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1 Introduction
RAN2 discussed the SIB design for Rel-13 low complexity UEs and UEs in enhanced coverage in RAN2#89, and the following agreements were made [1]:
	Agreements
1
RAN2 intends to maintain the flexibility similar to the one offered by the current SIB concept, i.e., the size of the SIBs should not be fixed. It should be possible to configure features in SIB as required by the operator while trading against achievable coverage. 

1a
RAN2 will aim to align the SIB/SI formats and scheduling in accordance with the recommendations received from RAN1. RAN2 will confirm the SIB concept with RAN1

2
RAN2 intends to branch from SIB1, i.e., LC/EC UEs receive a separate occurrence of SIB1 and others (different time/frequency resources). The new SIB1 is common for EC and LC. FFS whether we reuse the existing SIB IEs or introduce one or more SIBs. 

3
In order to efficiently support cell selection and reselection it would be desirable to transmit SIB1 information separately from other SIBs (in particular to low cost UEs in normal coverage). However, it needs to be investigated whether this is feasible in terms of overhead and total acquisition time. 

4
From RAN2 point of view the scheduling information (time, frequency and MCS/TBS) allowing acquiring of “SIB1” for LC/EC UEs could e.g. be in MIB, i.e., dynamic L1 information in PDCCH is not needed. The required granularity for supported transmission formats and whether it is feasible to indicate this in MIB requires further discussion. 

5
From RAN2 point of view the “SIB1” for LC/EC UEs could contain scheduling information (time, frequency and MCS/TBS) allowing acquiring subsequent SIBs without reading PDCCH. 

6
RAN2 confirms that the TB size restriction of 1000 bit for broadcast is acceptable from RAN2 point of view. This is based is on the assumption that the network provides separate SIBs (different time/frequency resources) to LC/EC UEs and legacy UEs. 




In this contribution, we will continue the discussion and propose some detailed designs.
2 Discussion
2.1 General
In the current specification, system information is divided into the MIB and a number of SIBs. Both the MIB and SIB1 use a fixed schedule with a periodicity of 40 and 80 ms respectively while the scheduling of other SIBs is flexible and indicated by SIB1. The current system information mechanism allows a good flexibility and forward compatibility.

