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1 Introduction
At RAN2#89 several agreements were made concerning provision of System Information for a new category of LC (MTC) UEs and for enhanced coverage (1). It was agreed that one or more new SIBs would be specified for these UEs. 
The MIB currently has ten unassigned spare bits and several proposals have been made for possible uses for these bits for support of LC UEs and for coverage enhancement (2)(3)(4). 

2 MIB Spare Bits
One of the objectives of the WI is that the UEs should conserve power. When a LC UE detects an eNB it should be able to determine whether LC UEs are supported without delay. If it has to receive and decode a SIB to find this information, this would happen after receiving the MIB, taking longer and using more power than just reading the MIB. If the SIB may be placed in a number of different optional locations in time or frequency this may require multiple blind decoding attempts. A mSIB1 will not be present in legacy systems and it will be optional for Release 13. Attempting to decode a mSIB1 that may not be present just to determine whether the eNB supports the new UEs wastes time and power. The problem will be worse for enhanced coverage due to a longer time needed to receive enough repetitions to determine whether a valid mSIB is present. 
An early indication of support for LC MTC and for enhanced coverage is beneficial. It has been agreed by RAN1 to offer separate levels of enhanced coverage (5). A MNO may decide to support LC UEs and may separately decide whether or not to also offer enhanced coverage and at which level. 
A MIB spare bit could be used to indicate support for LC UEs. Two more spare bits could indicate one of three levels of the maximum supported level of enhanced coverage support. Enhanced coverage support implies a capability for LC UE support but an option to offer support for LC UEs separate from enhanced coverage means that the capability indicating bits could not be combined. 
If support for LC UEs included at least a minimal 0-5dB range of enhanced coverage then a separate bit for indicating just LC UE support could be saved. Any of two bits used to indicate enhanced coverage would also indicate support of LC UEs. Including some limited enhanced coverage as a minimum implies a need for more overhead in signaling and increased response delay times. This may not be an acceptable restriction for support for LC UE.
If a UE can  discover whether an eNB supports LC UEs and enhanced coverage by reading bits in the MIB as suggested above then these bits could also correspond with fixed scheduling times and repetition intervals for an mSIB1. The UEs will then not only know that they are supported by the eNB but where to find mSIB1 without any additional signalling. A UE could read the MIB SFN count and go to a low power state until the next expected mSIB transmission time.
For example, if the MIB indicates LC UE support but not enhanced coverage then the eNB could transmit a new mSIB every 80ms at a fixed SFN modulo count. If alternatively the MIB indicates support for the maximum amount of CE then the new mSIB could be repeated every 10ms. In this way the amount of new mSIB signalling overhead in the eNB could be optionally adjusted by the MNO to match the level of enhanced coverage offered.
Observation 1: Power saving for a UE is aided by indicating LC and enhanced coverage in the MIB.
In enhanced coverage it has been suggested that a UE should be able to receive SIB information within 10.24s (1). Thus the mSIB modification period would need to be set to 10.24s. In enhanced coverage it is anticipated that only some essential SIB information will be required. This will be in one or more new SIBs. For example up to 400 repetitions (6) of the SIB information may be required to be received for the maximum enhancement of coverage. At a 20ms repetition this means that 8 seconds would be needed. It is important that the SIB does not change in less than this time. A UE that is acquiring a connection to a new eNB will read MIB and then mSIB. It could start to receive the mSIB at any time. In about 80% of cases it could not be guaranteed to receive the SIB before it may change. The UE could wait until the start of the next modification period in order to time align to the 10.24s modification periods but this would result in additional delay. Ideally the value of the mSIBs will remain constant for significantly longer that the worst case time needed to receive sufficient copies of them. For example if 8s is required to receive sufficient copies the SIB, the modification period should be 3 to 10 times longer. This means that the UE has a good statistical probability of being able to accumulate enough copies with any random reception start time
Two of the spare bits of the MIB could be used to extend the SFN count to 40.96 seconds to then support modification periods up to 40.96s. Legacy UEs would not read this count but it would not cause any time alignment problems for them. UEs in enhanced coverage would have a better than 80% chance to be able to receive SIBs when starting at a random time.
Additionally, extending the SFN would allow a MNO the option to send mSIBs less frequently (e.g. every 100ms) to reduce overhead although this would increase mSIB acquisition time (e.g. to 40sec for 400 repeats). This may also be used if mSIB is broken into two mSIBs where the second mSIB doesn’t need to be acquired in e.g. 10.24sec. 

Also, SFN extension is likely useful for the extended DRX work item which has been approved.

