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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 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 continue to discuss the system information design for Rel-13 low-complexity and coverage enhanced UEs (Rel-13 LC/CE UEs).
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It has been agreed to “Introduce separate indications in MIB to determine if a cell supports Rel-13 low complexity UE (category) and/or Rel-13 enhanced coverage (EC) functionality” [7]. Furthermore, in both [8] and [11] 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. 
Low complexity support enabled indication
It has been agreed that it should be indicated in the MIB whether the cell has enabled support for Rel-13 low complexity UEs [4]. A Rel-13 low complexity UE knows that it may access the cell with such indication. 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[footnoteRef:1]. 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. [1:  A similar approach has been used for HS-SCCH orders in UMTS. See Clause 4.6C in TS 25.212 [3].] 
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Coverage enhancement indication
The main purpose of CE-level support enabled indicator would be to give an early indication to the Rel-13 CE UE such that it can conserve battery and/or save time by not even considering the cell for cell (re)selection. That is, if a 1 bit indication is provided, the UE could see whether the cell has CE support enabled. However the UE would still need to acquire SIB1bis to find out which CE level it is in and whether it is supported in the cell. If multiple bits are used, the maximum supported CE-level can also be indicated. Since the maximum CE-level indicated in MIB would be restricted to e.g. 4 predetermined values (in that case using 2 bits in MIB) it would not be possible to provide the actual CE-level, i.e. a threshold based on the RSRP measurement, configured in the cell. Due to these shortcomings we think it is not worth using scarce MIB bits. 
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SIB1bis scheduling parameters
Legacy SIB1 uses fixed scheduling in the time domain but the frequency location and MCS/TBS is dynamically indicated via PDCCH. Since it has been agreed that M-PDCCH-less scheduling will be used for SIB1bis, scheduling parameters which cannot be fixed or pre-defined in the standard need to be provided in the MIB.
SIB1bis periodicity
In [12] it has been agreed that:
· SIB1bis is transmitted periodically with a period of TSIB1bis radio frames
· Within a period, SIB1bis can be repeated a number of times
· RV cycling {0,2,3,1,…} is used for each SIB1bis transmission within a period
· SIB1bis transmission period TSIB1bis is predefined
· TSIB1bis = 8 radio frames
· Working assumption: Repetition number RSIB1bis within a period is derived from MIB
Since the required number of repetitions for SIB1bis is at around 120 (for a 15 dB coverage enhancement and a 150 bit size) [13], it will neither be practically possible nor desirable to fit those 120 repetitions within one single 80 ms SIB1bis transmission period. Therefore we observe the following:

[bookmark: _Toc434620453][bookmark: _Toc434620594]Coverage enhancement for SIB1bis is achieved by combining repetitions across multiple 80 ms transmission periods.

[bookmark: _Toc434620454][bookmark: _Toc434620595]The SIB1bis transmission period does not have to be indicated in MIB.

