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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The following agreements were achieved about MTC SIB transmission in the RAN1 #81 meeting [1]:
Agreements:
· Scheduling information for MTC SIB1
· TBS of MTC SIB1 is based on information in the MIB.
· Frequency location of MTC SIB1 is derived from at least PCID.
· Time location 
· Possible subframes are {0,4,5,9} for FDD and {0,5} for TDD. FFS subframes {1,6} for TDD. 
· FFS: Whether the subframes and frames are signaled in MIB and/or fixed/predefined in specification.
Further, in RAN1 #82 meeting, the following agreement was concluded for SIB1 transmission [2]:
Agreement:
· For SI transmission:
· At least the following are predefined or derived from MIB:
· (a) periodicity of MTC-SIB1 transmission
· (b) repetition number within the periodicity of MTC-SIB1 transmission
Agreement:
· Confirm working assumption: At least in case the network supports enhanced coverage, frequency hopping for MTC-SIB1 is always used at least system bandwidth >= 5MHz.
· Option A: MTC-SIB1 frequency hopping takes place between 2 narrowbands in the cell.
· Option B: MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands as indicated in MIB.
· Working assumption: The mentioned narrowbands are determined based on cell ID and system bandwidth. 
· Working assumption: The hopping sequence between these narrowbands is determined based on cell id and subframe index (and/or SFN).
In view of how to derive the scheduling information for MTC SIB1 transmission is not decided yet, this contribution focuses on MTC SIB1 and proceeds to analyze it in detail taking the agreements achieved in the previous meetings into account. 
Determining MTC SIB1 time location
The time location for MTC SIB1 transmission includes how many subframes are used and which radio frames and which subframes are taken, which are affected by the coverage enhancement (CE) requirement, TDD configuration, the subframes used for PBCH repetitions and the subframes configured for MBSFN. 
The number of repetitions 
SIB transmissions address all UEs in the cell, so the number of repetitions needs to take into account the UEs in the worst case or the average requirement for CE which, however, may not be the same in different cells. It is desirable that eNBs could determine which CE level will be supported in the cell, and support MTC SIB1 transmission targeting different CE levels in different cells. 
Proposal 1: The network can transmit MTC SIB1 with the number of repetitions targeting different CE levels in different cells. 
For an MTC SIB1 with a specific TBS, the number of repetitions for MTC SIB1 transmission can be different for diverse CE requirements to optimize resource utilization. For MTC SIB1 transmissions with different TBSs, the number of repetitions for MTC SIB1 transmission should also be different. Even for the same TBS and CE requirement, the number of repetitions a UE is required to combine also depends on whether frequency hopping is applied or not and the frequency hopping gain. 
As the UE would experience better channel condition than the worst case, the UE may perform blind trials to combine MTC SIB1 repetitions to save power consumption. If the UE does not know the number of repetitions for MTC SIB1, it does not know the CE level supported by MTC SIB1 in the cell, i.e. what the worst case is. As a consequence, it will perform excessive combination of the repetitions than the actual number of repetitions eNB transmits and UEs’ power consumption will be wasted. For example, eNB transmits MTC SIB1 with 50 repetitions to supports 5dB CE in a cell and a UE needs 10dB CE. The UE cannot successfully decode MTC SIB1 with 50 repetitions and then will have another try to decode MTC SIB1 with 100 repetitions which is not the actually MTC SIB1. So the number of repetitions for MTC SIB1 should be known by MTC UEs to eliminate power consumption waste on UE decoding.