Observation 2: An extended SFN count allows a longer SI modification window that is useful for UE power saving and lowering SIB overhead in enhanced coverage.
There is a need for the LC UEs and UEs in coverage enhancement to know if SIB information has changed, ideally without a need to receive much information. Indicating the mSIB version would be potentially useful to place in MIB spare bits. However, the small number of available bits is too short to be useful to UEs that sleep for any significant time. Restricting the number of SIB changes to the count value within a time limit of for example 3 hours is a possible solution to this.
Observation 3: The MIB does not have enough bits to implement a useful system information value count.
Proposal 1: RAN2 should to consider using some MIB spare bits to indicate support for LC UEs and enhanced coverage and to extend the SFN count.
3 New mSIBs
If an eNB supports enhanced coverage then the most important SIB IEs will need to be repeated sufficiently frequently for a UE in enhanced coverage to receive them within a time limit. 10.24s has been suggested (1). For 15dB enhanced coverage a 328bit mSIB1 may require 200 or more repetitions (6)(7). If this new mSIB1 is sent every 40ms this implies that 8 seconds would be required. 

Transmitting any new mSIB with IEs that are already transmitted in an existing SIB is a duplication that reduces the capacity of the system. As RAN1 showed in (6) reducing the size of the SIB will reduce the number of required transmissions, so ideally only the most time sensitive information should be transmitted frequently. More than one new mSIB could be specified and the IEs could be divided between the most time sensitive into mSIB1 and those less time sensitive into another new mSIB2 which is sent less frequently. An extended reception interval could be specified for these. This would reduce the size of the mSIB1 and improve efficiency because fewer resources will be used by the eNB. The small mSIB1 may not need to be received with as many repetitions to be decoded error free (6).
If a longer period is allowed for the reception of the mSIB2 of for example 20.48s then this will have the effect of increasing the amount of time taken for initial acquisition. For checking of the mSIBs to see if they have changed, only the mSIB1 will be needed since it can indicate whether mSIB2 has changed. If mSIB1 does not indicate a change in mSIB2 then there would be no need to receive it. The amount of time spent receiving each repetition of the short mSIB1 in order to receive it within 10.24s will be less than needed for receiving each repetition of a long mSIB1. There will also be fewer short mSIB1 repetitions that need to be received within the allowed 10.24s
For example: referring to R1-150595 (6) Table 2.
If a single mSIB is used containing 1000 bits this must contain the frequently required information together with less frequently required information. This 1000 bit mSIB therefore needs to be sent about 500 times. To do this within 10.24s requires the mSIB to be sent every 20ms.
Alternatively, a small mSIB1 containing 152 bits only needs 100 repetitions which requires the mSIB1 to be sent every 100ms in order to be received within 10.24s.
The mSIB2 will contain 848 bits (1000 – 152) which may need to be sent an estimated 400 repetitions within a relaxed time of 20.48s. This implies one mSIB2 will need to be transmitted every 50ms.
Observation 4: A short , frequently repeated mSIB1 containing IEs which are time sensitive together with a longer, less frequently repeated mSIB2 containing IEs which are not time sensitive could save power for UEs and system resources.
The mSIBs should contain information from legacy SIBs 1, 2 and 14 together with any new information for LC and enhanced coverage such as the CFI indication and indications for additional SIBS or mSIBs to be received.
Some parts of legacy SIB1 do not apply to LC or enhanced coverage and could be easily removed from mSIBs. The largest part of legacy SIB1 is the PLMN identity list which also varies in size depending on the number of PLMNs supported. With this moved to a mSIB2 the remaining SIB1 IEs would amount to only a small mSIB1. If more SIB1 IEs could be transferred to a less frequently transmitted mSIB2 even greater saving could be achieved.
Two essential mSIB1 IEs that need to be sent frequently are the system information value tag and access class barring.

Initial reception times of all mSIB IEs on cell acquisition will be dependent on the amount of time necessary to receive both mSIB1 and mSIB2. 
Proposal 2: RAN2 should specify a frequently repeated mSIB1 containing IEs which are time sensitive together with a longer, less frequently repeated mSIB2 containing IEs which are not time sensitive.
4 Conclusion
Observation 1: Power saving for a UE is aided by indicating LC and enhanced coverage in the MIB.
Observation 2: An extended SFN count allows a longer SI modification window that is useful for UE power saving and lowering SIB overhead in enhanced coverage.

Observation 3: The MIB does not have enough bits to implement a useful system information value count.

Proposal 1: RAN2 should to consider using some MIB spare bits to indicate support for LC UEs and enhanced coverage and to extend the SFN count.
Observation 4: A short , frequently repeated mSIB1 containing IEs which are time sensitive together with a longer, less frequently repeated mSIB2 containing IEs which are not time sensitive could save power for UEs and system resources.

Proposal 2: RAN2 should specify a frequently repeated mSIB1 containing IEs which are time sensitive together with a longer, less frequently repeated mSIB2 containing IEs which are not time sensitive.
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