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1
Introduction
In RAN1#79, RAN1 recommended that RAN2 consider introducing new SIB(s) for Rel-13 low complexity UEs in normal and enhanced coverage. In RAN2#89, it was agreed that –

· 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. 

· 
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.
In this contribution, we discuss SIB transmission for Rel-13 low-complexity UE and/or UE in enhanced coverage.
2
SIB Transmission
In this contribution, we will use the terminology M-SIB to distinguish SIB for Rel-13 LC-MTC UEs and UEs in enhanced coverage from legacy SIB. For M-SIB scheduling information, the following fields are needed – time-frequency allocation, resource block assignment, MCS/TBS, and frequency hopping (if supported). Modulation is always fixed to QPSK. Based on RAN2 agreements, the SIB design principles can be summarized as follow –
· Rel-13 LC-MTC UEs and UEs in enhanced coverage will receive a separate occurrence of common M-SIB1 and other M-SIBs (if defined). 

· M-SIB design should be flexible (i.e., the size of the M-SIBs should not be fixed). It should be possible to configure features in M-SIB as required by the operator while trading against achievable coverage. 

· 
The scheduling information (time, frequency and MCS/TBS) for M-SIB1 could e.g. be in MIB, i.e., dynamic L1 information in PDCCH is not needed. If there will be more than one M-SIB, M-SIB1 could contain scheduling information (time, frequency and MCS/TBS) allowing acquiring subsequent M-SIBs without reading PDCCH.
· For a given M-SIB size, it is more efficient to use a single M-SIB compared to splitting the information to multiple M-SIBs.
· It is expected that a single M-SIB will be transmitted in the system band eventhough there may be multiple MTC subbands. The motivation for this is that M-SIB needs to be receievd and updated rarely. Thus, it is easy for the UE to fetch the M-SIB from any subband.
Currently, dynamic L1 scheduling is used to specify the time, resource block allocation, and MCS/TBS for SIBs. For M-SIBs, however, the overhead associated with this dynamic scheduling can be very high while the information is unlikely to change (e.g. TBS will be semi-static to allow combining over many transmissions). Therefore, there is no need to use dynamic L1 scheduling for M-SIBs. Instead, scheduling information is given in MIB for M-SIB1, and in M-SIB1 for other M-SIBs as noted by RAN2.
Proposal 1: Dynamic L1 scheduling is not needed for M-SIBs. Instead, scheduling information is given in MIB for M-SIB1, and in M-SIB1 for other M-SIBs.
Time Assignment
Based on SIB performance results presented in [1], it is seen that a large number of repetition would be required to transmit new M-SIBs for LC-MTC UE. For example, up to 480 transmissions would be required to achieve 1% BLER for SIB size of 328 bits and SNR of -14.2 dB (corresponding to MCL of 155.7 dB). This could be made smaller with frequency hopping and by increasing the number subframes used in cross-subframe channel estimation. Nonetheless, the number of transmissions would still be significant. One approach to minimize this impact is to trade-off acquisition time with overhead. That is, M-SIBs may be transmitted periodically like the PBCH, allowing the UE to accumulate multiple transmissions as needed over time as shown in Figure 1. UEs in enhanced coverage would take longer to acquire the SI, with the acquisition time proportional to the required coverage enhancement.
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Figure 1. Periodic SI transmission.

