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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 6.7 dB for the new low-complexity UE type and 10.7 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).
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 prior to attempting random access or prior to receiving paging. 
2 Discussion

2.1 Repetition/boosting of current PBCH, SIB 1 and SIB 2
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 9.2.5.1-1 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. Furthermore, the SIBs also need to be repeated and they may contain even more information elements that are not necessarily needed by the MTC UEs. Repeating the existing PBCH within 40 ms and repeating other SIBs separately might not be feasible in a system with bandwidth of 1.4 MHz. 

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. It may also reduce system flexibility since MIB cannot be updated during this period.
Another option is to define these 40-ms time windows on an event-triggered basis, e.g. in case some system information is updated and the network has to inform UEs about this SI change.
Even with this proposal though, there is still the need for MTC UEs to acquire at least SIB 1 and SIB 2 and possibly SIB 14 in order to issue random access requests to the network. There are timing limitations for the transmission of SIB 1 as well; SIB 1 is always transmitted within subframe 5. According to TS 36.331, the number of bits in the mandatory SIB 1 IEs exceeds 100 bits by far. Transmission of these bits over PDSCH to the UEs with the worst coverage can take a significant amount of time, perhaps in the order of 1 second just to obtain SIB 1.

In addition, by looking the IEs contained within SIB 1, it can be deduced that there are certain IEs, such as scheduling information for other SIBs, which might not be necessary for all MTC UEs, or at least not at the phase of SI acquisition. Hence, there is the additional drawback that resources are reserved for the repetition of SIB 1 whose contents not all might be read or needed by MTC UEs.
SIB 2 can be transmitted within any PDSCH resource. The same argumentation as for MIB and SIB 1 can be used, with the difference that the number of bits of the mandatory SIB 2 IEs is in the order of 200 bits. 
Repetition of existing MIB, SIB 1 and SIB 2 by adding more transmission occurrences has the benefit of not requiring considerable standard modifications but it comes at the cost of high overhead, probably longer SI acquisition time and consequently higher UE energy consumption. Especially for narrow system bandwidths the overhead might be prohibitively high. RAN1 needs to consider whether this high overhead and potentially relatively long acquisition time that this solution entails are acceptable.
Another option would be to combine these frequent MIB repetitions within 40 ms but rely on SIB 1 and SIB 2 repetitions occurring on the current timings without adding transmission occasions. This solution has the benefit of not increasing overhead for SIB 1 and SIB 2, but the SI acquisition time increases significantly. In addition, the system flexibility is reduced, since SIB 1 and SIB 2 cannot be updated during the time which is required for MTC UEs to decode them. Moreover, RAN1 needs to consider whether this solution is feasible since e.g. SIB 1 is transmitted typically every 20 ms and the channel estimation quality might not be acceptable. 
Proposal:

· Consider whether the prolonged acquisition time and overhead (in case additional SI transmissions are introduced) and reduced flexibility resulting from time repetition of the current PBCH, SIB 1 and SIB 2 combined with PBCH PSD boosting are acceptable.
2.2 Repetition/boosting of PBCH, SIB 1 and SIB 2 containing only MTC-essential information 
As a first variant of the second solution described in the introduction of this contribution, part of the required (~10.7 dB) link budget improvement for PBCH could be reached by reducing the content of MIB by eliminating information fields which are not expected to be needed by MTC UEs operating in enhanced coverage mode, or which are not necessary to these UEs at an early stage of SI acquisition. Such elimination of certain IEs from MIB has been discussed in [4], [5] and [8].
Similarly, the contents of SIB 1 and SIB 2 may be reduced for MTC UEs operating in enhanced coverage mode and some indications were given in [4] and [5]. As an example, SIB 2 contains IEs defining the configurations used for all physical common channels in the cell, such as PRACH, PCCH, BCCH, etc. As this work item evolves, it might be concluded that some physical channels need to change format and possible configurations, e.g. PRACH resources might have different structure so as to meet the link budget requirement. Consequently, some of the existing physical channel configurations and their respective IEs might become irrelevant for MTC and could then be removed or replaced with new IEs.
This solution should only require reasonable standardization efforts, since the work involved lies in removing IEs not needed by the MTC UEs during SI acquisition. Once the sizes of the modified MIB, SIB 1 and SIB 2 are decided, the transmission structure in terms of REs and subframes can be decided. This can be defined by considering the trade-off between SI overhead and paging flexibility, SI acquisition time and energy consumption. 
As an example, consider that the size of MIB is reduced from 24 bits to either 16 or 8 bits. Some indications of which MIB IEs that could potentially be removed can be found in [4], [5], and [6]; e.g. the IE PHICH configuration can be removed, and probably the IE SFN can be reduced to less than 8 bits if longer MIB update periods than 40 ms are considered, e.g. 80 or 160 ms [5]. In case MIB is reduced to either 16 or 8 bits, then the proportional gain is in the order of 1.8 dB and 4.8 dB, respectively. Hence, the target of 10.7 dB can be achieved by repeating the modified MIB 25 or 13 times instead of 40 times within 40 ms and by PBCH PSD boosting of 4 dB. In case of a modified MIB of 8 bits, the target of 10.7 dB improvement can be achieved within 40 ms by repeating the reduced MIB content 40 times without power boosting. The MIB acquisition time thus can be around 40 ms as for Rel-11 UEs. 

With similar reasoning, the size of the SIB contents that is essential for MTC UEs can be estimated for SIB 1 and SIB 2. As can be seen in [11], SIB 1 mandatory IEs account for more than 100 bits. Some IEs, such as the one providing scheduling information for the other SIBs, might not be needed at all. Following the reasoning of [4], the total size of the SIB 1 IEs essential for MTC UEs in enhanced coverage mode corresponds to 24-40 bits.

From the FDD link budget in Table 5.2.1.2-2 in the study item TR [3] we get a reference operating point for PDSCH: a required SINR of -4.0 dB for 20 kbps data rate. The operating point where the desired PDSCH coverage enhancement is obtained is estimated to be 14.3 dB lower [2], i.e. around -18.3 dB SINR. Based on [7], for a SINR equal to -18.3 dB for a single receive antenna UE, the resulting data rate is in the order of 1 kbps, or slightly higher. Then for a payload of 24-40 bits, 24-40 time repetitions are needed. In case this reduced version of SIB 1 is repeated every 20 ms, then the SIB 1 acquisition time is in the order of 480-800 ms.
Following the same reasoning as for SIB 1, the size of the SIB 2 contents that is essential for MTC UEs in enhanced coverage mode could be in the order of 100 bits [4], which would require 100 time repetitions. With a 10-20 ms transmission period for this reduced version of SIB 2, the SIB 2 acquisition time would be in the order of 1-2 seconds. 

