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1 Introduction

The Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1] includes three main objectives: (1) specify a new Rel-13 low complexity UE category for MTC operation, (2) achieve a LTE coverage improvement corresponding to 15 dB for FDD, and (3) minimize UE power consumption. For the new low complexity UE, reduced UE bandwidth of 1.4 MHz in downlink and uplink is considered as the most important complexity reduction technique. 
In this paper we discuss the contents of MIB for Rel-13 low-complexity and coverage enhanced UEs (LC/CE UEs). Note that the term SIB1x is used to refer to the new SIB1 introduced for Rel-13-LC/CE UEs.
2 Discussion

2.1 MIB parameters
RAN1 has agreed that Rel-13 LC/CE UEs acquire MIB using the legacy PBCH, with the only difference that additional repetitions are provided to enhance the coverage of PBCH. MIB consists of a limited amount of information that a UE needs to acquire the rest of the system information and access the network. Since its size is fixed, MIB cannot be extended however there are 10 spare bits that can be utilized.
In RAN2#89bis it was agreed that indication will be included in MIB “to determine if a cell supports Rel-13 low complexity UE category and Rel-13 enhanced coverage (EC) functionality”. Furthermore, in both RAN2#90 and RAN1#81 it was agreed that the TBS of SIB1x is indicated in MIB. Currently no other scheduling information has been agreed to be included in the MIB. 
Our view of how the MIB spare bits can be utilized, based on the discussions in RAN1 and RAN2, is summarized in the table below.

	New MIB field
	Size
	Comment

	Rel-13 LC support
	1 bit
	Also serves as branching indicator (see section 2.3)

	SIB1x TBS
	3-4 bits 
	(~100 - 500 bits TBS)


The first field indicates the support for Rel-13 low complexity UEs in the cell. If this field is set, a Rel-13 low complexity UE knows that it may access the cell. If the UE is operating in enhanced coverage it will also need to check the coverage enhancement level supported in the cell to determine if access is allowed or not. (The same is true for a normal complexity UE operating in enhanced coverage). We will discuss this further in section 2.2.
The second field contains scheduling information for SIB1x and acts as replacement for PDCCH which cannot be read by Rel-13 LC/CE UEs. At the moment, the TBS of SIB1x is the only scheduling information that is considered necessary to include in MIB. The TBS field can have a size of 3 or 4 bits which is sufficient to express a TBS in the range of ~100-500 bits with an appropriate granularity. Other scheduling information, in particular time and frequency allocation, is assumed to be fixed/pre-defined in the standard. RAN1 has the following working assumption regarding frequency hopping:

“At least in case the network supports enhanced coverage, frequency hopping for MTC SIB-1 is always used at least system bandwidth >= 5Mhz”

It is FFS whether frequency hopping can be used for Rel-13 LC UEs in normal coverage, but if it happens to be the same, there will be no need to indicate this in the MIB.
2.2 Coverage enhancement support
One can consider the following regarding the indication for coverage enhancement support:
· An on/off type of indication; which will not be sufficient since there are different levels in which coverage enhancement can be supported (e.g. 5, 10, 15 dB)
· Indication of coverage enhancement level; which even indicated (e.g. CE level 2) the UE will not be able to interpret such relative value without knowing the reference coverage. 
An alternative approach can be to introduce a parameter like q-RxLevMin, e.g. say q-RxLevMin-CE, which indicates the amount of coverage enhancement with respect to q-RxLevMin that can be broadcasted in the cell. The parameter q-RxLevMin is used to indicate the required minimum received RSRP level in the cell for cell selection/ re-selection. The q-RxLevMin-CE parameter can be broadcasted either in SIB1x or MIB. A drawback of indicating it in SIB1x instead of MIB is that it takes longer to discard a cell with insufficient coverage enhancement during cell (re)selection. This may increase cell (re)selection time and UE power consumption. For example, a Rel-13 LC/CE UE would only like to attempt decoding SIB1x if: 

RSRP ≥ q-RxLevMin-CE
Observation 1 If the amount of coverage enhancement is indicated in SIB1x, cell (re)selection time and UE power consumption may increase compared to when it is indicated in the MIB.
If coverage enhancement level is indicated in SIB1x, this may also imply that SIB1x must be decodable by all UEs, including UEs in the worst possible coverage (e.g., requiring 15 dB coverage enhancement). In other words the ability to decode SIB1x may not need to depend on the coverage enhancement level supported in the cell.

Observation 2 Indicating the supported level of coverage enhancement in SIB1x instead of MIB may require that SIB1x is decodable by UEs in all CE levels, i.e. even those UEs that require a higher level of coverage enhancement than the cell supports.

