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1 Introduction
One of the objectives of the recently started Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify coverage improvements corresponding to 15 dB for FDD. The specified coverage improvement techniques should also be applicable for TDD.

In contribution [2] we discuss the required link budget improvement for each physical signal/channel in FDD. For PBCH, the required improvement is found to be about 10.7 dB for the new low-complexity UE type and 6.7 dB for other LTE UEs. Since PBCH needs to be received by all UE types, a 10.7 dB coverage improvement on PBCH needs to be the design target.

Possible solutions were investigated during the study item phase (where the design target for PBCH was somewhat larger, 11.7 dB) and the outcome was that the coverage target for PBCH may be addressed by [3]:
1) A combination of repetition of the current PBCH in subframe #0 of a radio frame onto every subframe of that radio frame  (i.e., a new PBCH structure) and PSD boosting (e.g., 4 dB) within 40 ms (for FDD systems)

· The repetition alone cannot meet the coverage target for the current PBCH where MIB changes every 40ms due to SFN update (e.g., as many as 36~95 repetitions of the current PBCH in a radio frame are needed).

2) A new PBCH design (for TDD and FDD systems)

· A new design can consider techniques such as: a longer period, reduced legacy MIB content, intermittent transmission. Repetitions and/or PSD boosting may be helpful for new design in order to meet the coverage target.

· Also other system information that is required to be broadcasted to enhanced coverage MTC UEs beside MIB contents can be considered in the new PBCH design.

· Other low rate coding schemes or spreading can be considered for new design.

3) A complementary PBCH decoding technique (e.g., correlation decoder or reduced search space decoder).
An additional decoding technique, supported by RAN1 specifications already today, to just continue attempting to decode PBCH for a longer time, was also proposed at RAN1#74 [7].
Different variants of these approaches are discussed below. The discussion considers the whole procedure for system information acquisition, including MIB and all necessary SIBs for being able to start communicating with the network. In [4], [5] and other contributions it is described that elements from MIB, SIB 1, SIB 2 (and SIB 14 in case the UE is EAB configured) are necessary for a UE to attempt random access or to receiving paging. 
2 Discussion

2.1 PBCH
2.1.1 Repetition/boosting of current PBCH
A number of contributions towards the study item presented results on the potential of PBCH repetition within the time window of 40 ms. Results from 5 sources are summarized in Table 9.5.2.1-1 in [3] and it can be seen that the study item requirement of 11.7 dB increase in coverage for PBCH can be obtained by repeating 40 times the current MIB within 40 ms and by combining these time repetitions with 2-4 dB PBCH PSD boosting.

The requirement for coverage improvement in the work item (10.7 dB) is less than the requirement during the study item (11.7 dB). For 10.7 dB coverage improvement, 40 time repetitions combined with 1-3 dB PBCH power boosting are needed  meaning that all of the subframes within the 6 central PRBs are going to be used for the PBCH transmission.

Assuming the same PBCH structure, i.e. the first 4 symbols (resource elements, REs) of the 2nd slot within a subframe are repeated 40 times, then in a system of 1.4 MHz, the number of REs used for PBCH transmission is 4/14, i.e. 28.6 %. Similarly, in a system of 5, 10 and 20 MHz, the amount of REs used for PBCH transmission is 6.9 %, 3.4 %, 1.7 % respectively. 
Observation:
· PBCH repetition combined with PSD boosting requires 1.7 % to 28.6 % of the system REs for a bandwidth of 20 MHz to 1.4 MHz. 
The MIB on PBCH includes certain bits which are not necessarily needed by the MTC UEs, such as the PHICH configuration [4]. These bits result in considerable overhead when the entire MIB is repeated many times. 
Observation:
· PBCH repetition using current format is not feasible in every 40 ms window.
It was proposed in [5] and [6] that the PBCH repetitions occur only within given time windows of 40 ms and the rest of the time PBCH is transmitted as usually, as it can be seen in Figure 1.
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Figure 1: Periods of intense PBCH repetition.

