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1
Introduction
3GPP Rel-13 includes a work item entitled “Further LTE Physical Layer Enhancements for MTC” [1] with the objective is to specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities:
-
Reduced UE bandwidth of 1.4 MHz in downlink and uplink;
-
Reduced maximum transmit power;
-
Reduced support for downlink transmission modes;
-
Further UE processing relaxations.
RAN2 #89 [2] & #89bis [3] achieved agreements on SIB as below:

· 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. 
· 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. 

In addition, RAN1 #80bis [4] sent LS to RAN2 on SIB scheduling, that:

· 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 analyze the potential scheduling information needed for SIBs scheduling for Low cost MTC.
2
Discussion
To ease the discussion, the new designed SIB1 is named as M-SIB1 and other potential new SIBs are named as M-SIBs in this document.

2.1
SIB1 scheduling
RAN1[4] agreed Scheduling information for “MTC SIB1” (time, frequency and MCS/TBS) is derived from PCID and/or MIB and/or fixed/predefined in spec. It is natural to employ fixed time domain scheduling of M-SIB1 as existing SIB1 to simplify the acquisition procedure. Similiarly the fixed/predefined narrowband region could ease the UE implementation and does not require frequency domain scheduling information. In order to exploit frequency diversity gain, frequency hopping for SIBs might be adopted which is under discussion in RAN1. It is showed in [5] that at the 1% BLER point, the gain of frequency hopping is around 1-2 dB which may reduce up to 25% number of required repetitions. Considering the spare bits limitation in MIB, the frequency related information, such as starting PRB, number of PRBs (e.g. fixed to 6 PRBs) and the frequency hopping pattern could be defined in specification.
Observation 1: The timing information and frequency allocation including the starting PRB, number of PRBs and the frequency hopping pattern could be specified to simplify the scheduling of M-SIB1 transmission.
Currently, DCI Format 1A or 1C are used for signaling the resource assignment for the PDSCH transmission of SI messages, which contains the resource block assignment, modulation and coding scheme. The modulation is known by UE as QPSK is used when the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI. Therefore, only resource block assignment needs to be indicated for Rel-13 low complexity UE. With the frequency/time domain allocation for M-SIB1 predefined, it is sufficient to indicate only the TBS of PDSCH for M-SIB1 transmission.

Observation 2: With predefined time/frequency domain allocation, the TBS index of the PDSCH transmission is sufficient to schedule M-SIB1.
As M-SIB1 only needs to carry critical information for accessing the cell and its structure may be simplified.  The size of the M-SIB1 message is nearly constant or varies within a small range,  that only 2 or 3 bits may be enough to indicate the TBS of M-SIB1 in MIB. In addition, it may be left to the eNB implementation whether to support the frequency hopping for MTC SIB1transmission, thus a flag might be required to indicate UE the frequency allocation scheme for acquiring the MTC SIB1.
Proposal 1: The frequency and timing domain information for M-SIB1 are predefined; only TBS and frequency hopping flag are indicated in MIB.

2.2
SI message scheduling
For SIBs other than SIB1, RAN2 #89bis agreed the current SI message concept, i.e., one or more SIBs can be multiplexed into an SI message, the transmission occasions within a SI Window are provided in SIB1.Therefore, the M-SI messages could be periodically transmitted using a fixed schedule specified in M-SIB1 which enables the UE to determine the occurrence of the SI messages and simplifies SI message reception. 
It was agreed that the UE accumulates SI messages from a single extended SI window (legacy behaviour) as the baseline which means the UE would receive SI messages one by one in sequential manner. The acquisition of SI message across multiple SI windows is expected to reduce the SI acquisition delay for Rel13 low complexity UEs in normal coverage with shorter extended SI window, because those UEs need fewer transmissions than the UEs working in coverage enhancement mode [6]. However for the UE in coverage enhancement mode, this may even increase the SI acquisition latency, the shorter periodicity may achieve the same level of the SI acquisition latency as the legacy SI acquisition procedure, on the other hand the DL broadcast signalling overhead would increase as a consequence. Additionally, in order to receive multiple SIs simultaneously, the UE has to maintain more than one HARQ process which has the same number of the interleaved SIs.  

Observation 3: The interleaved SI acquisition across SI windows may increase the SI reception latency  for Rel13 low complexity UEs in coverage enhancement mode and cause extra UE implementation complexity.
Proposal 2: The legacy SI acquisition scheme (only 1 HARQ process for SI transmission without interleaving across SI windows) is adopted.
Similar to M-SIB1 frequency domain scheduling, frequency hopping could also provide frequency diversity gain for SI message reception. Apart from the starting PRB which is necessary for both fixed frequency allocation and frequency hopping, additional hopping pattern needs to be notified to UE in M-SIB1. Extra bits would be needed to interpret the pattern depending on how complexity the hopping will be supported or configured. The details are up to RAN1 to decide.

Observation 4: The frequency allocation related parameter for SI message transmission could be carried in M-SIB1 to reduce the SI acquisition delay and save UE power.

Apart from timing and frequency information, TBS would also be needed for M-SIBs scheduling, which should be included in M-SIB1 as well. 
Proposal 3: The time domain periodicity, frequency information as well as TBS index are added in M-SIB1 as scheduling information for acquiring subsequent SIB(s).
3
Conclusion
This contribution analyzed the scheduling MTC system information transmission from both time domain and frequency domain perspective, the following observation were made. 

Observation 1: The timing information and frequency allocation including the starting PRB, number of PRBs and the frequency hopping pattern could be specified to simplify the scheduling of M-SIB1 transmission.
Observation 2: With predefined time/frequency domain allocation, the TBS index of the PDSCH transmission is sufficient to schedule M-SIB1.
Observation 3: The interleaved SI acquisition across SI windows may increase the SI reception latency  for Rel13 low complexity UEs in coverage enhancement mode and cause extra UE implementation complexity.
Observation 4: The frequency allocation related parameter for SI message transmission could be carried in M-SIB1 to reduce the SI acquisition delay and save UE power.

Based on the analysis and observation above, we propose
Proposal 1: The frequency and timing domain information for M-SIB1 are predefined; only TBS and frequency hopping flag are indicated in MIB.

Proposal 2: The legacy SI acquisition scheme (only 1 HARQ process for SI transmission without interleaving across SI windows) is adopted.
Proposal 3: The time domain periodicity, frequency information as well as TBS index are added in M-SIB1 as scheduling information for acquiring subsequent SIB(s).
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