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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), focusing on SIB1bis/SI scheduling. Note that the term SIB1bis is used to refer to the new SIB1 introduced for Rel-13-LC/CE UEs.
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SI window & SI periodicity
The transmission time and periodicity for SIB1bis can be fixed in the specification similar to legacy SIB1. Legacy SIB1 is sent with a periodicity of 80 ms when SFN mod 8 = 0 and is repeated when SFN mod 2 = 0. SIB1 is always sent in subframe 5 and a different redundancy version (RV = 0,1,2,3) is used for each repetition. Although SIB1 is not formally said to be transmitted within an SI window, one can still interpret the four repetitions as being sent within an 80 ms SI window. As seen in the figure below, both the SI periodicity and SI window are 80 ms long.
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Figure 1: Legacy SIB1 transmission in time domain
When it comes to achieving the required coverage enhancements, the same options that were discussed for SI messages can also be considered for SIB1bis:
A. UE performs soft combining of repetitions within a single SI window (legacy behaviour)
B. UE performs soft combining of repetitions across multiple SI windows 
In option A, the SI window length must be selected to fit the number of repetitions for the highest CE level. It is highly unlikely that rare MIB spare bits will be used to have a semi-dynamic SI window. Therefore a fixed window length must be specified which is based on the highest possible number of repetitions for coverage enhancement.
In option B, repetitions are accumulated across “SI windows” (e.g. 80 ms). For initial SI acquisition the UE would simply have to make a re-attempt in the rare event that SI is updated at that point. This is exactly the same in option A, only somewhat less probable due to the longer window length. 
To remain consistent with the approach used for SI messages, and to avoid signalling additional parameters in the MIB, or having to predict the highest possible number of repetitions required, we suggest adopting option B for SIB1bis.
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Other 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.

It has already been agreed in both RAN1 and RAN2 that TBS will be indicated in the MIB [8][10]. Currently, it appears that this is the only scheduling information that needs to be included in MIB. All other parameters are either fixed or derived based on the existing information.

Subframe pattern
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. RAN1 is currently discussing which subframe(s) to use for SIB1bis. Although RAN1 should determine the maximal number of repetitions which would be required at the highest CE-level, the solution to accumulate SIB1bis over several “SI windows” (option B) does not impose any restriction on the maximum number of repetitions. Therefore the only remaining issues for SIB1bis are the associated system overhead broadcast and any acquisition time restrictions. Both these issues are within the scope of RAN2 to decide. In Table 2 in the Appendix the system overhead and acquisition time for different broadcast periodicity of SIB1bis is given. Given that a 2400 ms acquisition time is on the same order as other transmissions at the highest CE-level, and that the system overhead is 0.47%[footnoteRef:1], we propose to broadcast SIB1bis transmissions every 20 ms as in legacy. [1:  Note that this overhead is added on top of that of legacy SIB1 why it is reasonable to keep it in the same order. ] 
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Frequency location
The working assumption in RAN1 is that the frequency location for SIB1bis is determined based on subframe index/SFN, cell id, and system bandwidth [10]. Furthermore, at least in case when the network supports enhanced coverage, frequency hopping for SIB1bis is always used [10]. From RAN2 point of view it would be preferable to always use the same frequency hopping option to avoid the need for further indication in MIB, unless there is a clear gain from doing so (i.e. hopping between a fixed number of narrowbands and frequency hopping used also for normal coverage cells). Please see the contribution on MIB for further details [14].

MCS/TBS
Since modulation is fixed to QPSK for SIB transmission and the PRB allocation is already known, only TBS needs to be indicated to the UE. 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 is 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

	4 bits
	32 bits
	104-584 bits

	5 bits
	32 bits
	104-1096 bits




The size of legacy SIB1 ranges from 99 to 297 bits (see Appendix 4.1.1). Even though some information elements may be added or extended in Rel-13 it is unlikely that the size of SIB1bis will exceed 584 bits. However, if one more bit is included to extend the range up to 1096 bits, it would allow for the possibility to include, e.g. SIB2 and SIB14 in a SI container within SIB1bis and thereby reduce the number of repetitions required to obtain the essential SI by 29% (see [11]). If on the other hand 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 if the range is ~100-500 bits, which will lead to transmission of a high degree of padding bits and therefore the number of repetitions required could in worse case increase by 36% (see Figure 2 in [11]). Based on this we conclude that TBS indication bits are more important than other possible use for MIB spare bits and propose the following:

[bookmark: _Toc430965449][bookmark: _Toc430965556][bookmark: _Toc430965566][bookmark: _Toc430973419][bookmark: _Toc430981430] Adopt a 5 bit TBS indication for SIB1bis in MIB.