eNB can configure a period for MTC SIB1, in which MTC SIB1 is repeated and does not change. MTC UEs can know the number of repetitions for MTC SIB1 from the configured period, together with the subframe and frame usage of MTC SIB1.
Proposal 2: A period in which MTC SIB1 does not change is indicated in MIB.
The subframes and frames
According to the agreements, there are 4 possible subframes for MTC SIB1 transmission for FDD. For TDD, subframes #0 and #5 are always downlink so that they are possible subframes for MTC SIB1 transmission. Whether subframes #1 (special subframe) and #6 (downlink or special subframe) can be used for MTC SIB1 transmission are left FFS. Because the downlink symbols in the two subframes depends on TDD configuration which can only be known after decoding MTC SIB1 if it is included in MTC SIB1. Since subframes {0, 4, 5, 9} for FDD and {0, 1, 5, 6} for TDD cannot be configured as MBSFN subframes [3], possible subframes for MTC SIB1 can only be these subframes if the MBSFN configuration is contained in MTC SIB2 as in the legacy SIB2 for normal UEs.
For TDD, if the possible subframes for MTC SIB1 are restricted to {0, 5}, the cell access time will not be balanced between FDD and TDD when operating CE because the delay for the UEs to decode MTC SIB1 will be longer for TDD than FDD. Especially for 1.4MHz system bandwidth when PBCH repetition is not supported [1], subframes for MTC SIB1 repetition are {4, 5 in odd frames, 9} for FDD and {5 in odd frames} for TDD. The delay for MTC SIB1 decoding for TDD is 5 times longer than the delay for FDD. TDD system should not be jeopardized with such restriction. When there are enough downlink symbols in subframes 1 and 6, they can also be used for MTC SIB1 transmission to reduce the delay of decoding.
 Proposal 3: Subframes {1, 6} should also be possible subframes for MTC SIB1 transmission for TDD.
When a UE receives MTC SIB1 on special subframes, it does not know the specific special subframe configuration yet, so it can not know the duration of DwPTS. There are some ways to use the special subframes for MTC SIB1.
One alternative is to use the special subframes with fixed DwPTS duration assumption at the UE. However, this alternative cannot be supported in some special subframe configurations. In current TDD system as shown in Table 1 [4], special subframe configurations 0 and 5 do not provide sufficient downlink symbols in special subframes for MTC SIB1 transmission in normal CP. Similarly, special subframe configurations 0 and 4 do not provide sufficient downlink symbols in special subframes for MTC SIB1 transmission in extended CP. Fixed DwPTS duration for MTC SIB1 transmission cannot be assumed in these special subframe configurations.
Another alternative is that MIB can indicate whether special subframes can be used for MTC SIB1. For the above special subframe configurations, and possible special subframe configuration 9 for normal CP and 7 for extended CP, MIB can indicate special subframes are not be used for MTC SIB1 transmission. For other special subframe configurations in which MIB can indicate to use special subframes for MTC SIB1, UE could assume a default special subframe configuration or fixed OFDM symbols used for MTC SIB1 transmission in special subframes, for example, 9 symbols DwPTS for normal CP and 8 symbol DwPTS for extended CP. Thus, all special subframe configurations can be used for MTC.
Due to the UE cannot decide the type of subframe 6 when receiving MTC SIB1, it could also be indicated by MIB whether subframe 6 is a special subframe or downlink subframe.
Table 2: Configuration of special subframe and duration of DwPTS
	Special subframe configuration
	DwPTS

