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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 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 SIB1bis 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 can be 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 in order to 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 SIB1bis is indicated in MIB. Currently no other scheduling information has been agreed to be included in the MIB. 
2.1.1 Low complexity support indication

It has been agreed that Rel-13 low complexity support should be indicated in the MIB [4]. A Rel-13 low complexity UE knows that it may access the cell with such indication. This LC support bit can also simultaneously be used as a branching bit. In this way, even if many MIB spare bits are used for the Rel-13 LC feature, 9 bits will still be available to other future features when Rel-13 LC/CE features are not supported in the cell. See Appendix 5.1 for details. 
2.1.2 Transport block size indication

RAN2 agreed that “UE determines the TBS of SIB1bis based on information in MIB” [5]. Such an indication in MIB would contain scheduling information for SIB1bis and act as replacement for PDCCH which cannot be read by Rel-13 LC/CE UEs. The TBS of SIB1bis is the only scheduling information that can be considered necessary to include in the MIB. The TBS field can have a size of 5 bits which is sufficient to express a TBS in the range of e.g. 104-1096 bits with a 32 bit granularity. This would also be future proof since SI broadcast would have to be less than 1000 bits for Rel-13 LC UEs, and further it would not exclude the possibility to have joint transmissions of essential SI and thereby reduce the number of repetitions required by 29% (see the ‘SIB scheduling’ contribution for discussion on TBS range [9]). 
2.1.3 Frequency hopping indications

Other scheduling information, in particular time and frequency allocation, is assumed to be fixed/pre-defined in the specifications. One potential exception relates to frequency hopping: RAN1 has the following agreement regarding frequency hopping [RAN1#82]:

“At least in case the network supports enhanced coverage, frequency hopping for MTC SIB-1 is always used at least system bandwidth >= 5Mhz
· Option A: MTC-SIB1 frequency hopping takes place between 2 narrowbands in the cell.
· Option B: MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands as indicated in MIB.”
Therefore if option B were to be agreed, 1 bit out the MIB spare bits would have to be used to indicate if frequency hopping is between 2 or 4 narrowbands. However, from RAN2 standpoint dynamically having two different options for f-hopping may not be needed unless it is shown that there are further frequency diversity gains by doing so.

Observation 1 It is not beneficial to have multiple options to configure PBCH frequency hopping.
It is FFS whether frequency hopping should be optionally used for SIB1bis in cells that support only low complexity UEs in normal coverage. If it is, it would have to be indicated by using a spare bit in the MIB.  Therefore it is preferable if SIB1bis is always transmitted with frequency hopping, in cells that support only low complexity UEs in normal coverage. (Note that implicit determination of f-hopping based on the system bandwidth, Cell ID, subframe number, etc. can still be considered but this is up to RAN1 to decide).
Proposal 1 No MIB spare bits are used to configure frequency hopping.
2.1.4 Indication of available downlink subframes

Other issues that have been brought up for potential use of MIB spare bits are the indication of the CFI-region and the indication available downlink subframes [7]. However, since SIB1bis will be transmitted in fixed/pre-determined subframes there is no point in providing this information to the UE before it acquires SIB1bis. It is therefore suggested that these indications are not included in MIB.

Proposal 2 No MIB spare bits are used to indicate the CFI-region or available DL subframes. 

2.1.5 Coverage enhancement indication

Since SIB1bis is periodically broadcasted, the UE will in principle always be able to decode it given enough time and provided that there has been no updates during that time. Therefore the main purpose of CE-level support indicator would be to give an early indication to the UE whether the maximum supported CE-level of the cell is less than what the UE needs, such that it can conserve battery and/or save time by not even considering the cell for cell (re)selection. 

Observation 2 An indication of maximum supported CE level in MIB can reduce cell (re)selection time and UE power consumption.
From the number of repetitions required for decoding and from RSRP measurements, the UE can estimate what CE-level it is operating and how many repetitions it needs to decode SIB1bis. The question is whether or not the UE later will be able to perform a random access in the cell. Random access related configurations are broadcasted in SIB2 and the number of bits that are required to indicate such information is quite large to be provided in MIB. Since this is what ultimately determines if the UE can camp on the cell, there is no need in providing a CE-level indication based on downlink quality measures, such as the number of repetitions required to decode SIB1bis or a parameter similar to q-RxLevMin that indicates the coverage enhancement.  Further, note that it is not possible to link the maximal DL CE-level supported in the cell to the maximal UL supported CE-level in the cell due to the varying output power of the eNB (i.e. power offset for macro and pico eNB). It is also possible to have one bit that indicates whether the cell supports coverage enhancement functionality or not regardless of the supported CE level, but it may not be worth using a spare MIB bit for such information. 

