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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 design of SIB1bis for Rel-13 low-complexity and coverage enhanced UEs (Rel-13 LC/CE UEs).
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Most of the high-level principles for SIB scheduling (other than SIB1bis) for Rel-13 LC/CE UEs have already been agreed in RAN2:
· 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  [8].
Further, the following was later agreed [10]:
· A new value range of si-WindowLength is defined for Rel-13 LC/CE UEs.
· Value range is {20, 40, 60, 80, 120, 160, 200} ms.
· FFS if larger values might be needed for TDD.
· 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.
· Larger values than 512 are FFS. si-Periodicity cannot be configured to be less than the SIB1bis periodicity.
· RAN2 confirm the current approach where SI windows do not overlap
· Narrowband region (4bit), f-hopping (1bit), and TBS for SI messages are indicated in schedulingInfoList.
· RAN2 assumption, for RAN1 to confirm: An IDLE UE mode UE can be notified of a ETWS/CMAS update and/or EAB update (in addition to system info change) using the control channel (M-PDCCH) in the legacy paging occasions. 
Since there have been agreements for the si-WindowLength and the si-Periodicty and the frequency position and hopping, the only remaining open issues for SI-message scheduling are which subframes should be used for the SI-message repetitions, the number of bits used for the TBS selection, and the resource allocation. These parameters will be added to the SchedulingInfoList.

Repetition subframes	 
Within the SI window, the subframes containing SI message transmissions have to be indicated to the UE. In the outcome from the RAN1 email-discussion of approved RRC parameters for L1 configuration it has been agreed to have an optional bitmap to point out the available DL subframes [17]. The length of the bitmap is proposed to be 6, 10, 24 or 40 bits but no agreements have been made yet. 
The most efficient way to point out the subframes in which the repetitions of SI message will be sent will depend on whether this optional bitmap is included in SIB1bis or not. That is, if a bitmap of available DL subframes is already present in SIB1bis it is inefficient to include a full bitmap also for indicating the repetitions for SI messages.


[bookmark: _Toc434607502][bookmark: _Toc434621016]If present, make use of the bitmap of available DL subframes in SIB1bis for determining the SI message subframes.


Bitmap of available DL subframes provided in SIB1bis:

Since the full MBSFN configuration would be required for the UE to determine all the available DL subframes, what will be included in SIB1bis will most likely only be an intermediate indication of a subset of all the available DL subframes. This since the full MBSFN-configuration contained in SIB2 can be up to 240 bits. MBSFN subframes can be repeated every 32nd radio frame (i.e. every 320 ms) and cannot therefore be covered by 40 bits or less.  
When such an indication of available DL subframes is present in SIB1bis there are two options for indicating in which subframes the SI message repetitions will be transmitted:

1. Include explicit bitmap 
2. Indicate the number of repetitions and use an implicit mapping

The explicit bitmap in option 1 would have to be at least 10 bits. (This since the 6 bit bitmap discussed in RAN1 relies on the fact the MBSFN subframes are only sent in up to 6 subframes (FDD) and the 4 remaining can be assumed to always be available DL subframes. Therefore 6 would not be sufficient for pointing out the SI message repetitions since these can occur also in the 4 non-MBSFN subframes). This means that quite a lot of bits would have to be added to SIB1bis since this is at least 10 bits per scheduled SI message and further the 6 to 40 bit indication of available DL subframes is added on top.
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[bookmark: _Ref434597890]Figure 1: Illustration of subframe indication for SI message repetitions.
In option 2, only the number of repetitions per radio frame m could be indicated to minimize the number of bits that has to be added to SIB1bis. As illustrated in Figure 1 various alternatives are possible for mapping to m repetitions to subframes: 1) simply put repetitions in the first m available subframes, 2) distribute the repetitions evenly over the available DL subframes, 3) distribute the repetitions over all 10 subframes and move repetitions falling on non-available subframes to the first available subframe, etc.
(The same procedure could of course be extended to a 24 bit or 40 bit bitmap for the available DL subframes spanning over 4 radio frames).  In order to maintain a small SIB1bis size for coverage enhancements we therefore propose to go for option 2:


[bookmark: _Toc434607503][bookmark: _Toc434621017]If a bitmap of available DL subframes is present in SIB1bis, the UE shall determine the SI message subframes implicitly from the number of repetitions provided in the SchedulingInfoList.

