCH used for frequency tracking is more of a concern over 10% resource wastes, the working assumption can be confirmed and the PBCH repetition mapping can refer to Fig. 2 & Fig. 3 for normal CP and Fig. 5 & Fig. 6 for extended CP.
Proposal 2: Keep the PBCH repetitions mapping the same across radio frames.

Proposal 3: Indication of whether the PBCH repetition is on/off is included in MIB/SIB.
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Appendix
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Fig. 4: PBCH repetition mapping in subframe for FDD and TDD normal CP given in [2]
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Fig. 5: PBCH repetition mapping in subframes #0 and #9 for FDD extended CP
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Fig. 6: PBCH repetition mapping in subframes #0 and #5 for TDD extended CP