SIB1bis transmission subframe
SIB1bis can only be transmitted in subframes which are not configurable as MBSFN subframes, i.e. subframes {0, 4, 5, 9} for FDD and {0, 1, 5, 6} for TDD. The exact subframe(s) to use for SIB1bis is up to RAN1. Since SIB1bis must be accumulated over several 80 ms periods for higher CE levels (see above), the maximum CE-level that can be supported is independent of how many subframes are used for SIB1bis repetitions in the 80 ms period. Therefore the only remaining RAN2 issues are the SIB1bis system overhead and any acquisition time restrictions. Table 2 in the Appendix shows the system overhead and acquisition time for different number of subframes for SIB1bis repetitions within the 80 ms period. Given that a 2400 ms acquisition time is in the same order as other transmissions at the highest CE-level, and that the system overhead is 0.47%[footnoteRef:2], we propose to broadcast SIB1bis transmissions every 20 ms as in legacy. Further since at the time of decoding SIB1bis it is not known to the UE whether the cell is configured for FDD or TDD, subframes #0 and #5 are good choices since they are available in both configurations. Subframe #0 is however used for PBCH transmission so therefore we propose the following: [2:  Note that this overhead is added on top of that of legacy SIB1. ] 
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[bookmark: _Toc434620455][bookmark: _Toc434620596]SIB1bis update
In [10] it was agreed that “The duration over which the content of SIB1bis cannot change is either a/ fixed in the specification or b/ determined from a table where the index to the table is included in MIB”. This would be a modification period for SIB1bis which ensures to the UE that the accumulation will not fail due to an updated content. In legacy operation this period is 80 ms, but for Rel-13 LC/CE UEs it would have to be multiple N of  80ms SIB1bis transmission periods since one will not be sufficient for higher CE-levels (in spite of only having RV cycling within the 80 ms period). Some possible solutions are 1) to have N semi-statically indicated in MIB, 2) to have N hard coded in the specifications, or 3) not to specify a duration over which the content of SIB1bis cannot change, i.e. leave it up to network implementation. In the last option, a UE in higher CE-levels which need to accumulate over several 80 ms SIB1bis transmission periods may need to assume that the update starts based on any of the multiples of the SIB1bis period, i.e. 0, 80ms, 160 ms etc. In legacy operation, the network can, from a specification standpoint, update SIB1 at any of the multiples of 80 ms after the modification period in which change notification is sent, even though one can expect that the update is most likely to take place starting with the modification period border, i.e. the border between the modification period in which change notification is sent and the modification period in which information is updated (see Figure 5.2.1.3-1 in [2]).
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Frequency location & hopping indication 
The working assumption in RAN1 is that the frequency location for SIB1bis is determined based on subframe index/SFN, cell id, and system bandwidth [11]. Regarding frequency hopping it has been agreed that [12]:
· Frequency hopping for SIB1bis is always used at least for system bandwidth ≥ 5MHz 
· MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands depending on the system bandwidth
· narrowbands = 2 for system BW of 12-50 RBs
· narrowbands = 4 for system BW of 51-110 RBs
· Confirm the working assumption that the mentioned narrowbands are determined based on cell ID and system bandwidth 
· FFS on how to handle the case if MTC-SIB1 overlaps with PBCH
· Confirm the working assumption that the hopping sequence between these narrowbands is determined based on cell ID and subframe index (and/or SFN)
The only remaining need for use of MIB spare bits is therefore possibly to indicate whether frequency hopping is used for SIB1bis for system BWs below 5 MHz, i.e. 3 MHz and 1.4 MHz. Since no or insignificant gains are expected for f-hopping over less than the coherence bandwidth it could be beneficial not to have f-hopping for narrow system bandwidths to avoid the frequency re-tuning. But since it was agreed that only 2 OFDM symbols are needed for Rx-to-Rx retuning and since the worst CFI region will have to be assumed for SIB1bis decoding, re-tuning will have no impact on SIB1bis acquisition [12]. There can however be other drawbacks with unnecessary frequency hopping; SIB1bis frequency hopping will force other DL channels to hop which may be unwanted, and having to restart the sliding window for channel estimation upon every hop. Therefore we propose the following:
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The value for X is up to RAN1 to decide depending on the expected f-hopping gains.

SIB1bis transport block size indication
RAN2 has agreed that the “UE determines the TBS of SIB1bis based on information in MIB” [8]. Since modulation is fixed to QPSK for SIB transmission and the PRB allocation is already known, only TBS needs to be indicated. The length of the TBS indication in MIB depends on the step size and the lower and upper size limits of SIB1bis. For example, if the size of SIB1bis ranges between 100 and 1000 bits, and the step size set to 32 bits, a 5 bit TBS field is sufficient. (Note that TBS entries should be byte aligned.)