Using cell selection criterion S instead of RSRP measurement can be another option, but it does not seem to be feasible for such information to be broadcasted in the MIB due to its size. On the other hand, here the motivation is only to give the Rel-13 LC/CE UE a hint regarding the maximum CE level the cell supports. Considering that RAN1 agreed the following:

“UE determines based on RSRP measurement whether or not to start using one of the PRACH resource sets for CE (i.e., PRACH transmission with repetitions)”
similar references can be adopted here. Note that in RAN1 the discussion on whether a Rel-13 LC/CE UE operating CE selects a PRACH repetition level based on DL measurement is pending the RAN4 conclusion. In RAN2#90, it was agreed that Rel-13 LC/CE UE uses enhanced coverage mode if the cell is suitable according to EC S (new) criteria which depends on RAN4 outcome on measurements in EC. We propose the following pending confirmation from RAN4
Proposal 1 Support for coverage enhancement is indicated in the MIB via q-RxLevMin-CE, which defines the minimum RSRP level for cell (re)selection.
The Rel-13 LC/CE UE can compare the measured RSRP with the q-RxLevMin-CE indicated in the MIB and decide whether it is worth attempting to decode SIB1x. If the measured RSRP <= q-RxLevMin-CE, there is no need for the UE to attempt decoding SIB1x, leading to savings in power consumption. Otherwise, the UE can find out which CE level it needs to operate after decoding SIB1x. If coverage enhancement level is indicated in the MIB, one issue to consider is how to indicate the q-RxLevMin-CE value using the limited number of spare bits in the MIB. Indicating the values, similar to legacy, with a certain step size and lower/upper limits can be costly due to the number of bits required. One alternative can be to determine group of values to select from, e.g. 2 bits -> 4 possible values to select from etc. For comparison, legacy q-RxLevMin uses a step size of 2 and ranges from -140 to -44 dBm, and thus requires 6 bits.
Q-RxLevMin information element
-- ASN1START

Q-RxLevMin ::=





INTEGER (-70..-22)
-- ASN1STOP

2.3 Future MIB extensions
Assuming that the Rel-13 LC/CE extension consumes k of the spare bits in MIB there is only 10-k bits left for future extensions. To allow cells that do not support the Rel-13 LC/CE feature to make use of the k bits utilized by the Rel-13 LC/CE extension, some form of branching can be considered. A simple approach is to use the first of the k bits (i.e. the “LC UE support” field) as a branching indicator. If the first bit is set to one, the k-1 bits that follow contains Rel-13 LC/CE parameters, otherwise the UE checks for the next extension type by reading the next spare bit. If this bit is set to one, the next k-2 bits contain the extension parameters, and so on
. Note that the remaining 10-k spare bits in MIB are independent and are not affected by the branching structure imposed on the first k bits.
Proposal 2 To allow cells that do not support the Rel-13 LC/CE feature to make use of the k spare bits utilized by the Rel-13 LC/CE extension, the first of the k bits (i.e. the “LC UE support” field) acts as branching indicator. Setting this bit to zero indicates that the following k-1 bits do not contain Rel-13 LC/CE parameters (and hence can be used for future extensions).
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Figure 1: Branching structure for the first k spare bits in MIB
In order to avoid misinterpretations the “LC UE support” field must be set to zero in cells which do not support the Rel-13 LC/CE extension, in particular in pre-Rel-13 cells. Fortunately, there is already a requirement that spare bits in MIB shall be set to zero prior to Rel-13; according to clause 8.4 in TS 36.331 [2] a “transmitter compliant with this version of the specification shall set spare bits to zero”.

Observation 3 The MIB spare bits are set to zero prior to Rel-13.
3 Conclusion

In this contribution we have discussed the contents of MIB for Rel-13 low complexity and/or coverage enhanced UEs. In section 2 we made the following observation:
Observation 1
If the amount of coverage enhancement is indicated in SIB1x, cell (re)selection time and UE power consumption may increase compared to when it is indicated in the MIB.
Observation 2
Indicating the supported level of coverage enhancement in SIB1x instead of MIB may require that SIB1x is decodable by UEs in all CE levels, i.e. even those UEs that require a higher level of coverage enhancement than the cell supports.
Observation 3
The MIB spare bits are set to zero prior to Rel-13.


Based on the discussion in section 2, we propose the following:
Proposal 1
Support for coverage enhancement is indicated in the MIB via q-RxLevMin-CE, which defines the minimum RSRP level for cell (re)selection.
Proposal 2
To allow cells that do not support the Rel-13 LC/CE feature to make use of the k spare bits utilized by the Rel-13 LC/CE extension, the first of the k bits (i.e. the “LC UE support” field) acts as branching indicator. Setting this bit to zero indicates that the following k-1 bits do not contain Rel-13 LC/CE parameters (and hence can be used for future extensions).
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