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1. Introduction
In the last RAN1#72 meeting, the following observations about PBCH coverage improvement were agreed:

· Further analysis/evaluation is needed until the next meeting for PBCH by focusing on

· Repetition/Low rate coding/Spreading

· Note that repetition only can happen during 40 msec period assuming existing MIB

· Design new PBCH and/or new contents for some or all system information

· PSD boosting

In this contribution, we analyze the techniques for PBCH coverage improvement taking the UE cost into account and give our observations and proposals.
2. Discussion

The techniques for PBCH coverage improvement can be divided into the following categories:
a. Increasing the physical resources for PBCH transmission

b. Reducing BCH transport block size
c. Increasing the PSD

The coverage improvement gap for PBCH is 11.7dB for FDD and 17.7dB for TDD. Although the MIB information for low-cost MTC UEs can be simplified, the gain is limited, e.g. even if the BCH transport block size is reduced from 24 bits to 4 bits, only maximum 3dB gain can be achieved. PSD boosting is limited to the RE power dynamic range defined in RAN4 [1]. The power of an RE shall not be 4dB higher than the average RE power for a BS at maximum output power according to the current specification. Hence, we propose to increase the physical resources for PBCH transmission to meet the coverage improvement target. Denote by M-PBCH the physical broadcast channel for low-cost MTC UEs requiring 20dB coverage improvement.
Proposal 1: Increasing the physical resources for M-PBCH transmission.
The physical resources for legacy PBCH transmission are the center 6 PRBs of 16 symbols every 40ms. For FDD, the coverage improvement gap translates into at least 15 times physical resources compared to legacy PBCH, i.e. centre 6 PRBs of 240 symbols every 40ms. A lot of resources in the centre 6 PRBs will be occupied resulting in limited resources for data transmission especially for small system bandwidth. In order to minimize the physical resource consumption for M-PBCH transmission, intermittent periods of intense repetition proposed in [2] can be considered. 
For TDD, the legacy PSS, SSS and PBCH locations are shown in Figure 1. In order to accommodate all the TDD UL-DL configurations, M-PBCH can only be transmitted in subframe #0, subframe #5 and the first three symbols in subframe #1 and subframe #6 which are always downlink. There are about 20 spare symbols within a radio frame. However, the coverage improvement gap for TDD is 17.7dB which translates into at least 58 times additional physical resources. It is obvious that the physical resources in 40ms are not sufficient for M-PBCH transmission. 
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Figure 1: PSS, SSS and PBCH locations for TDD
A straightforward approach is to extend the BCH TTI to enable more physical resources for M-PBCH transmission. Furthermore, the BCH TTI can be extended to a long period to alleviate the physical resources consumption for M-PBCH as illustrated in Figure 2. 
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Figure 2: M-PBCH transmission
Therefore, we have the following proposal.
Proposal 2: M-PBCH is transmitted in a short period within a long period.
Following we discuss how to code and map the BCH transport block to the increased physical resources for M-PBCH transmission. 
The legacy BCH/PBCH processing flow is depicted in Figure 3. The transport block after convolutional coding is rate matched to match the number of bits transmitted on PBCH, i.e. 1920 for normal CP and 1728 for extended CP. The output bit sequence is then scrambled with a scrambling sequence which distinguish the 4 radio frames within one TTI. Finally the complex-valued symbols are mapped to the REs in 4 consecutive radio frames for PBCH transmission.
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Figure 3: Legacy BCH/PBCH processing flow
The rate matched bits are scrambled with a scrambling sequence which implicitly indicate the lower bits of SFN. Since the UE does not know the SFN information before successfully decoding PBCH, the UE has to reserve a buffer whose size is equal to or larger than the number of output bits from rate matching for BCH. In order to accommodate both normal CP and extended CP, the minimal buffer size for legacy PBCH decoding is 1920 soft bits. The HARQ buffer size of legacy category 1 UE is 250368 soft bits. Peak rate reduction with TBS restricted to 1000 bits is recommended as one of cost reduction techniques for low-cost MTC UE. With this technique, the HARQ buffer size is reduced to 10% compared to legacy category 1 UE, i.e. ~25036 soft bits. Obviously, legacy UE and low-cost MTC UE with peak rate reduction can reuse HARQ buffer for legacy PBCH decoding.
Observation 1: Legacy UE and low-cost MTC UE with peak rate reduction can reuse HARQ buffer for legacy PBCH decoding.
With the increasing of physical resources for M-PBCH transmission, a straightforward approach is to rate match the coded block to the number of bits transmitted on M-PBCH. Denoting by N the number of bits transmitted on M-PBCH, N shall be at least 15x1920 for FDD and 59x1920 for TDD for normal CP. The required buffer size for M-PBCH is also N soft bits, i.e. 28800 for FDD and 113280 for TDD, which is 15% and 352% larger than the HARQ buffer size. HARQ buffer cannot satisfy the requirement for M-PBCH decoding results in additional buffer requirement which obviously goes against the low-cost goal. Note that the practical buffer size required will be larger due to more repetition times in low SNR region.
Observation 2: If the coded block is rate matched to the number of bits transmitted on M-PBCH, additional buffer besides HARQ buffer will be needed for M-PBCH decoding for low-cost MTC UEs.
In order to minimize the required buffer for M-PBCH decoding, the coded block can be rate matched to N/L bits and the complex-valued symbols are further repeated L times within a radio frame. The required buffer size for M-PBCH is N/L soft bits since the repetition of symbols within a radio frame is known by UE and the UE can combine the symbols.

Observation 3: If the coded block can be rate matched to N/L bits and the complex-valued symbols are further repeated L times within a radio frame, the required buffer size for M-PBCH decoding can be reduced to 1/L compared with the case when the coded block is rate matched to the number of bits transmitted on M-PBCH.
Since the coverage shall be improved with minimum impact on UE cost ,we have the following proposal:
Proposal 3: Repeat M-PBCH symbols in a radio frame to minimize the UE cost.
There were proposals to merge SIB to MIB and convey the merged information on M-PBCH. Although MIB and SIB can be simplified for low-cost MTC UEs, it is still not feasible to merge all the SIBs to MIB. Given that all the necessary information for SIB reception is in MIB and SIB cannot be eliminated, we fail to see the motivation to merge SIB to MIB. In addition, if SIB is merged to MIB, the transport block size of BCH will be increased leading to larger UE buffer size and more physical resource consumption to achieve the same link level performance. Thus we propose:
Proposal 4: Do not merge SIB to MIB.

3. Conclusion

In this contribution, we discuss the PBCH coverage improvement for low-cost MTC UEs taking the UE cost into account. We have the following observations and proposals:
Observation 1: Legacy UE and low-cost MTC UE with peak rate reduction can reuse HARQ buffer for legacy PBCH decoding.

Observation 2: If the coded block is rate matched to the number of bits transmitted on M-PBCH, additional buffer besides HARQ buffer will be needed for M-PBCH decoding for low-cost MTC UEs.
Observation 3: If the coded block can be rate matched to N/L bits and the complex-valued symbols are further repeated L times within a radio frame, the required buffer size for M-PBCH decoding can be reduced to 1/L compared with the case when the coded block is rate matched to the number of bits transmitted on M-PBCH.
Proposal 1: Increasing the physical resources for M-PBCH transmission.

Proposal 2: M-PBCH is transmitted in a short period within a long period.
Proposal 3: Repeat M-PBCH symbols in a radio frame to minimize the UE cost.

Proposal 4: Do not merge SIB to MIB.
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