In this case, there is a need to define when these time windows of PBCH repetitions occur. One option is that these 40-ms windows occur periodically. The period of these occurrences has to be defined by considering the trade-off between PBCH acquisition time and overhead. For example, in case this 40-ms window is repeated once every 400 ms, then, this would imply 10 times lower overhead than what is estimated above, but this will increase the average MIB acquisition time from something less than 40 ms to something between approximately 40 ms and 400 ms. 
Observation:
· For acceptable overhead from PBCH repetition 400ms periodicity or more is needed.
2.1.2 New PBCH design 
It was shown in [3] that a significant number of repetitions of the current format would be needed to achieve the performance target, it is hence not essential to reuse existing signalling in the energy accumulation if a new design is possible with significantly lower number of bits. 

PBCH is used to find timing and configuration to be able to decode common search space with SIB scheduling information. Hence the needed information in MIB is how and where to find the SIBs. Today common search space on PDCCH is used to provide the resource allocation and format of SIB1 in subframe 5 of even frames. It is obvious that existing signalling is not sufficient to provide scheduling and hence new mechanisms are needed such as a new extended common search space [8]. 

The existing PBCH format consists of 40 coded bits indicating system frame number, PHICH configuration, system bandwidth and the number of antenna ports, including a CRC-check and a number of bits reserved for future use. In an extreme case this could be reduced to 7 bits, with 5 bits SFN (assuming this signal is sent with a periodicity of 320 ms) and 2 bits antenna port configuration. This would imply that only approximately 1 quarter of the resources would be required with the same acquisition time. Instead of relying on a CRC on the MIB the CRC check on a new CSS scheduling SIB could be reused. 
Observation:
· Today’s PBCH functionality can be achieved with significantly lower number of bits if combined with a new common search space.
2.1.3 Multiple PBCH decoding 

The scheme with the lowest impact on specifications, overhead and implementation is to do many decoding attempts for the existing format of PBCH, relying on a relatively large CRC making the risk for false detection small. This technique relies on fading and noise realizations being different between different decoding attempts and hence with a small chance of decoding it will eventually succeed. This technique can also easily be combined with other potential enhancements such as repetition and boosting, even if the gains are not additive if the repetition is not done in every frame. 

Simulations have been conducted for PBCH decoding using multiple attempts with one receive antenna using EPA 1 Hz, 100 Hz frequency error and a realistic channel estimation.  
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Figure 2: Number of required PBCH decoding attempts, EPA 1 Hz, 100 Hz frequency error and single receive antenna
The target SNR from the required 15 dB coverage enhancement is -14.2 dB, and it can be seen in Figure 2 that about 80 attempts are needed for a single Rx UE to decode with 99% probability, if we assume 1 dB power boosting. For 1 Rx this would imply an acquisition time of 3.2 s. 

Observation:
· PBCH can be decoded with high probability given sufficient number of attempts.
2.1.4 Observations

It is seen that PBCH decoding using the existing format is possible in a large number of cases, but is associated with long initial acquisition time. Repetition is a possible option, but a substantial amount of repetition is required to reach the target SINR at one decoding instance, and to avoid significant overhead repetition cannot be done frequently. Repetition of a reduced version of the MIB, is a possible way to reduce the overhead and by that the latency, assuming a common search space is used for scheduling of the initial SIB. 
Proposal:
· Additional decoding attempts are used to enhance PBCH coverage.
· Additional optional repetitions may be provided by the network.
· Whether the same format or a new format is used is FFS.
· The UE must blindly detect the presence of additional repetitions.
· The presence of additional repetitions is not used to indicate supported coverage enhancement. 
2.2 SIB
System information contains information required for the UE to be able to access and, in general, operate properly within the network and within a specific cell. The system information includes, among other things, detailed parameters related to random access transmission and uplink power control, downlink and uplink cell bandwidths, uplink/downlink configuration in the case of TDD, etc. This information could be conveyed to the UE either by just accumulating the existing SIB transmissions, by introducing additional repetitions of the existing SIBs or by designing a new SIB for this purpose. 

Repeating existing SIBs introduces significant increase in overhead, if it should provide significant benefits. If repetition should be introduced a new SIB contain only relevant information should be repeated. 

