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Discussion and decision
1 Introduction
According to RAN1 LS [1], it is currently RAN1 working assumption that “the legacy PBCH with additional repetitions will be utilized by Rel-13 low complexity UEs and UEs operating CE”. This means that Rel-13 MTC UEs shall be able to perform soft combining of the legacy PBCH and its repetitions to improve reception coverage. In addition, the need for further utilizing the spare bits in MIB to include new information for Rel-13 MTC is under further study.  

There are currently 10 spare bits in MIB which can be utilized to convey additional information for Rel-13 MTC operation. Due to the limited number of bits, they should not be used lightly without careful consideration. In this contribution, we present our views on the potential use of the spare bits of MIB for Rel-13 MTC.
2 MIB for Rel-13 MTC
2.1 Coverage enhancement (CE) level
According to [1][2], there are 3 possible CE levels (excluding “zero coverage extension”). It should be a network choice on the maximum CE level supported by the network. The CE level determines the number of repetitions the UE should assume for reception, including for SIB(s) reception. Simply assuming the maximum CE level for SIB(s) reception may not be desirable considering that the number of repetitions (resource overhead) for the maximum CE level can be very high compared to the other CE level (It is mentioned in [3] that for supporting SNR=14.3dB, 150 repetitions are required for SIB size of 328 bits, but for SNR=-4dB, only 16-32 repetitions are required for the same SIB size (overhead difference of ~4.7 to 9.4 times). 
In addition, if the UE is informed about the CE level, the UE can avoid the need to attempt multiple hypotheses in receiving SIB(s), which can significantly simplify UE complexity and save UE power consumption, which is more crucial for Rel-13 low complexity UEs that can be only battery powered.
Therefore, it seems beneficial that the CE level supported by the cell is signaled using the spare bits in MIB. As there are 4 CE levels including no coverage enhancement, 2 bits of the MIB spare bits can be used. 
Observation 1: It is beneficial in terms of network resource overhead and UE complexity for MTC SIB(s) reception that the CE level supported by the cell is indicated in MIB.

Proposal 1: Two MIB spare bits can be used to indicate the 4 different CE levels, including no CE.
2.2 Network capability to support reduced bandwidth (RBW) operation
The objective of Rel-13 MTC WI is to specify CE features for two kinds of UEs, namely the Rel-13 low complexity UEs and the normal UEs capable of CE operation. One of the key differences between the two kinds of UEs is that the Rel-13 low complexity UEs can only support RBW of 1.4MHz in downlink and uplink, whereas the normal UEs capable of CE can still receive up to 20MHz bandwidth. 
In general, the network can be selective in the features it supports. Table 1 below summarizes the possible network capabilities for Rel-13 MTC.

Table 1: Possible network capabilities for Rel-13 MTC
	Support RBW operation
	Support CE

	No
	No

	No
	Yes

	Yes
	No

	Yes
	Yes


From the UE’s perspective, it is desirable for a Rel-13 low complexity UE to identify as early as possible that a cell doesn’t support RBW operation, so that it can select a different cell for camping. Otherwise, the Rel-13 low complexity UE may spend unnecessary time and power trying to receive system information with RBW, only to find out that it is not able to acquire it after a long time. 
Therefore, it seems beneficial that network capability of RBW operation is indicated in MIB, using one of the spare bits. Note that there is no issue receiving MIB with RBW since it is always limited to the centre 6 PRBs of the system bandwidth according to [4]. Note also that explicit bit to indicate network support for CE operation is not necessary since it can be implicitly indicated with the 2-bit CE level indication discussed in Sec 2.1.
Observation 2: Indicating whether the network supports RBW operation or not can reduce initial cell access latency and reduce UE power consumption for Rel-13 low complexity UEs.

Proposal 2: One MIB spare bit can be used to indicate the network capability of supporting RBW operation.
2.3 Scheduling information for MTC SIB1 acquisition
It was agreed in the last meeting to consider including scheduling information (time, frequency and MCS/TBS) for MTC SIB1 acquisition in MIB. One of the motivations was to avoid the need for dynamic L1 information in EPDCCH. However, the number of repetitions required for EPDCCH is small due to the small DCI size. In our view, using EPDCCH Common Search Space (CSS) scheduling for MTC SIB1 offers improved flexibility to adjust the TBS, the number of repetitions and the time-frequency resources will have a net positive impact on the low cost UE power consumption, access latency, and system spectral efficiency. This is also more aligned with the legacy design principles. Further discussions on the benefit of supporting EPDCCH CSS can be found in [6]. We further examine if there is a need for indicating time-frequency position and TBS of MTC SIB1 in MIB below.
Time-frequency position for MTC SIB1
Regardless of whether EPDCCH is defined for MTC SIB1 scheduling, indication of the time-frequency position for MTC SIB1 is not necessary. Even if EPDCCH is not defined for MTC SIB1 scheduling, once the Rel-13 UE obtains the DL system BW from the MIB, it can determine time-frequency positions for transmission of MTC SIB1 according to the indicated CE level and according to a frequency (sub-band) hopping pattern determined from the SFN and the PCID. 
Observation 3: There is no need to indicate the time-frequency position for MTC SIB1 in the MIB as this information can be obtained without requiring use of MIB spare bits, regardless of whether EPDCCH is defined for MTC SIB1 scheduling.

TBS for MTC SIB1
For MTC SIB1 scheduling, it is important to maintain flexibility for the TBS. TBS flexibility for MTC SIB1 can be better provided by supporting EPDCCH CSS for Rel-13 low cost UEs and using a DCI format with SI-RNTI to schedule MTC SIB1. If TBS is indicated in MIB, the offered flexibility would be limited because of the very limited number of bits available in MIB. A DCI format requires far fewer repetitions than MTC SIB1 for any CE level and especially for the higher CE levels where it is most “expensive”. Therefore, it is preferable to indicate TBS for MTC SIB1 using a DCI format in a CSS for Rel-13 MTC UEs in a similar manner to using a CSS for legacy UEs.
Observation 4: It is preferable to indicate TBS for MTC SIB1 by a DCI format in a CSS as for legacy UEs. 

3 Conclusions
In this contribution, we presented our views on the potential use of the spare bits of MIB for Rel-13 MTC. Our observations and proposals are summarized below.
Observation 1: It is beneficial in terms of network resource overhead and UE complexity for MTC SIB(s) reception that the CE level supported by the cell is indicated in MIB.
Proposal 1: Two MIB spare bits can be used to indicate the 4 different CE levels, including no CE.
Observation 2: Indicating whether the network supports RBW operation or not can reduce initial cell access latency and reduce UE power consumption for Rel-13 low complexity UEs.
Proposal 2: One MIB spare bit can be used to indicate the network capability of supporting RBW operation.

Observation 3: There is no need to indicate the time-frequency position for MTC SIB1 in the MIB as this information can be obtained without requiring use of MIB spare bits, regardless of whether EPDCCH is defined for MTC SIB1 scheduling.
Observation 4: It is preferable to indicate TBS for MTC SIB1 by a DCI format in a CSS as for legacy UEs. 

References

[1] R2-150023
LS on PBCH and RACH for LTE Rel-13 MTC,
RAN1
[2] R2-151008
LS on PRACH coverage enhancement,
RAN1

[3] R2-150005
LS on Observations on SIB Performance for Rel-13 Low-Complexity UE,
RAN1
[4] R2-150006
LS on simultaneous reception requirements and SIBs for MTC UEs,
RAN1

[5] RAN2#89 (Athens) Chairman’s notes

[6] R1-151592
Tradeoffs for CSS Support for Low Cost UEs

Samsung

Page 3

