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1 Introduction
RAN1#74bis meeting discussed 3 alternative solutions for the provision of coverage enhancement to system information [1], as follow:
· Alt1: Re-use legacy SIBs at least for SIB1/2/14

· Alt 1a: Aggregation within SIB modification period w/o additional repetition

· Scheduling flexibility of legacy SIBs transmission would be restricted, e.g., keep the same frequency allocation/MCS/ for each SIBs transmission.
· Alt 1b: Aggregation with additional SIB repetition(s) 
· Scheduling flexibility of legacy SIBs transmission would be restricted, e.g., keep the same frequency allocation/MCS/ for each SIBs transmission.

· Additional resources are used to enhance legacy SIBs transmission with repetition of SIBs. 
· Alt 2: New SIB for MTC coverage improvement

· All necessary system information for initial access of MTC UEs (e.g., necessary contents carried in SIB1/2/14) may be merged into the new SIB.

· The new SIB may be indicated by corresponding PDCCH or transmitted on predefined resources without any PDCCH indication.

The alternative solutions were further discussed by email after the RAN1#74bis meeting, and it was clarified that they are not exhaustive. No further discussion on this topic happened at the RAN1#75 meeting. As a starting point, it is also beneficial to analyze the above alternatives in RAN2.
2 Discussion
2.1 Alt 1 vs. Alt 2 (whether to define a new SIB)
With Alt 2, a new SIB will be defined to accommodate all the necessary system information for the initial access of Enhanced Coverage Mode UEs, e.g., necessary contents carried in SIB1, SIB2 and SIB14. UEs in Enhanced Coverage Mode will read the new SIB rather than a list of existing SIBs. The new SIB will be transmitted in predefined resources following a predefined pattern, like SIB1.
The benefits of Alt 2 largely depend on how many bits could be saved with the new SIB. So far, it is not clear whether UEs in Enhanced Coverage Mode should support cell reselection or not, hence here cell reselection relevant SIBs (i.e. SIB3, SIB4 and SIB5) are not considered and our analysis will focus on SIB1, SIB2 and SIB14.

Table 1 lists the main content of SIB1, SIB2 and SIB14. With Alt 2, for SIB1, the IE “schedulingInfoList” is not needed any more given that there is only one new SIB, and as a result about 100bits are saved at the most. For SIB2, it seems that all IEs are also required by UEs in Enhanced Coverage Mode and no saving could be made. Some saving might be made for IE “radioResourceConfigCommon”, e.g. uplink power control configuration might not be needed anymore if UEs in Enhanced Coverage Mode always transmit with the maximum power. However, this is still subject to RAN1 discussion, and even if it is agreed by RAN1 only about 30bits could be saved. For SIB14, all IEs are also necessary for UEs in Enhanced Coverage Mode for the purpose of access control and no saving could be made. All in all, about 10% (assuming the maximum size of SIB1, SIB2 and SIB14 is 400bits, 500bits and 100bits respectively) could be saved with the new SIB. This is not considering any further IEs that might be introduced for the low cost and coverage enhancement operation, in which case the bits saving gain will be even smaller. It could be further noticed that the new SIB might exceed 1000bits eventually, in which case it still needs to be divided into several individual SIBs to ensure it could be successfully decoded by low cost MTC UEs.
Table 1: Content of SIB1, SIB2 and SIB14
	SIB
	Content

	SIB1
	“cellAccessRelatedInfo”, “cellSelectionInfo”, “freqBandIndicator”, “schedulingInfoList”, “tdd-Config”, “systemInfoValueTag”

	SIB2
	“ac-BarringInfo”, “radioResourceConfigCommon” (including the configuration for RACH, PCCH, BCCH, PDSCH, PUSCH, PUCCH, etc), “freqInfo”, “ue-TimersAndConstants”, “mbsfn-SubframeConfigList”

	SIB14
	“eab-Param”


Observation 1: Only <10% bits could be saved by defining a new SIB to accommodate all the necessary system information for the initial access.
Comparing to Alt 1, Alt 2 might bring several issues which should be carefully evaluated before the final decide is made, for example:
1) Defining a new SIB will cause considerable standardization effort;
2) In order to decide which IE is required for UEs in Enhanced Coverage Mode, companies have to analyze all the IEs one by one, which is a time consuming work;
3) Legacy SIBs and the new SIB will contain the same content. The transmission of redundant contents will result in low radio efficiency;
4) Design a new mechanism for the new SIB transmission (i.e. SIB1-style) will cause considerable standardization effort;