2.2.1 SIB accumulation

SIB1 is always transmitted in subframe 5 of even frames, i.e. with a periodicity of 20 ms using a format and resource allocation indicated on common search space. The content of SIB1 can change over a period of a modification period, down to 640, but SIB1 cannot be modified more often than 31 times over 3 hours. The timing and periodicity of SIB2 is configured in SIB1 but relies on the same modification constraints. 

A way to provide the required coverage of SIBs would be to accumulate over a significantly longer time, with the assumption that the content does not change. The size of SIB1 is dependent on network configuration but is in the order of 152 bits, while SIB2, containing much or the radio configurations, is somewhat larger. In Figure 3 we show residual block error rate after different number of accumulations. 
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Figure 3: PDSCH decoding with multiple repetitions with 20 ms period over 6 PRBs

It can be seen from Figure 3 that about 120 repetitions, i.e. 2.4 s, is needed in order to, with 99% probability, decode SIB1. Somewhat larger time would be needed for SIB2 due to larger size. It should be noted that the size of SIB1 or 2 may increase if new information elements related to e.g. a new PRACH resource configuration for the enhanced coverage mode are introduced. 
The main benefit of relying on accumulation is that no new overhead is introduced. The drawback is that this requires significant decoding time and reduces the possibility to update system information also for legacy users. 
2.2.2 Coverage enhancement access SIB
SIB1 and SIB2 contain the information needed to perform an initial access, but it also contains many information elements not relevant for a UE in need of enhanced coverage mode, such as SIB scheduling for higher SIBs and radio resource control for channels and modes that cannot be used. 

An option would be to create a new SIB contacting only the needed information; initial estimates indicate that 100-200 bits may be required, maybe less [4]. To avoid excessive overhead this SIB could probably not be transmitted using more resources than SIB1 and would hence have a similar acquisition time, but without the need to collect also SIB2. To save UE power the periodicity could be larger than 20 ms, but to achieve time diversity and limit acquisition time for UEs in need of less than 15 dB or with dual receive antennas some time-spreading is recommended. 

The benefit of creating a new SIB is that separation from normal operation is possible. Optimizations of the transmission are also possible for a new SIB, such as a denser reference symbol patterns and MBSFN transmission; further study would be needed to show if this is needed. The down-side is that new overhead is introduced and some additional work in RAN2. 
2.2.3 SIB scheduling
Format and resource allocation of SIBs are indicated on the common search space on PDCCH. To reach coverage enhanced UEs a new improved common search space is needed. To send dynamic scheduling for each subframe a SIB is transmitted over such a new search space would imply significant overhead. 

Observation:
· Dynamic resource allocation for each SIB transmission is not feasible.
We see two alternatives that can be considered for SIB scheduling in enhanced coverage mode: a DCI indicating resource and format is sent on the new extended common search space on predefined time instances valid for multiple transmissions, or a few spare bits in MIB are used to indicate resource allocation and format of SIB1 or a new enhanced coverage mode SIB.
2.2.4 Observations

It is clear that it is possible to rely on existing SIB transmissions to accumulate and decode the required information to access the system. It does however require significant time to accumulate all information and optimizations of transmission formats are difficult due to legacy support. Design of a new SIB containing only essential information for coverage limited UEs is a feasible option to reduce the access time at reasonable overhead. Semi-static resource allocation and format transmitted over a robust channel is required for any SIB a coverage limited UE needs to decode. 
Proposal:
· Ask RAN2 how many bits would be required for a new access SIB contacting only essential information for a coverage limited UE.
· Ask RAN2 the potential range in size RAN1 can assume for designing semi-static scheduling of SIB1 and a new access SIB.
3 Conclusions

In this contribution we discussed approaches for coverage enhancement of PBCH and SI in general. We have the following proposals:
Proposal:
· Additional decoding attempts are used to enhance PBCH coverage.
· Additional optional repetitions may be provided by the network.
· Whether the same format or new format is used is FFS.
· The UE must blindly detect the presence of additional repetitions.
· The presence of additional repetitions is not used to indicate supported coverage enhancement. 
· Ask RAN2 how many bits would be required for a new access SIB contacting only essential information for a coverage limited UE.
· Ask RAN2 the potential range in size RAN1 can assume for designing semi-static scheduling of SIB1 and a new access SIB. 
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