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1 Introduction
One of the objectives of the Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify coverage enhancements corresponding to 15 dB for FDD. The coverage enhancements should be applicable for the new low-complexity UE type as well as for other UEs operating delay tolerant MTC applications. The coverage enhancements should also be applicable for both FDD and TDD, although no explicit coverage target is specified for TDD in the WID. The WID suggests repetition, bundling and PSD boosting as possible solution components for the coverage aspect. More detailed analyses on how it can be done for various physical channels can be found in [2], [3], and [4] for PDSCH and PUSCH, for PRACH, and for PBCH, respectively.
This contribution discusses how the system information acquisition and procedures are affected due to the coverage enhancements proposed in RAN1.
For data channels, RAN1 has so far agreed [5] on the following in enhanced coverage mode:

· HARQ is supported in both UL and DL

· Repetition of (E)PDCCH, PDSCH and PUCCH with multiple levels in time domain is supported

· (E)PDCCH is supported to schedule PDSCH

· (E)PDCCH repetitions are transmitted before PDSCH
· Possible starting subframes of (E)PDCCH repetitions are limited

· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and neither configured by upper layers nor indicated by (E)PDCCH

· UEs are not required to decode PCFICH 

For PRACH, RAN1 has agreed on the following in the enhanced coverage mode [5]
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[6]: 

· Existing PRACH formats are used

· Multiple PRACH repetition levels are supported

· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to the network
· Whether the repetition level associated with transmission of Msg2/3/4 can be semi-statically configured, dynamically signalled, or predefined is FFS
Details on how the repetitions in different procedures can be implemented are left for further study.
2 System Information acquisition
In the RRC protocol specification [8] there is no mentioning of an upper limit for SI acquisition time. It is only stated that the UE should try again and use the old system information until it can successfully acquire the new one. Furthermore the time required for the acquisition of system information, although subject to the solution agreed in RAN1 and RAN2, is a RAN4 issue. However, what needs to be considered is, for example, whether the modification period needs to be extended in order for all UEs to have the possibility to update the SI prior to the update.
2.1 MIB acquisition
In [4] it is concluded that a 10.7 dB coverage enhancement for PBCH is required for low-complexity UEs in FDD, thus it is a suitable design target. In order to achieve this, repetitions of the legacy PBCH transmissions will be introduced. RAN1 will agree on one of the following options [5] on the number of repetitions and in what subframes they occur:
· Option 1: Repetition in subframe #0

· Option 2: Repetition in subframe #0 + repetition in subframe #5 in odd frames.

· Option 3: Repetition in subframe #0 + repetition in 1 other sub-frame in all frames

· Option 4: Repetition in subframe #0 + repetition in 3 other sub-frames in all frames

RAN1 will also agree on one of the following options on how to control the repetitions:
· Option A: Always send repetition in every 40ms cycle.

· Option B: Dynamic on/off of repetitions on a per 40x ms cycle basis.

· Option C: Repetition based on pattern(s) across a given number of cycles.

Options A and B would have limited impact in RAN2 whereas with Option C there may be a risk for recurring collisions between PBCH repetitions and paging occasions. Option B would allow the configuration of the MIB acquisition depending on the cell characteristics and hence may be more flexible than Option A. It is up to RAN1 to decide the repetition pattern and control options.
Proposal 1 Use legacy MIB and PBCH formats. The repetition patterns can be agreed in RAN1.  

2.2 SIB1 and SIB2 acquisition

For SIB, there have been three solutions proposed to achieve the required coverage enhancements [7]:

· Alt 1: Re-use legacy SIBs at least for SIB1/2/14
· Alt 1a: Aggregation within SIB modification period without additional repetition
SIB periodicity is increased and UE accumulates over the normal SIB transmissions.
· Alt 1b: Aggregation within SIB modification period with additional repetition(s) 
Additional repetitions within the normal periodicity (80 ms for SIB1)
· Alt 2: new SIB for MTC coverage enhancements
In [4], it is concluded for Alt 1a that SIB1 could be correctly decoded (up to 99%) after 120 repetitions or 2.4 s, and slightly with more repetitions or longer time for SIB2. The acquisition of system information takes longer time using Alt 1a compared to Alt 1b. If DRX is used, power consumption should in practice be very similar for all the alternatives given that a certain number of repetitions, e.g. 120, need to be accumulated. As Alt 1b depends on additional repetitions, there is a system capacity impact due to the resources needed by the additional repetitions. Therefore Alt 1a should be preferential to Alt 1b since it does not require any additional transmissions or resource allocation. A further argument for selecting either Alt 1a or Alt 2 over Alt 1b is the DCI issues mentioned in [9].
Observation 1 Alt 1b would lead to higher resource consumption and has a larger system capacity impact compared to Alt 1a.

Coverage enhanced MTC UEs need most but not all of the information in SIB1 and SIB2 and in addition to that some information in other SIBs such as SIB14 and possibly even SIB3/4/5 (see discussion in [10] and [11]). In addition to that some new fields will most likely be required for coverage enhanced UEs (e.g. channel configuration etc.). 
In Alt 2 an option would be to create a new SIB composed only of information relevant for enhanced coverage capable MTC UEs. For optimal performance, it would be preferable to only transmit the information elements that are relevant to MTC UEs in the enhanced coverage region. If such a new combined SI broadcast leads to overall shorter SI acquisition times for these UEs, it will be beneficial in terms of reduced UE power consumption, i.e., reduced UE on-time for the SI acquisition. Exactly what information elements it should contain is discussed in [14] but this needs further discussion. Some open issues are physical layer aspects and how often it will be transmitted. Alt 2 would have the biggest RAN2 impact of the three listed options. However, it would provide the most flexibility in scheduling the SIBs, and have the least impact on system information scheduling of legacy UEs.
 
Proposal 2 Discuss how to design solution 'new SIB for MTC coverage enhancement broadcast' (Alt 2) and evaluate it with respect to 'SIB aggregation within without additional repetition' (Alt 1a).


3 Conclusion

This contribution discusses how the system information acquisition and procedures are affected due to the coverage enhancements proposed in RAN1. We have the following observation and proposals:
Observation 2 Alt 1b would lead to higher resource consumption and has a larger system capacity impact compared to Alt 1a.

Proposal 3 Use legacy MIB and PBCH formats. The repetition patterns can be agreed in RAN1.  


Proposal 4 Discuss how to design solution 'new SIB for MTC coverage enhancement broadcast' (Alt 2) and evaluate it with respect to 'SIB aggregation within without additional repetition' (Alt 1a).


4 References

[1] RP-130848, “New WI: Low cost & enhanced coverage MTC UE for LTE”

[2] R1-135648, “Data transmission for enhanced coverage MTC UE”, Ericsson.

[3] R1-135645, “Random access for enhanced coverage MTC UE”, Ericsson.

[4] R1-135644, “System Information for enhanced coverage MTC UE”, Ericsson.

[5] “Draft Report of 3GPP TSG RAN WG1 #75 v0.1.0”, 3GPP

[6] “Final Report of 3GPP TSG RAN WG1 #74bis v1.0.0” , 3GPP

[7] R1-134942, “Way Forward on SIB coverage improvement for MTC UEs”, ZTE, Fujitsu, ITRI, LG Electronics
[8] R2-134331, “Enhanced coverage mode impact on system information”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
[9] R2-133829, “Study on Combining Legacy SIBs for MTC Coverage Enhancement”, Sierra Wireless
[10] R2-133981, “Discussions on enhanced coverage for LTE”, Samsung
[11] R2-133920, “SIB in ‘enhanced coverage mode’”, Huawei, HiSilicon

2/4