This solution does not necessarily involve PBCH PSD boosting.
Proposal:
· Consider specifying reduced versions of MIB, SIB 1 and SIB 2 containing fewer IEs, by eliminating IEs of no need during SI acquisition for MTC UEs operating in enhanced coverage mode.
2.3 Repetition of new SIB(s) containing only MTC-essential information
As a second variant of the second solution described in the introduction of this contribution, new SIB(s) containing the essential information for MTC UEs in need of coverage enhancement could be designed from scratch. Taking into account the targets for SI acquisition time, energy consumption (for SI acquisition) and for SI update flexibility, define a physical channel structure carrying a given number of bits within the time duration imposed by the requirements. All of the necessary system information could be contained within a single message. Such a message would contain some IEs from MIB, SIB 1, SIB 2 and some new IEs. This possibility was analysed in [4].
The involved engineering efforts will be larger for this more optimized format than for the earlier mentioned approaches. The benefits of this proposal compared to the previous one would need to be assessed so as to be able to evaluate if the gains obtained motivate the effort this new SI design involves. It is expected though that such solution would scale easier than the others with variable degrees of coverage enhancement levels.
Proposal:
· Investigate the content options for new SIB(s) containing essential information to MTC UEs in need of coverage enhancement based on MIB, SIB 1, SIB 2 content. Compare the solution with the one of repeating reduced versions of MIB, SIB 1 and SIB 2 in terms of overhead and acquisition time.
2.4 Complementary PBCH decoding techniques
The third solution described in the introduction of this contribution involves the MTC UE storing, combining and attempting to decode by correlating the detected sequence with one among all the candidate PBCH sequences. This method is described in detail in [9]. This technique involves storing significant amount of MIBs over a significant amount of time, attempting constantly to correlate received sequences with all possible ones and estimating correlation output. Performance of this scheme in terms of acquisition time would need to be evaluated. There would be a need to investigate closely the complexity added due to this technique, the energy consumed due to repeated correlation attempts as well as the cost of having the UE store all possible MIB values and correlation results. 
Moreover, there is a need for the MTC UE to be able to read not only MIB but also at least SIB 1 and SIB 2 in order to perform any attempt to connect to the network. Hence, this technique can only be part of the solution.
Proposal:
· Complementary PBCH decoding techniques should only be considered after careful analysis of PBCH acquisition time, UE energy consumption, receiver complexity and UE cost.
3 Summary

Different options for system information are summarized in Table 1.

Table 1: SI coverage enhancement options
	Technique
	Benefits
	Drawback

	Repetition of MIB
Accumulation of existing SIB1 and SIB2 transmissions
	No RAN2 impact
Limited additional overhead, no RAN2 impact
	High overhead/delay
High latency and UE power consumption. 
Solutions for CSS and/or restrictions in scheduling still needed

	Repetition of MIB, SIB1 and SIB2
	Lower latency, no RAN2 impact
	High overhead
Solutions for CSS and/or restrictions in scheduling still needed

	Repetition of reduced MIB
Accumulation of existing SIB1 transmissions
New robust SIBx with enhanced coverage access information
	Lower overhead/latency, only MIB IEs essential to MTC UEs in enhanced coverage mode are repeated
Lower overhead/latency/power consumption
	Slight RAN2 impact, need to define an additional MIB tailored to MTC UEs in enhanced coverage mode
New SIBx (~ reduced SIB2) needs to be defined in RAN2

	Repetition of reduced MIB
New robust access SIB
	Low overhead/latency 
Coverage optimized SIB with only access information
	Slight RAN2 impact, need to define an additional MIB
Higher overhead if SIB1 is not reused

New SIB (~ reduced SIB1 + SIB2) needs to be defined in RAN2

	New access SIB on new PBCH 
	Low overhead, optimized for coverage
	New PBCH needs to be designed in RAN1
New SIB (~ reduced MIB + SIB1 + SIB2) needs to be defined in RAN2
No reuse of existing broadcast information


4 Conclusions

In this contribution we discussed approaches for coverage enhancement of PBCH and SI in general. We have the following proposals:
Proposals:
· Consider whether the prolonged acquisition time and overhead (in case additional SI transmissions are introduced) and reduced flexibility resulting from time repetition of the current PBCH, SIB 1 and SIB 2 combined with PBCH PSD boosting are acceptable.
· Consider specifying reduced versions of MIB, SIB 1 and SIB 2 containing fewer IEs, by eliminating IEs of no need during SI acquisition for MTC UEs operating in enhanced coverage mode.
· Investigate the content options for new SIB(s) containing essential information to MTC UEs in need of coverage enhancement based on MIB, SIB 1, SIB 2 content. Compare the solution with the one of repeating reduced versions of MIB, SIB 1 and SIB 2 in terms of overhead and acquisition time.
· Complementary PBCH decoding techniques should only be considered after careful analysis of PBCH acquisition time, UE energy consumption, receiver complexity and UE cost.
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