A simple predefined periodicity could enable the UE to determine the occurrence of the other SI messages, therefore could simplify the reception of SI message. Because the UE is able to understand exactly at which subframe the SI message is transmitted over PDSCH, the implementation complexity for combining the various repetitions of each SI-messages could be lower as a consequence. Furthermore, this will allow some time diversity gain as well. For M-SIB1, the period can be defined in the specification similar to SIB1 transmission. For other M-SIBs, the periods can be provided in M-SIB1 as part of the scheduling information for other M-SIBs.
Proposal 2: M-SIBs are transmitted periodically with the time assignment fixed for M-SIB1 and given in M-SIB1 for other M-SIBs.
Resource Block Assignment
In regard to the number of PRBs used for M-SIBs, the simple approach would be to always use 6 PRBs. This would eliminate the need to signal the number of assigned PRBs. Even for LC-MTC UEs that are not in enhanced coverage, results from [2] show that up to 16 repetitions would be required to reach 1% BLER at SNR of -4dB and M-SIB size of 152 bits. Therefore, it at least 6 PRBs will always be used for M-SIB. Fixing the number of assigned PRB to 6 will also provide the maximum possible coding gain and minimize the M-SIB acquisition time by the UE. Therefore, it is proposed that M-SIBs are always transmitted using 6 PRBs.
Proposal 3: The number of resource blocks used for M-SIB transmission is fixed to 6 PRBs.
Since the number of resource blocks for each M-SIB transmission is fixed to 6 PRBs, only the starting PRB location need to be determined. One option is to fix the SI message transmission to a specific narrowband region, e.g. the middle 6PRBs or indicated by M-SIB1 for simplicity. This eases the UE implementation and requires minimum scheduling information to be carried in M-SIB1, i.e. no any frequency allocation information or only few bits are needed to indicate the fixed frequency domain. 
Proposal 4: The starting PRB for M-SIB1 is fixed. The starting PRBs for other M-SIBs are given in M-SIB1.
For unicast PDSCH transmission to coverage enhanced UEs, frequency hopping can be supported. Figure 2 shows PDSCH performance with hopping using multi-subframe channel estimation. At the 1% BLER point, there is a gain of up to 1 dB. This may result in up to 25% reduction in the number of required repetitions. Thus, it would be beneficial to support frequency hopping for M-SIB transmission as well. However, the agreed frequency hopping approach for unicast traffic (i.e. PRB position is the same during at least X subframes and frequency location should be switched every Y consecutive subframes) may not be appropriate here. A simple predefined frequency hopping pattern may be sufficient. In this case, a frequency hopping flag can be introduced together with a predefined pattern.
Proposal 5: Frequency hopping can be supported for M-SIB transmission - FFS frequency hopping pattern.
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Figure 2. PDSCH performance with hopping - MCS5, 6 PRBs – 2Tx-1Rx.

MCS (TBS)
Table 1 provides possible SIB TBS sizes when DCI Format 1C is used for scheduling SIB transmission. Since for M-SIB, the maximum TBS is approximately 1000 bits, only 24 entries from Table 1are valid, requiring 5 bits to signal. If the entries can be further reduced, then only 3 or 4 bits would be required to signal the TBS entry for M-SIB(s). For example, it may not be necessary to support both 328 and 336 sizes. Reducing the number of entries will reduce the associated downlink control signaling and help improve performance. However, this is not expected to improve performance significantly as 2-3 bits would still be required to signal the TBS. 

Proposal 6: A reduced TBS table can be used for M-SIBs.
Table 1. TBS Table for DCI 1C.
	I_TBS
	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

	I_TBS
	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


Table 2 summarizes the scheduling information needed for the M-SIBs together with the signaling methods. 

Table 2. M-SIB scheduling information.
	Scheduling Info
	M-SIB1
	Other M-SIBs

	Time assignment
	Fixed in specification
	Provided in M-SIB1

	Starting PRB assignment
	
	

	Number of PRBs
	6 (fixed)

	TBS
	Provided in MIB
	Provided in M-SIB1

	Frequency Hopping Flag
	
	


3
Conclusion
In this contribution, we consider SIB transmission and scheduling and make the following proposals –

Proposal 1: Dynamic L1 scheduling is not needed for M-SIBs. Instead, scheduling information is given in MIB for M-SIB1, and in M-SIB1 for other M-SIBs.
Proposal 2: M-SIBs are transmitted periodically with the time assignment fixed for M-SIB1 and given in M-SIB1 for other M-SIBs.
Proposal 3: The number of resource blocks used for M-SIB transmission is fixed to 6 PRBs.
Proposal 4: The starting PRB for M-SIB1 is fixed. The starting PRBs for other M-SIBs are given in M-SIB1.
Proposal 5: Frequency hopping can be supported for M-SIB transmission - FFS frequency hopping pattern.
Proposal 6: A reduced TBS table can be used for M-SIBs.
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