The number of repetitions would be implicitly mapped to subframes in one radio frame if the available DL subframe bitmap has length 6 or 10, and to four radio frames if it has length 24 or 40 bits. Note however that the two longer bitmaps would be a waste for si-WindowLength shorter than 40 ms. 


Bitmap of available DL subframes NOT provided in SIB1bis:

When the available subframes are not indicated in SIB1bis similar options are available, an explicit bitmap or an implicit determination from the number of repetitions. However, since the available DL subframes are unknown the UE would in the implicit case have to assume the worst MBSFN-configuration at least for the decoding of the SI message containing SIB2 and the full MBSFN-configuration. For example, the SI message containing SIB2 would have to be scheduled in #0, #4, #5, #9 in the FDD case. Therefore we propose the following:
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Resource allocation 
In legacy DCI formats 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 low complexity UEs in normal coverage a small amount of repetitions may be required, it is however not meaningful to schedule SI messages in less than 6 PRBs. This has already been agreed in RAN1 “The number of resource blocks used for MTC SIB transmission is fixed to 6 PRBs” [11]. Therefore, only the narrowband in which the SI message is to be transmitted needs to be indicated in schedulingInfoList. It has in RAN2 further been agreed to use 4 bits for such an indication: “Narrowband region (4bit), f-hopping (1bit), and TBS for SI messages are indicated in schedulingInfoList. (TBS sizes are TBD).”

Redundancy Version (RV)
[bookmark: _GoBack]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 SIB1bis content for Rel-13 low complexity and/or coverage enhanced UEs. Based on the discussion in section 2 we propose the following:

Proposal 1	If present, make use of the bitmap of available DL subframes in SIB1bis for determining the SI message subframes.
Proposal 2	If a bitmap of available DL subframes is present in SIB1bis, the UE shall determine the SI message subframes implicitly from the number of repetitions provided in the SchedulingInfoList.
Proposal 3	If a bitmap of available DL subframes is NOT present in SIB1bis, the UE shall determine the SI message subframes explicitly from a bitmap of length 10 provided in the SchedulingInfoList.
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Appendix
Further details on subframe indication for SIB1bis
This section contains further details on the subframe indication for SIB1bis when available DL subframe bitmap is not present in SIB1bis.
Option 1: Indication of number of repetitions	 
To minimize the number of indication bits required in SIB1bis, it is beneficial to use an implicit mapping of the repetitions to subframes 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 Opt. 1 would be that the UE would always assume the worst MBSFN configuration for the initial decoding of the SI message containing SIB2. After obtaining the MBSFN configuration the UE would know the exact set of available DL subframes for the decoding of all other SI messages. A further optimiazation could be to include a flag in SIB1bis to indicate whether MBSFN is being used or not. 
Option 2: Bitmap indication	 
As a much more flexible alternative, e.g. 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 [14], 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.

Note that the 6 bit bitmap discussed in RAN1 relies on the fact the MBSFN subframes are only sent in up to 6 subframes (FDD) and the 4 remaining can be assumed to always be available DL subframes. Therefore 6 and 24 bitmaps would not be sufficient for pointing out the SI message repetitions since these can occur also in the 4 non-MBSFN subframes.

	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.
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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

	23
	552
	1128
	1736
	2280
	2856
	3496
	4008
	4584
	5160
	5736

	24
	584
	1192
	1800
	2408
	2984
	3624
	4264
	4968
	5544
	5992

	25
	616
	1256
	1864
	2536
	3112
	3752
	4392
	5160
	5736
	6200

	26
	712
	1480
	2216
	2984
	3752
	4392
	5160
	5992
	6712
	7480



Table 7.1.7.2.3-1: Transport Block Size (TBS) table for DCI format 1C
	

	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	TBS
	40
	56
	72
	120
	136
	144
	176
	208
	224
	256
	280
	296
	328
	336
	392
	488

	

	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31

	TBS
	552
	600
	632
	696
	776
	840
	904
	1000
	1064
	1128
	1224
	1288
	1384
	1480
	1608
	1736
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