[bookmark: _Ref413932016]Scheduling of other SIBs
Most of the high-level principles for SIB scheduling (other than SIB1bis) for Rel-13 LC/CE UEs have already been agreed in RAN2:
· SIB1bis contains detailed scheduling information (time, frequency and MCS/TBS) allowing acquiring subsequent SIBs without reading PDCCH [6]
· Existing concepts of SI message, SI window and SI period are re-used [7]
· Coverage enhancement is achieved by acquisition of SI messages across SI windows (provided multiple HARQ buffers/parallel accumulation is supported) [8]

In this section we look more closely at the scheduling parameters in SIB1bis.  


[bookmark: _Ref426701663]Figure 2: SI message transmission in time domain
Figure 2 serves as a reference and illustrates the case when two SI messages (SI-1 and SI-2) are broadcasted in a cell.  In this example, SI-1 is more time critical than SI-2 and is therefore transmitted twice as often. 
Note that SIB1bis is not shown in Figure 2 – we assume that it is transmitted independently of the SI messages according to some pre-defined time pattern, e.g. once every 20 ms. Since SIB1bis contains the SI scheduling parameters it must always be acquired before the SI messages.
SI window
According to the agreement to reuse existing SI concept, the length of the SI window is common for all SI messages and is defined by si-WindowLength in SIB1bis. A reasonable approach is to design to achieve a short SI acquisition time for the LC UEs in normal coverage. That could be done by ensuring that the range of SI window lengths in SIB1bis is suitable for Rel-13 LC UEs in normal coverage, Thereby the network could be configured such that the majority of Rel-13 LC UEs, which are in normal coverage, could decode the SI message by reading a single SI window. The minority of LC UEs, which require higher levels of CE, would be expected to accumulate over several windows.

[bookmark: _Toc430965450][bookmark: _Toc430965557][bookmark: _Toc430965567][bookmark: _Toc430973420][bookmark: _Toc430981431]The value range of SI window length for SI messages provided in SIB1bis is adapted to Rel-13 LC UEs in normal coverage. (i.e. allowing for decoding an SI message in a single SI window).

In [5] it is estimated that around n = 30 repetitions will be required to decode a 328 bit SI message in normal coverage when frequency hopping is used (1% BLER, SNR = -4dB, EPA 1Hz, short repetition cycle). Assuming that m=5 repetitions are sent in every radio frame, the SI window length should be set to around n/m x 10 = 30/5 x 10 = 60 ms if we follow the principle above.
Currently si-WindowLength has a value range of {1, 2, 5, 10, 15, 20, 40} ms. Since most of these values appear too short to fit the required number of repetitions, a new value range may need to be defined. Based on the calculation above a suitable value range might be e.g. {20, 40, 60, 80, 120, 160, 200} ms. There may be no need to include very large values considering that the UE is expected to combine repetitions across multiple “SI windows”. 
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SI periodicity
In the email discussion [12] RAN2 agreed “Not to extend si-Periodicity unless BCCH modification period is extended” but also that “Rel-13 LC/EC BCCH modification period needs to be extended”. See [] for discussion on modification period [15].Assuming that it would be extended, it would also be necessary to answer the question of whether or not to also extend the range of the si-Periodicity. The SI periodicity is specific for each SI message and is defined by si-Periodicity in schedulingInfoList in SIB1 and has a value range of {8, 16, 32, 64, 128, 256, 512} radio frames.  For Rel-13 LC/CE UEs some amount of repetition will be needed also for normal coverage to compensate for the lower UE capabilities. If, as suggested above, each SI window contains enough repetitions for a LC Rel-13 UE in normal coverage to decode, the legacy range of values for the si-Periodicity would therefore ensure that the acquisition time is close to that of the legacy case. However, as a means to lower the system overhead it could perhaps be meaningful to be able to extend the si-Periodicity in case the Rel-13 LC/CE BCCH modification period is extended. According to [5], a 1000 bit SI message will require 30 repetitions in normal coverage if f-hopping is used, in worst case. Having 30 repetitions inside a SI window of periodicity of 512 radio frames will give a system overhead as low as 0.06%. Therefore there is no need to extend the SI periodicity range to reduce this further. 
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Other scheduling parameters
For legacy UEs, the presence of an SI message transmission within an SI window is indicated by SI-RNTI on PDCCH, which also provides the frequency location, MCS/TBS and redundancy version (RV) of the transmission. As it has been agreed that M-PDCCH will not be used for SI message scheduling for Rel-13 LC/CE UEs, this scheduling information instead needs to be provided in SIB1bis.
Subframe pattern	 
Within the SI window, the subframes containing SI message transmissions have to be indicated to the UE. Here two options for doing so will be discussed and compared. 