	
	Normal cyclic prefix in downlink
	Extended cyclic prefix in downlink

	0
	

(3 symbols)
	

(3 symbols)

	1
	

(9 symbols)
	

(8 symbols)

	2
	

(10 symbols)
	

(9 symbols)

	3
	

(11 symbols)
	

(10 symbols)

	4
	

(12 symbols)
	

(3 symbols)

	5
	

(3 symbols)
	

(8 symbols)

	6
	

(9 symbols)
	

(9 symbols)

	7
	

(10 symbols)
	

(5 symbols)

	8
	

(11 symbols)
	-

	9
	

(6 symbols)
	-



Proposal 4: Whether special subframes can be used for MTC SIB1 transmission and the type of subframe 6 are indicated by MIB.
PBCH takes two subframes per frame and it is agreed the other subframe for PBCH repetition is subframe 9 for FDD and 5 for TDD [1]. If MTC SIB1 utilizes frequency hopping, it can be frequency division multiplexed with PBCH in the PBCH subframes. Subframes other than {1, 6} for MTC SIB1 transmission can be fixed in specification to avoid UE blindly decoding and save MIB spare bits usage.
In conclusion, the subframes for MTC SIB1 transmission could be:
· For 1.4MHz system bandwidth: {4, 5 in odd frames, 9} for FDD, {5 in odd frames} and possible {1,6} for TDD.
· For other system bandwidth: {0,4,5,9} for FDD, {0,5} and possible {1,6} for TDD.
The previous evaluations of SIBs for MTC UE operating CE shows that discontinuous repetition needs less repetition number than continuous repetition [5]. The frames for MTC SIB1 transmission can be discontinuous which could be fixed in specification.
[bookmark: _Ref418497080]Determining the frequency location
The frequency location for MTC SIB1 is not desirable to be fixed in the carrier center, as it cannot be frequency division multiplexed with PBCH and use PBCH subframes for repetition. As the number of resource blocks used for MTC SIB transmission is fixed to 6 PRBs, frequency hopping cannot be applied in 1.4MHz system. In 3MHz system, the frequency diversity gain from frequency hopping is considered to be limited. Therefore, frequency hopping for MTC SIB1 should not be used at least system bandwidth less than 5MHz.
To make it easier to schedule the transmissions of MTC SIB1, the number of narrowband for frequency hopping of MTC SIB1 transmission can be indicated by MIB. Further, the narrowbands for MTC SIB1 transmission can be determined based on cell ID and system bandwidth, and the hopping sequence of MTC SIB1 transmission between narrowbands is determined based on cell ID and subframe index (and/or SFN).
Proposal 5: Confirm the following working assumption for MTC SIB1 transmission:
· Working assumption: The mentioned narrowbands are determined based on cell ID and system bandwidth. 
· Working assumption: The hopping sequence between these narrowbands is determined based on cell id and subframe index (and/or SFN)
Determining the TBS
RAN2 agreed to maintain the flexibility of MTC SIB1, which implies UE shall not assume the size of the SIBs is fixed. And it was agreed in last meeting TBS of MTC SIB1 is based on information in the MIB. Whether the TBS of MTC SIB1 is explicitly indicated by MIB or implicitly determined by UEs needs further discussion.
In current specification, SIB transmission for legacy UEs only uses QPSK. As there is coverage loss arising from cost saving techniques and coverage enhancement for MTC UEs, MTC SIBs should also utilize QPSK modulation. As the number of resource blocks used for MTC SIB transmission is fixed to 6 PRBs, the number of coded bits available for MTC SIB1 transmission within one subframe is known based on QPSK and 6PRBs. Due to MTC SIB1 should be repeatedly transmitted across multiple subframes, the total coded bits number available for MTC SIB1 transmission actually depends on the number of repetitions for MTC SIBs transmission.
To get 1% BLER detection performance of MTC SIB1, a certain effective code rate for the muti-subframe transmission (reflected by MCS) is required for MTC SIBs transmission which can be determined by the supported CE level for MIC SIB1 of a cell and the frequency hopping gain. The supported CE level is reflected by the range that the repetition number belongs and frequency hopping gain is linked to MIB (related to system bandwidth). When the UE has acquired MIB, it will get the knowledge of the effective code rate required as long as MIB provides additional repetition number information for MTC SIB1 discussed above. As the code rate equals to TBS divided by the total coded bits available for MTC SIB1 transmission, the TBS of MTC SIB1 can be derived implicitly from the information in MIB and does not need to be explicitly indicated to avoid the use of much spare bits for some redundant information. 
Proposal 6: The TBS for MTC SIB1 is derived implicitly from the information in MIB, e.g. the period of MTC SIB1.
Conclusions
This contribution analyzes the time location, frequency location, as well as the TBS for MTC SIB1 transmission, which leads to the following proposals:
Proposal 1: The network can transmit MTC SIB1 with the number of repetitions targeting different CE levels in different cells. 
Proposal 2: A period in which MTC SIB1 does not change is indicated in MIB.
Proposal 3: Subframes {1, 6} should also be possible subframes for MTC SIB1 transmission for TDD.
Proposal 4: Whether special subframes can be used for MTC SIB1 transmission and the type of subframe 6 are indicated by MIB.
Proposal 5: Confirm the following working assumption for MTC SIB1 transmission:
· Working assumption: The mentioned narrowbands are determined based on cell ID and system bandwidth. 
· Working assumption: The hopping sequence between these narrowbands is determined based on cell id and subframe index (and/or SFN)
Proposal 6: The TBS for MTC SIB1 is derived implicitly from the information in MIB, e.g. the period of MTC SIB1.
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