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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
RAN1 sent an LS [1] to RAN2 in RAN1#79, based on which RAN2 discussed SIB transmission enhancements for MTC in RAN2#89 focusing on SIB transmission for low-complexity (LC)/enhanced coverage (EC)/normal UEs and SIB scheduling. The following agreements were achieved in RAN2#89 [2] where we highlight some sentences RAN1 could further discuss:
Agreements:
· RAN2 intends to maintain the flexibility similar to the one offered by the current SIB concept, i.e., the size of the SIBs should not be fixed. It should be possible to configure features in SIB as required by the operator while trading against achievable coverage.
· RAN2 intends to branch from SIB1, i.e., LC/EC UEs receive a separate occurrence of SIB1 and others (different time/frequency resources). The new SIB1 is common for EC and LC. FFS whether we reuse the existing SIB IEs or introduce one or more SIBs. 
· In order to efficiently support cell selection and reselection it would be desirable to transmit SIB1 information separately from other SIBs (in particular to low cost UEs in normal coverage). However, it needs to be investigated whether this is feasible in terms of overhead and total acquisition time. 
· From RAN2 point of view the scheduling information (time, frequency and MCS/TBS) allowing acquiring of “SIB1” for LC/EC UEs could e.g. be in MIB, i.e., dynamic L1 information in PDCCH is not needed. The required granularity for supported transmission formats and whether it is feasible to indicate this in MIB requires further discussion. 
· From RAN2 point of view the “SIB1” for LC/EC UEs could contain scheduling information (time, frequency and MCS/TBS) allowing acquiring subsequent SIBs without reading PDCCH. 
This paper proceeds to analyze SIB transmission enhancement based on the highlights of RAN2’s agreements focusing on scheduling/transmission. 
RAN2 intends to have LC/EC UEs receive a separate occurrence of SIB1 and others (different time / frequency resources). The scheduling and transmission of SIB1 as well as the structure of SIB1 scheduling other SIBs’ periodicities are unchanged for normal UEs, so discussion hereafter focuses on SIB1 scheduling/transmission for LC/EC UEs only and it is termed MTC-SIB1 temporarily for differentiation from SIB1 for normal UEs. 
[bookmark: _Ref415927514]Scheduling/transmission for MTC-SIB1
RAN2 agreed the new SIB1, i.e., MTC-SIB1 is common for EC and LC, so when eNB optionally supports either EC or LC some of IEs in MTC-SIB1 may be optional, which may cause variable sizes of MTC-SIB1 and should be taken into account when designing control-less scheduling [3]. 
1) Time domain resources
For FDD subframes #0, #4, #5 and #9 which are not MBSFN subframes [4] could be used for MTC-SIB1 repetitions. MTC-SIB1 for TDD could use subframes #0 and #5 which are always downlink subframes; in addition, subframes #1 (special subframe) and #6 (downlink or special subframe) can also be used [5]. Note that MTC-SIB1 if in the carrier center cannot be transmitted in the subframes used for PBCH repetitions in the same radio frame.
The CE requirement determines the number of repetitions needed, i.e., the number of subframes in terms of time domain resources including the number of radio frames, and subframes per radio frame. These will affect design of the lengths of SI-window and modification period, which is discussed in detail in [6]. 
2) Frequency domain resources
Frequency domain resources per subframe used for MTC-SIB1 transmissions include frequency location of the narrowband and the number of PRBs in the narrowband. The frequency location for MTC-SIB1 transmission could be fixed in carrier center or somewhere within system bandwidth or configurable by signaling in MIB. 
At most 6 PRBs are allocated for MTC-SIB1 and even using 6 PRBs MTC-SIB1 needs to repeat many times (the number of repetitions increases with the SIB size) for LC UEs and more for EC UEs [7]. Therefore, MTC-SIB1 transmission may take all 6 PRBs per subframe and the number of repetitions required would be determined accordingly assuming all 6 PRBs will be taken.
3) [bookmark: _Ref415927539]Scheduling indication in MIB
RAN2 intends to maintain SIB flexibility, i.e., the size of the SIBs should not be fixed, so it is not efficient in terms of resources utilization if adding padding bits into MTC-SIB1 to make a fixed TB size for DCI control-less scheduling design. Higher layer control, e.g., in MIB, for scheduling of MTC-SIB1 is worth to consider. 
In addition to QPSK and all 6 PRBs being known to be used, the scheduling information includes TB size and the frequency location if not in the carrier center. TB size determination for SIB is based on the TB size tables in TS 36.213 [8] and indexed by the TBS index. To save using the valuable spare bits in MIB, some few entries in the TBS table for SIB can be indicated by eNB and the UE can attempt decoding from that list. This should not be a demanding task given that the TBS and MTC-SIB1 contents should both be very static. An example is illustrated in Table 1 and Table 2. Two spare bits in MIB allow the eNB access to many potential TBS values for MTC-SIB1. 
[bookmark: _Ref415918153]Table 1: TBS table for SIB receiving by normal UEs (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