Proposal 3 Support for coverage enhancement is not indicated in MIB.
2.2 Summary
In conclusion, we prefer to use MIB spare bits only for the indication of low complexity support, i.e. branching out extensions for the MTC feature, and for the transport block size of SIB1bis. This is summarized in the table below. 
Table 1: New information fields in Rel-13 MIB.

	New MIB field
	Size
	Comment

	Rel-13 LC support
	1 bit
	Also serves as branching indicator (see Appendix 5.1)

	SIB1bis TBS
	5 bits 
	Supports a 104-1096 bit TBS with a 32 bit granularity.
 


Proposal 4 Use MIB spare bits to indicate Rel-13 LC support/branching (1 bit) and provide SIB1bis TBS (5 bits).
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
It is not beneficial to have multiple options to configure PBCH frequency hopping.
Observation 2
An indication of maximum supported CE level in MIB can reduce cell (re)selection time and UE power consumption.
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
No MIB spare bits are used to configure frequency hopping.
Proposal 2
No MIB spare bits are used to indicate the CFI-region or available DL subframes.
Proposal 3
Support for coverage enhancement is not indicated in MIB.
Proposal 4
Use MIB spare bits to indicate Rel-13 LC support/branching (1 bit) and provide SIB1bis TBS (5 bits).
Proposal 5
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.
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5 Appendix
5.1 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 5 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).

[image: image1.emf]Next k-1 bits contain Rel-

13 LC/CE parameters

1st  bit = 1?

Yes

2nd bit = 1?

No

Next k-2 bits 

contain extension X 

parameters

Yes

No

And so on ...


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.

5.2 Coverage enhancement support

Regarding the indication of the maximum CE level supported in the cell, such an indication could either be included in MIB, or in another SI container acquired later. In this paper only indications in MIB are discussed, and the main purpose of such an indicator would then be to allow for the UE to avoid acquiring SIB1bis to camp on the cell if its coverage enhancement level is worse than what is supported in the cell. Since SIB1bis is periodically broadcasted the UE will in principle always be able to decode it eventually, given that accumulation is done over sufficiently many repetitions (at least if changed SI content is not considered). The main purpose of a CE indication in MIB would therefore be to give an early indication to the UE if it should even attempt to decode SIB1bis, or at what point it should not bother to try to decode it any longer (e.g. in the case of incorrect RSRP measurement). The benefits are therefore extended UE battery life and shorter cell (re)selection time. In a way the maximum CE-indication is therefore not crucial but rather an optimization. On the other hand, after the UE has decoded the MIB it has some knowledge of its own CE-level from both RSRP measurements and the number of repetitions required for decoding MIB, but it may not know the maximum CE-level currently supported in the cell. Given the large number of repetitions required for the highest CE-level, such an indication would therefore have large gains on battery life and perhaps CE operation is not even feasible for battery operated devices without it.  

Several options can be considered for such a maximum CE level indication and at least the most obvious are listed and discussed below:

A)   An on/off type of indication. This will not be sufficient since there are different levels in which coverage enhancement can be supported (e.g. 5, 10, 15 dB).

B)   Indication of coverage enhancement level.  Just indicating a level, e.g. CE level 2, the UE will not be able to interpret such relative value without knowing the reference coverage. 

C) An indication of the minimum RSRP for camping on the cell, i.e. a q-RxLevMin-CE threshold. This is beneficial since it has direct and clear meaning to the UE, if measured RSRP is not above this threshold it shall not consider the cell for cell (re)selection. The drawback is that the RSRP measurement is very inaccurate in the UE (±8 dB according to Table 9.1.2.1-1 in [8]). That is, even if such an indication where to be included in MIB, the measurement inaccuracy could cause the UE to acquire SIB1bis when not necessary (and vice versa).

D) An indication of the maximum number of repetition the UE should attempt for decoding SIB1bis. If the UE has not managed to decode it accumulating over the indicated number of repetitions, the cell shall not be considered for cell (re)selection. (This could possibly be combined with a maximum number of attempts). Note that if the UE clearly sees that it will need more that the indicated number of repetitions it will not even attempt to decode SIB1bis to save battery.

The number of repetitions in option D can be mapped to the q-RxLevMin-CE threshold in option C and therefore e.g. 2 bits in MIB could indicate both according to the following table.

Table 2: Maximum coverage enhancement indication bit mapping.

	Bit string
	q-RXLevMin-CE 
	SIB1bis max # of repetitions
	CE level

	00
	QNC
	NNC
	NC

	01
	Q1
	N1
	1

	10
	Q2
	N2
	2

	11
	Q3
	N3
	3


� The granularity could be decreased to 28 bits to keep the value below 1000 bits, but details are up to RAN1 to decide.


� A similar approach has been used for HS-SCCH orders in UMTS. See Clause 4.6C in TS 25.212 � REF _Ref415561668 \n \h ��[3]�.
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