5) SIB1-style transmission will impose a limitation on the future expansibility of the new SIB. It is beneficial to keep the door open to allow the network to configure UEs in Enhanced Coverage Mode with IEs that are currently provided by other SIBs, e.g. SIB9 and SIB16.
Therefore, we propose:
Proposal 1: It is not necessary to define a new SIB to accommodate all the necessary system information for the initial access of Enhanced Coverage Mode UEs.
2.2 Alt 1a vs. Alt 1b (SIB transmission)
Currently, SIB1 uses a fixed schedule with a periodicity of 80 ms and repetitions made within 80ms. SIB2 and upwards are transmitted within periodically occurring time domain windows (SI-windows) using dynamic scheduling. Within the SI-window, the corresponding SI message can be transmitted a number of times. 
In the current RRC specification, the maximum configurable value of BCCH modification period is 40.96s. However, considering that the SFN space is 10.24s, the actual largest BCCH modification period is 10.24s. Within the BCCH modification period of 10.24s, the repetition number of SIB1 transmission could be up to 512. For SIB2 and upwards, assuming the scheduling periodicity is 80ms (the minimum configurable value) and the corresponding SI-window length is 40ms (the maximum configurable value), then the repetition number could be up to 1792 (7 subframes per 20ms could be used for SIB2 transmission, because subframe #5 in even frames is used for SIB1 transmission and in addition 6 subframes per frame might be configured as MBSFN subframes) within the BCCH modification period of 10.24s.
As per TR 36.888, for PDSCH, the average repetition number to achieve the coverage improvement target of 20dB is 100~200 for FDD. For the 15dB target, we can scale the repetition number accordingly, which is about 31~63 for FDD. However, evaluation in TR 36.888 is based on the assumption that the TBS is 152bit. The repetition time will increase with a larger TBS. In our study, assuming TBS=936bits, number of PRB = 6 and modulation scheme = QPSK, the simulation result shows that the repetition number is about 140 in order to compensate the 15dB coverage loss for single RX antenna UEs. 
It could be found that if we use 10.24s BCCH modification period, the maximum number of repetitions for SIB1 and SIB2 and upwards provided by the system is far larger than the required number of repetitions to compensate the 15dB coverage loss. Even with a smaller BCCH modification period, i.e. 2.56s, sufficient repetition opportunities for SIB transmission could be provided by the system. This means, Alt 1a is sufficient and no additional repetitions dedicated for UEs in Enhanced Coverage Mode is needed.
With Alt 1a, eNB should keep the same frequency allocation and MCS for different repetitions within the BCCH modification period, to ensure UEs in Enhanced Coverage Mode could correctly combine and decode the SIB. Correspondingly, for SIB1, UEs in Enhanced Coverage Mode need to combine the SIB1 transmissions in different 80ms periodicities until SIB1 is successfully decoded. Similarly, for SIB2 and upwards, UEs in Enhanced Coverage Mode need to combine the SI message located in different SI windows until the SI message is successfully decoded, as shown in Figure 1.
There might be concerns on the scheduling flexibility of Alt 1a, i.e. eNB should keep the same frequency allocation and MCS for different repetitions within the BCCH modification period, where SIB reception by normal UEs might be impacted. This may not be an issue since SIB is a broadcasting message. In addition, normal UEs could also combine the repetitions within a periodicity to ensure that SIB could be received. If there are real concerns, further enhancements on top of Alt 1a could be considered.
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Figure 1: Combine the SIB transmissions in different periodicities
Observation 2: Alt 1a is sufficient and no additional SIB repetitions dedicated for UEs in Enhanced Coverage Mode are needed.

The configuration about the length of BCCH modification period is in SIB2, this means before receiving SIB2, UE can’t know the length as well as the boundary of the BCCH modification period, hence can’t know when SIB1 and SIB2 might be updated hence can’t perform the combination of SIB1 and SIB2. This is a “chicken and egg” issue. Considering that currently the minimum configurable value of BCCH modification period is 640ms, UEs in Enhanced Coverage Mode could assume that SIB1 and SIB2 will keep unchanged during 640ms and perform the combination and decoding within every 640ms, if the decoding is failed then try a larger BCCH modification period until SIB1 and SIB2 are successfully decoded.
Proposal 2: Adopt Alt 1a, where no additional SIB repetitions dedicated for UEs in Enhanced Coverage Mode are needed. eNB keeps the same frequency allocation and MCS for different repetitions within the BCCH modification period, correspondingly UEs in Enhanced Coverage Mode combine the SIB repetitions in different periodicities until the SIB is successfully decoded.
3 Conclusion

In this contribution, we discussed how to provide coverage enhancement to system information. 
We first analyzed the necessity to define a new SIB to accommodate all the necessary system information for the initial access of Enhanced Coverage Mode UEs and compared Alt 1 with Alt 2, and we had the following observation:

Observation 1: Only <10% bits could be saved by defining a new SIB to accommodate all the necessary system information for the initial access.
We proposed:
Proposal 1: It is not necessary to define a new SIB to accommodate all the necessary system information for the initial access of Enhanced Coverage Mode UEs.
We then analyzed the SIB transmission scheme and compared Alt 1a with Alt 1b, and we had the following observation:
Observation 2: Alt 1a is sufficient and no additional SIB repetitions dedicated for UEs in Enhanced Coverage Mode are needed.

We proposed:

Proposal 2: Adopt Alt 1a, where no additional SIB repetitions dedicated for UEs in Enhanced Coverage Mode are needed. eNB keeps the same frequency allocation and MCS for different repetitions within the BCCH modification period, correspondingly UEs in Enhanced Coverage Mode combine the SIB repetitions in different periodicities until the SIB is successfully decoded.
RAN2 is respectfully asked to discuss and agree on the above proposals.
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