Alternative 1: Indication of number of repetitions	 
To minimize the number of indication bits required in SIB1bis, it is beneficial to use periodic repetitions within the SI window. According to the findings in RAN1, it is further advantageous to spread out these repetitions as much as possible to gain from time diversity and thereby minimize the number of repetitions needed for the SI transmission. This could, for example, be done by the following equation, 



where r is the subframe in which repetitions are transmitted, m is the number of repetitions within the SI window of length w. This ensures that there is a repetition in the beginning and end of the SI window and the remaining repetitions are spread out evenly in between (see Figure 3). In this manner the total number of repetitions per SI window would be the only information that needs to be included in the scheduling information in SIB1bis (note that this is independent of the SI window length used). Further, the number of repetitions m should be SI message specific since the size of different SI messages will vary and therefore it should be possible to configure the number of repetitions accordingly.
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[bookmark: _Ref430680184]Figure 3: Illustration of distribution of SI message repetitions in SI window.

No matter how the time occasions of the repetitions are specified, potentially some of these subframes are in use for MBSFN. Since the MBSFN-configuration can be rather large, up to 240 bits, it is included in the more infrequently broadcasted SIB2. Since in legacy case the SI message containing SIB2 is dynamically scheduled within the SI window, the UE does not need to have any knowledge regarding which downlink subframes are available. A solution to this in Alt. 1 could be to include a flag in SIB1bis to indicate whether MBSFN is being used or not. If it is, the UE would have to assume the largest possible MBSFN usage for decoding the SI message containing SIB2, where it can be seen which subframes are actually being used for MBSFN. The equation above could still apply but repetitions falling on MBSFN subframes would simply not be considered, hence reducing the actual number of repetitions from the actual one, or in some way move them to the closest adjacent subframe.

Alternative 2: Bitmap indication	 
 As a much more flexible alternative, a 10 bit bitmap, representing the subframes in one radio frame, can be used to indicate the subframes in which repetitions are transmitted. Since further frequency diversity gains can be obtained by separating repetitions even more than 10 ms [13], 2 bits can be used to indicate the subset of radio frames in which the repetitions are sent. For example, repetitions can be sent only in radio frames for which SFN mod(k) = 0, where k = {1,2,3,4}. The overall operation is exemplified in Figure 4.
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[bookmark: _Ref430853728]Figure 4: Illustration of SI message subframe determination from bitmap.

This solution obviously requires more bits to be signalled in SIB1bis, especially since scheduling should be SI message specific. However since the available downlink subframes are common, the same subframe bitmap could be used for all SI messages and only the radio frame index bits k made SI message specific. Alternatively, some pre-configuration could be specified and only very few index bits would be included in SIB1bis to indicate which configuration is currently in use.

	Solution
	Pros
	Cons

	Subframe bitmap
	Flexible solution which can also take e.g. MBSFN into account.
	Larger signalling load 
Inefficient for SI windows shorter than a radio frame.

	Number of repetitions.
	Small signalling load (m)
	Restricted scheduling for SI message containing SIB2 in case MBSFN is used.




[bookmark: _Toc430965453][bookmark: _Toc430965560][bookmark: _Toc430965570][bookmark: _Toc430973423][bookmark: _Toc430981434]Add a subframe bitmap to the schedulingInfoList in SIB1bis to indicate the time resources for SI message repetitions.

Frequency location 
The frequency location can be specified by providing the narrowband index (i.e. the index of the set of 6 PRBs). Similar to the subframe pattern, the frequency location should be SI message specific. Preferably frequency hopping can be enabled/disabled and is best handled via a common parameter for all SI messages. Given that 20 MHz is the largest configurable system bandwidth this can contain up to 18 narrowbands which would therefore require 5 bits to indicate (4 bits if 16 narrowbands is sufficient since all non-LC/CE UEs can be scheduled on the remaining resources). In summary, 4-5 bits would be required per SI message to indicate the narrowband used and further 1 common bit to indicate the use of frequency hopping.