	TBS field length
	TBS step size (absolute)
	Possible SIB1bis sizes

	3 bits
	32 bits
	104-328 bits

	[bookmark: _GoBack]4 bits
	32 bits
	104-584 bits

	5 bits
	32 bits
	104-1096 bits




If very few bits are used for the TBS, e.g. 2 bits, this will give a very course granularity, a steps size of 128 bits in the range ~100-500 bits, which will lead to transmission of a high degree of padding bits and therefore the number of repetitions required could in worst case increase by 36% (see Figure 2 in [13]). Therefore since TBS can never be determined implicitly and one additional bit is a marginal cost for including future extension (such as jointly coded transmissions) we propose the following:
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Indication of available downlink subframes
Since it in [12] has been agreed that: “For subframes containing PDSCH carrying SIB1bis, the starting OFDM symbol of SIB1bis reception is a fixed value predefined in the specification. The fixed value is equal to the maximum CFI value for the given system configuration (TDD/FDD, system bandwidth)”, the CFI-region does not have to be indicated in MIB.
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 4.2)

	SIB1bis TBS
	4 bits 
	May support a 104-1096 bit TBS with various step sizes if needed. 




Conclusion
In this contribution we have discussed the MIB content for Rel-13 low complexity and/or coverage enhanced UEs. We have the following observations:

Observation 1	Coverage enhancement for SIB1bis is achieved by combining repetitions across multiple 80 ms transmission periods.
Observation 2	The SIB1bis transmission period does not have to be indicated in MIB.

Based on the discussion in section 2 we propose the following:

Proposal 1	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.
Proposal 2	Support for coverage enhancement is indicated implicitly in SIB1bis
Proposal 3	Schedule SIB1bis every 20 ms in subframe #5 for every radio frame for which SFN mod 1 = 0 to maintain a reasonable balance between system overhead and acquisition time.
Proposal 4	The duration over which the content of SIB1bis cannot change is fixed in the specification, i.e. 80 ms.
Proposal 5	No MIB spare bits are used to configure frequency hopping and frequency hopping for SIB1bis is implicitly enabled if system BW ≥ X MHz, where X is up to RAN1 to decide.
Proposal 6	Adopt a 4 bit TBS indication for SIB1bis in MIB. TBS values to be determined by RAN1.
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Appendix
[bookmark: _Ref430850744]SIB1bis size estimate
In the table below the minimum and maximum size estimates are shown for SIB1.
Table 1: Size estimate for size range of legacy SIB1 (bits).
	SIB1
	 
	 

	Information element
	Min size
	Max size

	cellAccessRelatedInfo
	72
	224

	>plmn-IdentityList (1-6)
	25
	150

	>trackingAreaCode
	16
	16

	>cellIdentity
	28
	28

	>cellBarred
	1
	1

	>intraFreqReselection
	1
	1

	>csg-Indication
	1
	1

	>csg-Identity*
	0
	27

	cellSelectionInfo
	6
	6

	>q-RxLevMin
	6
	6

	>q-RxLevMinOffset*
	0
	3

	p-Max*
	0
	6

	freqBandIndicator
	6
	6

	schedulingInfoList (1-32)
	7
	40

	tdd-Config*
	0
	7

	si-WindowLength
	3
	3

	systemInfoValueTag
	5
	5

	Total size
	99
	297


 
SIB1bis system resource overhead analysis
The below table shows the system overhead for different periodicity of the SIB1bis. In the calculations a 10 MHz system bandwidth, 3 symbol CFI and transmission over all 6 PRBs is assumed. 1 repetition would correspond to very good coverage, 30 repetitions to normal coverage according to [5], and 120 repetitions to 15 dB enhanced coverage according to [13].

[bookmark: _Ref433305092]
Table 2: SIB1bis system overhead and accumulation time.
	Nr of rep/80ms:
	System OH [%]:
	Accumulation time w. Different nr of reps:

	 
	 
	1
	30
	120

	1
	0.12
	80
	2400
	9600

	2
	0.24
	40
	1200
	4800

	4
	0.47
	20
	600
	2400

	8
	0.94
	10
	300
	1200

	16
	1.89
	5
	150
	600



[bookmark: _Ref430780374]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[footnoteRef:3]. 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.  [3:  A similar approach has been used for HS-SCCH orders in UMTS. See Clause 4.6C in TS 25.212 [3].] 

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).



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”.
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 [18]). 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 3: 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
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