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1 Introduction
RAN2 further discussed the MTC-SIB design for Rel-13 low complexity UEs and UEs in enhanced coverage at RAN2#89bis, and the following agreements were made:
Agreements at RAN2#89bis:
· Independent information in MIB to determine if a cell supports Rel-13 low complexity UE category and Rel-13 enhanced coverage (EC) functionality. 
· We apply the current SI message concept to EC/LC, i.e., one or more SIBs can be multiplexed into an SI message
· As baseline the UE accumulates SI messages from a single extended SI window (legacy behaviour). 
Can evaluate whether acquisition of SI messages across multiple SI window (interleaved) and interleaved SI messages decoding is feasible. 
· The transmission occasions within a SI Window are provided in SIB1.
· The BCCH modification period used for the LC/EC SIBs is configured separately from the configured legacy BCCH modification period. However, the former shall be a multiple of the latter. 
Moreover, the following agreements on MTC-SIB design for Rel-13 low complexity UEs and UEs in enhanced coverage were made at RAN1#80bis:

Agreements at RAN1#80bis:
· Scheduling information for “MTC SIB1” (time, frequency and MCS/TBS) is derived from PCID and/or MIB and/or fixed/predefined in spec

· FFS: Impacts of MBSFN subframes, TDD configuration and PBCH repetition on possible time resources for “MTC SIB1”

· Scheduling information for subsequent “MTC SIs” (time, frequency and MCS/TBS) is derived from “MTC SIB1” and/or fixed/predefined in spec

In this contribution, we will continue the discussion on remain open issues on MTC SIBs from RAN2 perspective.
2 Discussion
2.1 Scheduling of MTC-SIB1
2.1.1 Scheduling periodicity of MTC-SIB1 

In LS [1], RAN1 provided some additional SIB performance evaluation on Rel-13 low complexity MTC, and the result shows that the required number of repetitions can be very high in order to achieve15 dB coverage enhancement. In case of “discontinuous” repetition, with the SIB transmitted every 20 ms, 100-209 repetitions are required for receiving a TB of 328 bits with 1% BLER. In case of “continuous” repetition, with the SIB transmitted more frequently, 300-365 repetitions are required for receiving a TB of 328 bits with 1% BLER.
In the current specification, the normal SIB1 uses a fixed schedule with a periodicity of 80 ms and repetitions made within 80 ms, i.e. there are 1 first transmission and 3 repetitions within 80 ms. For MTC-SIB1, it is apparent that the scheduling periodicity needs to be extended in order to allow sufficient number of repetitions. For FDD, subframes #0, #4, #5 and #9 which are not MBSFN subframes could be used for MTC-SIB1 transmissions. For TDD, MTC-SIB1 could use subframes #0 and #5 which are always downlink subframes. In addition, subframes #1 (special subframe) and #6 (downlink or special subframe) can be used for MTC-SIB1 transmissions as well by assuming subframe #6 is a special subframe and by assuming a default special subframe configuration. Assuming 4 subframes per radio frames are used for MTC-SIB1 transmissions, the MTC-SIB1 scheduling periodicity needs to be increased to 500ms in order to provide 200 repetitions for 15 dB coverage enhancement. If the MTC-SIB1 is of a smaller size (e.g. due to the short plmn-IdentityList in case RAN sharing is not configured, or due to the short SchedulingInfoList in case only few MTC-SIBs are scheduled), or if the system only needs to support a moderate coverage enhancement (e.g. 5 dB), then less number of repetitions hence shorter scheduling periodicity is required for the MTC-SIB1.
If we specify a fixed scheduling periodicity as today for MTC-SIB1, then the length of the scheduling periodicity must be able to provide sufficient number of repetitions for the worst situation, i.e. the MTC-SIB1 is of the maximum size and requires the maximum level of coverage enhancement. With such a long MTC-SIB1 scheduling periodicity, the eNB will be unable to quickly change some of the parameters in MTC-SIB1(e.g. quickly bar the cell), in case the size of MTC-SIB1 is small and/or the system only needs to support a moderate coverage enhancement level (e.g. 5 dB). It is desirable to allow a flexible MTC-SIB1 scheduling periodicity, which could be configured by the eNB in MIB. The exact frequency/time domain resources that could be used for MTC-SIB1 transmissions could be left to RAN1 to decide. 
Proposal 1: The scheduling periodicity of MTC-SIB1 is configurable by MIB. The exact frequency/time domain resources that could be used for MTC-SIB1 transmission are left to RAN1 to decide.
2.1.2 TBS for MTC-SIB1 

In RAN2#89, for Rel-13 MTC-SIBs, RAN2 agreed to maintain a good flexibility and forward compatibility similar to the one offered by the current system information mechanism, and it should be possible to configure features in system information as required by the operators. This implies that the size of MTC-SIB1 will vary in different networks according the real configurations. RAN2#89 also agreed to allow acquiring MTC-SIB1 without reading PDCCH. This means, the scheduling information (i.e. time, frequency and MCS/TBS) for MTC-SIB1 needs to be configured in MIB or be fixed or be predefined in specification. 
Table 1: TBS table for DCI format 1C (copy from TS36.213)
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	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
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	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 1 is the TBS table for DCI formant 1C as specified in TS36.213, which could be used for SIB1 transmission. Some of the TBS entries in Table 1 are not applicable for MTC-SIB1 anymore, because they are either larger than 1000bits or too small for MTC-SIB1. The content of MTC-SIB1 is still under email discussion (i.e. [89bis#24][LTE/MTCe2] SIB Contents), and at the moment we assume the maximum size of MTC-SIB1 is 904 bits and the minimum size of MTC-SIB1 is 120 bits (i.e. there are still 20 TBS entries left). For the TBS for MTC-SIB1, RAN2 can discuss and select one from the following 3 options. NOTE: for MTC-SIB1 transmission using DCI formant 1A, the analysis is similar.