In RAN2#89, for the SIB for Rel-13 low complexity MTC, RAN2 agreed to maintain the flexibility similar to the one offered by the current SI concept, and it should be possible to configure features in system information as required by the operators. RAN2 also agreed to design a separate branch of SIBs for Rel-13 low complexity MTC starting from SIB1. 
To minimize the specification and implementation impact, it is beneficial to reuse the current system information mechanism (i.e. the system information scheduling and update procedures) for Rel-13 low complexity MTC, unless significant problems are identified.
Proposal 1: As starting point, reuse the current system information mechanism (i.e. the system information scheduling and update procedures) for Rel-13 low complexity MTC, unless significant problems are identified.
2.2 MTC-SIB1
2.2.1 Content of MTC-SIB1 
In the current specification, SIB1 contains some important information, including information about whether UE is allowed to access a cell (i.e. cell barred info and cell selection info), Tdd-Config information, and the scheduling information of other SIBs. For MTC-SIB1, it seems reasonable to assume that the same content will be included. RAN2 should add new parameters and/or remove some of the existing parameters only if it provides clear benefits to do so.
Proposal 2: As starting point, MTC-SIB1 includes the same parameters as those in the existing SIB1. RAN2 should add new parameters and/or remove some of the existing parameters only if it provides clear benefits to do so.
Note that RAN2#89 already agreed to allow acquiring MTC-SIBs without reading PDCCH. This means, additional scheduling information (i.e. time, frequency and MCS/TBS for the concerned MTC-SIBs) also need to be include in the MTC-SIB1.
2.2.2 Scheduling of MTC-SIB1 
In LS [2], RAN1 provided some additional SIB performance evaluation on Rel-13 low complexity MTC, and the result shows that the required number of repetitions can be very high in order to achieve15 dB coverage enhancement. In case of “discontinuous” repetition, with the SIB transmitted every 20 ms, 100-209 repetitions are required for receiving a TB of 328 bits with 1% BLER. In case of “continuous” repetition, with the SIB transmitted more frequently, 300-365 repetitions are required for receiving a TB of 328 bits with 1% BLER.
In the current specification, the normal SIB1 uses a fixed schedule with a periodicity of 80 ms and repetitions made within 80 ms, i.e. there are 1 first transmission and 3 repetitions within 80 ms. For MTC-SIB1, it is apparent that the scheduling periodicity needs to be extended to ensure sufficient number of repetitions. For FDD, subframes #0, #4, #5 and #9 which are not MBSFN subframes could be used for MTC-SIB1 repetitions. For TDD, MTC-SIB1 could use subframes #0 and #5 which are always downlink subframes. In addition, subframes #1 (special subframe) and #6 (downlink or special subframe) can be used as well by assuming a default configuration or a fixed number of OFDM symbols used. Assuming 4 subframes per radio frames are used for MTC-SIB1 transmission, the MTC-SIB1 scheduling periodicity needs to be increased to 500ms in order to provide 200 repetitions for 15 dB coverage enhancement. If the MTC-SIB1 is of a smaller size (e.g. due to the short plmn-IdentityList in case RAN sharing is not configured, or due to the short SchedulingInfoList in case only few MTC-SIBs are configured), or if the system only needs to support a moderate coverage enhancement (e.g. 5 dB), then less number of repetitions hence shorter scheduling periodicity is required for the MTC-SIB1.
If we specify a fixed scheduling periodicity as today for MTC-SIB1, then the length of the scheduling periodicity must be able to provide sufficient number of repetitions for the worst situation, i.e. the MTC-SIB1 is of the maximum size and requires the maximum level of coverage enhancement. With such a long MTC-SIB1 scheduling periodicity, the eNB will be unable to quickly change some of the parameters in MTC-SIB1(e.g. quickly bar the cell), in case the size of MTC-SIB1 is small and/or the system only needs to support a moderate coverage enhancement (e.g. 5 dB). It is desirable to allow a flexible MTC-SIB1 scheduling periodicity, which could be configured by the eNB by MIB. The exact time domain resources that could be used for MTC-SIB1 repetitions could be left to RAN1 to decide. 
Proposal 3: The scheduling periodicity for MTC-SIB1 is configurable by MIB. The exact time domain resources that could be used for MTC-SIB1 repetitions are left to RAN1 to decide.
2.3 MTC-SIB2 and upwards
In the current specification, SIBs other than SIB1 are carried in SI messages and mapping of SIBs to SI messages is flexibly configurable by schedulingInfoList included in SIB1. The SI messages are transmitted within periodically occurring time domain windows (referred to as SI-windows) using dynamic scheduling. Each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap. Within the SI-window, the corresponding SI message can be transmitted a number of times. The maximum SI-window length is 40ms. The maximum SI-periodicity is 5.12s.
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Figure 1: SI message transmission for Rel-13 low complexity MTC
For the SIBs for Rel-13 low complexity MTC, as indicated in LS [2], a very high number of repetitions are required for each SI message transmission. There are two possible options, as shown in Figure 1.
1) Option 1: streamlined SI messages. The maximum SI-window length will be increased, so that sufficient number of repetitions is provided within each SI-window in order to achieve the desired level of coverage enhancement.
2) Option 2: interleaved SI messages. It is not necessary to increase the SI-window length to provide more repetition opportunities within each SI-window. Instead, UE needs to combine the SI repetitions across several SI windows until the SI message is successfully decoded.
Option 1 is more aligned to the current mechanism.
For option 2, the main advantage is that the overall system information acquisition time will be shorter for Rel-13 low complexity UEs in normal coverage and in relative good coverage. On the other hand, with option 2, if a Rel-13 low complexity UE is not equipped with multiple soft buffers to store the interleaved SI messages, the UE has to read different SI messages subsequently. In this case, if the Rel-13 low complexity UE is in relative bad coverage, the overall system information acquisition time might be even longer, e.g. possibly across multiple BCCH modification periods.
Option 2 is the preferred option, as it is more important to support fast radio access for Rel-13 low complexity UEs in normal coverage.
Proposal 4: Different SI messages might be interleaved within one BCCH modification period, and in this case Rel-13 low complexity UEs may combine the SI repetitions across several SI windows.
2.4 MTC-SIB modification
In the current specification, change of system information (other than for ETWS, CMAS and EAB parameters) only occurs at specific radio frames, i.e. the concept of a modification period is used. When the network changes system information, it first notifies the UEs about this change. In the next modification period, the network transmits the updated system information.
For the system information for Rel-13 low complexity MTC, considering that a high number of repetitions are required for SIB transmissions, a longer modification period is expected comparing to the system information for normal UEs. Some parameters are included in both the normal SIBs and the MTC SIBs (e.g. TDD configuration), hence the eNB should avoid changing these parameters in one place while not in another, to avoid serious system problem. To avoid this risk, if the eNB wants to change the parameters that are included in both the normal SIBs and the MTC SIBs, it should only update the parameters at the boundary of the longer modification period. In this case, to ensure an aligned modification period boundary, the modification period for Rel-13 low complexity UEs shall be configured as a multiple of the modification period for normal UEs.
The maximum configurable value for BCCH modification period is 40.96s in the current specification. However, considering that the SFN space is 10.24s, the actual largest BCCH modification period is 10.24s. The current value range is sufficient for Rel-13 low complexity MTC, and it is not necessary to further extend it.
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Figure 2: Synchronous change of common parameters
Proposal 5: The modification period for Rel-13 low complexity UEs shall be configured as a multiple of the modification period for normal UEs.
3 Conclusion

In this contribution, we further discussed the SIB design for Rel-13 low complexity UEs and UEs in enhanced coverage share, and we have the following proposals:
Proposal 1: As starting point, reuse the current system information mechanism (i.e. the system information scheduling and update procedures) for Rel-13 low complexity MTC, unless significant problems are identified.
Proposal 2: As starting point, MTC-SIB1 includes the same parameters as those in the existing SIB1. RAN2 should add new parameters and/or remove some of the existing parameters only if it provides clear benefits to do so.
Proposal 3: The scheduling periodicity for MTC-SIB1 is configurable by MIB. The exact time domain resources that could be used for MTC-SIB1 repetitions are left to RAN1 to decide.
Proposal 4: Different SI messages might be interleaved within one BCCH modification period, and in this case Rel-13 low complexity UEs may combine the SI repetitions across several SI windows.

Proposal 5: The modification period for Rel-13 low complexity UEs shall be configured as a multiple of the modification period for normal UEs.
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