Resource allocation 
In legacy DCI format 1A and 1C, which are used for SI broadcast, the resource allocation is specified such that the UE knows which PRBs it should consider for decoding. For Rel-13 LC/CE UEs this would only apply if the SI message were to be transmitted in less than 6 PRBs. Given that, even for normal coverage, up to 30 repetitions may be required it is however not meaningful to do so. Therefore only the narrowband in which the SI message is to be transmitted in, need to be indicated.
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MCS/TBS
Since modulation is fixed to QPSK and the PRB allocation is already known, only the TBS needs to be indicated to the UE. The TBS is SI message specific and can, for example, be represented by an index pointing to an entry in a TBS table.
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Redundancy Version (RV)
The RV of each transmission can be pre-defined and calculated according to some fixed formula (similar as when SIB1 is scheduled using DCI format 1C).

Conclusion
In this contribution we have discussed the SI design for Rel-13 low complexity and/or coverage enhanced UEs. In section 2 we made the following observations:

Observation 1	Legacy SIB1 uses an “SI periodicity” and “SI window” which are both set to 80 ms.

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

Proposal 1	Coverage enhancement for SIB1bis is achieved by combining repetitions across multiple legacy 80 ms “SI windows”.
Proposal 2	Broadcast SIB1bis every 20 ms to maintain a reasonable balance between system overhead and acquisition time.
Proposal 3	Adopt a 5 bit TBS indication for SIB1bis in MIB.
Proposal 4	The value range of SI window length for SI messages provided in SIB1bis is adapted to Rel-13 LC UEs in normal coverage. (i.e. allowing for decoding an SI message in a single SI window).
Proposal 5	A new value range of si-WindowLength is defined for Rel-13 LC/CE UEs. A suitable value range might be e.g. {20, 40, 60, 80, 120, 160, 200} ms.
Proposal 6	The existing value range for the si-Periodicity is used for Rel-13 LC/CE, i.e. {8, 16, 32, 64, 128, 256, 512} radio frames.
Proposal 7	Add a subframe bitmap to the schedulingInfoList in SIB1bis to indicate the time resources for SI message repetitions.
Proposal 8	A Rel-13 LC/CE UE shall receive an SI message over 6 PRBs.
Proposal 9	Narrowband (4 bits) and f-hopping (1 bit) for SI messages are indicated in schedulingInfoList.
Proposal 10	Add TBS indication per SI message to the schedulingInfoList.
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Appendix
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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 [11].
[bookmark: _Ref430101063]Table 2: SIB1bis system overhead and accumulation time.
	Periodicity [ms]:
	System OH [%]:
	 
Accumulation time w. Different nr of reps [ms]:

	 
	 
	1
	30
	120

	20
	0.47
	20
	600
	2400

	10
	0.94
	10
	300
	1200

	5
	1.89
	5
	150
	600

	4
	2.36
	4
	120
	480

	2
	4.71
	2
	60
	240




Transport block size for single layer of spatial multiplexing
Table 7.1.7.2.1-1: Transport block size table (dimension 27×110)
	

	


	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344

	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872

	6
	328
	176
	256
	392
	504
	600
	712
	808
	936
	1032

	7
	104
	224
	328
	472
	584
	712
	840
	968
	1096
	1224

	8
	120
	256
	392
	536
	680
	808
	968
	1096
	1256
	1384

	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544

	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736

	11
	176
	376
	584
	776
	1000
	1192
	1384
	1608
	1800
	2024

	12
	208
	440
	680
	904
	1128
	1352
	1608
	1800
	2024
	2280

	13
	224
	488
	744
	1000
	1256
	1544
	1800
	2024
	2280
	2536

	14
	256
	552
	840
	1128
	1416
	1736
	1992
	2280
	2600
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2152
	2472
	2728
	3112

	16
	328
	632
	968
	1288
	1608
	1928
	2280
	2600
	2984
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2536
	2856
	3240
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	2792
	3112
	3624
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	2984
	3496
	3880
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3240
	3752
	4136
	4584

	21
	488
	1000
	1480
	1992
	2472
	2984
	3496
	4008
	4584
	4968

	22
	520
	1064
	1608
	2152
	2664
	3240
	3752
	4264
	4776
	5352
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