Option 1: Explicit TBS indication + Best TBS granularity. With this option, the existing TBS table is applied to MTC-SIB1, and eNB will utilize 5 spare bits in MIB to indicate the TBS for MTC-SIB1. 

Option 2: Explicit TBS indication + Reasonable TBS granularity. With this option, only some entries (e.g. 4) in the existing TBS table are selected for MTC-SIB1 (Table 2 gives an example), consequently fewer spare bits in MIB will be occupied in order to indicate the TBS for MTC-SIB1. 
Table 2: Example TBS table for Option 2
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	0
	1
	2
	3

	TBS
	120
	328
	632
	904


Option 3: Implicit TBS indication. With this option, UE will deduce the TBS according to the “Repetition number” that configured in MIB. We assume that in any case the eNB needs to configure the exact frequency/time domain resources as well as the “Repetition number” for the UE, otherwise the UE doesn’t know how to perform the MTC-SIB 1 reception.

The drawback of option 1 is that it occupies too many precious spare bits in MIB, which will limit the future extensibility of MIB. For option 2, the problem is the unnecessary increased padding. In LS [1], RAN1 provided some additional SIB performance evaluation on Rel-13 low complexity MTC, and it could be observed that the number of repetitions is very sensitive to the TBS. Option 2 is not a good choice, as the unnecessary increased TBS due to padding will significantly increase the number of repetitions for the MTC-SIB1 transmission.
To meet the coverage enhancement target, it is very likely that every MTC-SIB1 transmission will occupy all the 6 PRBs and the modulation scheme will be fixed to QPSK. This means, the TBS for MTC-SIB1 transmission and the “Repetition number” for MTC-SIB1 transmission will be directly linked, and it will be very easy to deduce one from another. Option 3 seems quite promising, as it will not occupy any spare bits in MIB. 
Proposal 2: UE deduces the TBS for MTC-SIB1 according to the configured “Repetition number” for MTC-SIB1 transmission.

2.2 Scheduling of MTC SI messages
For the SI message transmission for Rel-13 low complexity MTC, a high number of repetitions are required in order to achieve the desired amount of coverage enhancement. As discussed in RAN2#89bis, there are two possible options, as shown in Figure 1.
Option 1: streamlined SI messages. The maximum SI-window length will be increased, so that sufficient number of repetitions is provided within each SI-window.
Option 2: interleaved SI messages. It is not necessary to increase the SI-window length to provide more repetition opportunities within each SI-window. Instead, UE combines the SI repetitions across several SI windows until the SI message is successfully decoded.
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Figure 1: SI message transmission alternatives for MTC
At RAN2#89bis, RAN2 adopted option 1 as the baseline because it is the legacy behavior. RAN2 also agreed to further evaluate whether option 2 is feasible.

For option 2, the main advantage is that the overall system information acquisition time will be shorter for Rel-13 low complexity UEs in normal coverage. However, if a Rel-13 low complexity UE is not equipped with multiple HARQ buffers to store the interleaved SI messages, the UE has to read different SI messages subsequently. In this case, if the Rel-13 low complexity UE is in relative bad coverage, the overall system information acquisition time might be even longer, e.g. possibly across multiple BCCH modification periods. Considering the low complexity nature of Rel-13 MTC, support of multiple HARQ buffers for SI message reception is not a good idea.
Observation: Support of multiple HARQ buffers for SI message reception deviates from the intention of low complexity.
Nevertheless, it is still worth to consider option 2 with single HARQ buffer for SI message reception. As we know, one major use case for coverage enhancement is for the meters located in basement, for which the running application is quite delay tolerant. It is acceptable even if the meters take a longer time to acquire the system information. On the other hand, most of the MTC devices will be in normal coverage, and some of the them, e.g. e.g. wearable electronics and e-health, might be time sensitive, and it is important to reduce the system information acquisition time for them. 
Proposal 3: Different SI messages for MTC might be interleaved within one BCCH modification period, and the UE is not required to support multiple HARQ buffers for SI message reception.
3 Conclusion

In this contribution, we discussed the remain open issues on MTC-SIBs, and we have the following proposals:
Proposal 1: The scheduling periodicity of MTC-SIB1 is configurable by MIB. The exact frequency/time domain resources that could be used for MTC-SIB1 transmission are left to RAN1 to decide.
Proposal 2: UE deduces the TBS for MTC-SIB1 according to the configured “Repetition number” for MTC-SIB1 transmission.

Proposal 3: Different SI messages for MTC might be interleaved within one BCCH modification period, and the UE is not required to support multiple HARQ buffers for SI message reception.
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