[bookmark: _Ref415918159]Table 2: One possible TBS table for MTC-SIB1
	

	3
	7
	11
	14

	TBS
	120
	208
	296
	392


As for the frequency location, the similar approach could be used. Predefine some possible frequency locations in specifications according to some rules and the system bandwidth and number them as in Fig. 1, so that three spare bits in MIB will be used to indicate the frequency location for MTC-SIB1. Therefore, five spare bits could semi-statically configure MTC-SIB1 transmissions for the 10MHz carrier bandwidth. 


[bookmark: _Ref415920537][bookmark: _Ref415920533]Fig. 1: Frequency locations for MTC-SIB1 transmission

Proposal 1: Possible TBS of MTC-SIB1 is indicated in MIB. If the frequency location of MTC-SIB1 is not the carrier center, then it can be indicated in MIB. The details on using the spare bits are FFS. 
Scheduling/transmission for other SIBs for LC/EC UEs
RAN2 intends to keep the flexibility of SIBs and meanwhile in order to efficiently support cell selection and reselection it would be desirable to transmit MTC-SIB1 information separately from other SIBs (in particular to low cost UEs in normal coverage). In addition to MTC-SIB1, assume SIB2, SIB14 and may be other SIBs are needed for LC/EC UEs, which are termed MTC-SIB2, MTC-SIB14, and MTC-SIBX, respectively. 
1) Time domain resources
Although the exact TDD configuration as well as the number of downlink subframes is known after decoding MTC-SIB1, MTC-SIB2 can only be transmitted in subframes #0, #1, #5 and #6 as such subframes are not MBSFN subframes for TDD if the MBSFN configuration is contained in MTC-SIB2 as in SIB2 for normal UEs; however, these subframes are probably reserved for MTC-SIB1 and/or PBCH as well. For FDD subframes #0, 4, 5, and 9 could be used for MTC-SIB2 but they may be used for MTC-SIB1 and/or PBCH as well. MTC-SIB14 and MTC-SIBX could be transmitted in any downlink subframe for both FDD and TDD. 
Note although the same subframe could be used for PBCH, MTC-SIB1, MTC-SIB2, MTC-SIB14 and MTC-SIBX as above analysis, the frequency location or the radio frame could be different. For example, all the MTC-SIBs transmissions could be TDM and the repetitions for each MTC-SIB could be centralized streamlined or interleaved with one another [6]. 
2) Frequency domain resources
Similar as MTC-SIB1, it makes sense to use all 6 PRBs for other MTC-SIBs transmissions. The frequency location could be fixed in carrier center or somewhere within system bandwidth or configurable by higher layer signaling, such as MTC-SIB1. 
3) Scheduling indication in MTC-SIB1
In order to keep the flexibility of other MTC-SIBs, similar as MTC-SIB1, it is worth to consider a DCI control-less but higher layer signaling configurable design. TBS and the frequency location for other MTC-SIBs if not in the carrier center need to be indicated in the higher layer signaling, i.e., MTC-SIB1. Considering the carrier center may be too crowded if all MTC-SIBs are located there, it is more preferable that MTC-SIB1 indicates the frequency locations of other MTC-SIBs. 
TBS and the frequency location indications could be the same as that for MTC-SIB1 as explained in Section 2-3). However, the difference is that the bits in MTC-SIB1 is not so valuable as the spare bits in MIB, so more bits in MTC-SIB1 could be used for finer TBS and frequency location indications if needed.
Proposal 2: TBS and the frequency locations of other MTC-SIBs are indicated in MTC-SIB1. FFS whether using the same indicating approach as for MTC-SIB1 or others. 
Conclusions
This contribution proceeds to discuss the scheduling and transmissions for SIB enhancement for LC/EC UEs based on the agreements achieved in RAN2 and leads to the following proposals:
Proposal 1: Possible TBS of MTC-SIB1 is indicated in MIB. If the frequency location of MTC-SIB1 is not the carrier center, then it can be indicated in MIB. The details on using the spare bits are FFS. 
Proposal 2: TBS and the frequency locations of other MTC-SIBs are indicated in MTC-SIB1. FFS whether using the same indicating approach as for MTC-SIB1 or others. 
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