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Discussion and Decision
1
Introduction
A WI on further LTE physical layer enhancements for MTC has been approved in Rel-13 [1]. Key detailed objectives include –

· Specify a new Rel-13 low complexity UE category/type for MTC operation.
· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications.
· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life
In this contribution, we consider the PBCH design to accommodate system deployment for Rel-13 low complexity UE and for coverage enhancement.
2
PBCH Enhancement

MIB
The MIB contains the following information – DL bandwidth (3 bits), PHICH configufation (3 bits), SFN (8 bits), reserved (10 bits), and CRC (16 bits). The number of transmit antennas at the eNB (2 bits) is also conveyed via CRC masking. In Rel-13, only 1.4MHz will be supported for stand-alone LTE-M system. Therefore, there is no need to transmit the DL bandwidth information. Furthermore, it is proposed to not support the PHICH in LTE-M to simplify operation, and therefore the PHICH configuration is also not required [2]. It is possible then to reduce the content of the MIB by at least 6 bits. Note that from RRC PDU ASN.1 definition point of view, the encoded RRC PDU always contains a multiple of 8 bits. Addtional overhead reduction is possible for example by using smaller CRC and also removing or reducing the number of the reserved bits. Thus, a MIB of size 16 or 24 bits is possible. This can improve performance substantially but will not reduce overhead in normal mode unless the PBCH mapping is also changed. Currently, the overhead due to the PBCH is 2.9% for 1.4MHz carrier which is not very high. However, in coverage enhancement mode, the overhead may be substantial. Therefore, overhead reduction for the PBCH should be studied further. 
PBCH Mapping
Figure 1 shows SF#0 for FDD where the PBCH is transmitted. As in the legacy system, due to the PBCH and PSS/SSS, this subframe contains significantly fewer OFDM symbols for control and data. 
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Figure 1. PBCH in LTE-M system (FDD).

It is expected that this would be sufficient to transmit both control and data channels, or at least one of the channels within this subframe.
Coverage Enhancement

Coverage enhancement analysis for the PBCH has been done in [5]. It was noted that the repetition and multiple decoding attempts can be used to meet the required coverage. If SF#0 and SF#5 in odd radio frames are used for repetition, then 2 additional PBCH repetitions can be transmitted per 40ms. This corresponds to 4×4×3 = 48 OFDM symbols within 40ms being used for the PBCH. From [5], the estimated acquisition time is less than 0.8 ms for the 99%-tile using a combination of repetition and multiple decoding attempts.  Therefore, it was proposed that the PBCH is repeated in SF#0 of all radio frames and in SF#5 of odd radio frames.
For PBCH configuration, both intermittent (either dynamic or via pattern) and continuous (always on) repetition have been proposed. Continuous means the PBCH repetition is always on if it is supported by the eNB. However, the UE does not know if eNB supports this feature or not. Dynamic means PBCH repetition can be dynamically configured every 40ms cycle. It is not known at the UE whether repetition is used or not. Pattern means that a pattern can be configured based on a multiple of 40ms cycle. It is also assumed that the UE does not know the pattern and will have to determine this blindly. The key advantage with dynamic or pattern-based configuration is that the amount of PBCH overhead can also be configured by the network.
At the UE, it must make independent decoding decision on the MIB decoding every 40ms (since the MIB across the 40ms boundary cannot be combined). From a performance perspective, continuous transmission naturally has the smallest latency. In term of overhead, the additional overhead for continuous transmission is 8.6% for 1.4MHz carrier. In term of UE’s computation complexity, this depends on the receiver algorithm at the UE side. It is, however, reasonable to assume that the computation is similar for all methods with possibly slightly less UE complexity if continuous transmission is assumed. From the eNB implementation perspective, it is definitely easiest to always have PBCH repetition on. Since the repetition amount was already selected to balance between latency and overhead, continuous repetition is preferred to ensure that the latency requirement can be met.
4
Conclusion
In this contribution, we consider the PBCH design to accommodate system deployment for Rel-13 low complexity UE and for coverage enhancement. 
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