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1. Introduction
In RAN 1 #78bis meeting, the following working assumptions are made for the maximum TBS for broadcast transmission for Rel-13 low complexity UE [1]:
Working assumptions:
· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits.

· RAN2 aspect and RAN1 aspect need to be considered further by RAN1 and RAN2 before confirming the working assumption

· RAN1 aspect including coding rate and spectral efficiency (taking into account coverage enhancement) and turbo coding gain

Moreover in WID, it suggested to consider “A new SIB for bandwidth reduced and/or coverage enhanced UEs”. In this paper, we analyzed the payload size for new SIB and some design consideration for SIB, RAR and Paging for both low cost and coverage extension mode.  
2. SIB
It had been discussed in Rel-12 whether a new SIB for 15dB coverage extension needed to be introduced. RAN 2 concluded that “no need to introduce a new SIB unless we identify a SIB of which UEs in extended coverage mode would only need a small subset of the contained IEs” [2]. In Rel-13, the bandwidth of the low complexity MTC device is reduced to 1.4MHz [4] and TBS of common channel may be further restricted to approximately 1000 bits [1], which may raise an additional issue that if narrow band MTC UEs need a new SIB. 
Based on the discussion in RAN 2 [3], SIB5 can be larger than 1000 bit depending on the number of carriers (and e.g. black lists), as well as other inter-RAT SIBs (SIB6, SIB7, SIB8). Some specification impacts are expected, e.g., defining a SIB5bis, due to the max TBS restriction. On the other hand, if narrow band MTC UEs read legacy SIBs, these SIB have to be transmitted in continuous 6 PRBs, which may result in a poor performance due to the loss the frequency diversity gain. In additional, a new CSS in EPDCCH or m-PDCCH operated in 1.4MHz bandwidth may need to be defined to indicate the resource allocation and MCS of legacy SIBs, which will bring in some control channel overhead. As a result, it is worthwhile considering introducing a new SIB for Rel-13 narrow band MTC for normal coverage.
Moreover, in Rel-13 WID [4], it is suggested considering the following techniques for coverage extension:

· New physical channel formats with repetition for SIB/RAR/Paging
· A new SIB for bandwidth reduced and/or coverage enhanced UEs.

Overhead of SIBs for 15dB coverage extension is a tough issue. A new SIB for coverage enhancement mode with only necessary IEs can help to reduce the overhead [5]
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[6]. Intermittent transmission with a longer periodicity also can be considered to reduce the overhead since the traffic of MTC UE in poor coverage is delay tolerant. In addition, reduction of power consumption for MTC is another design target in Rel-13. Based on the study in Rel-12, introducing a new SIB allows faster system information acquisition time which reduces power consumption in coverage extension mode [5]
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[6]. 
Considering the bandwidth reduction and TBS restriction of Rel-13 MTC, as well as the overhead and power consumption for coverage enhancement mode, it is suggested to introduce a new SIB for Rel-13 MTC UEs in both normal and coverage enhancement mode. 
Proposal #1:  Introduce a new SIB for Rel-13 MTC UEs in both normal and coverage enhancement mode. 
UE needs to know the resource allocation, transport block size to decode PDSCH carrying SIB. For Rel-13 narrow band MTC UEs, continuous 6 PRBs can be received and a mechanism of which sub-band needs to be introduced for new SIB reception, for example a pre-defined sub-band or indicated in MIB. Considering the frequency diversity loss with localized resource and the coverage of the SIB, the whole 6 PRBs or even more PRBs may need to be used to deliver a SIB. Therefore, there may be no need to further introduce a resource allocation indication by DCI within the sub-band. On the other hand, the payload of new SIB may be quite stable, which can be pre-defined. Besides,QPSK is used for modulation, therefore, MCS in DCI is redundant. As a result, “control-less operation” for the new SIB can be considered.
Furthermore, for coverage enhancement mode, the overhead of (E)PDCCH is quite large (e.g., A DCI needs about 5760REs (~48 PRBs) for 15dB coverage enhancement [7]). Considering the overhead of new SIB for coverage enhancement mode, different coverage gaps may need different repetition numbers to reduce the system overhead. Some blind detection of SIBs maybe introduced to support different repetition numbers, as well as if some flexibility is needed for different TBS or time/frequency location. 
Proposal #2: Introduce “control-less operation” for the new SIB for Rel-13 MTC UE for both normal and coverage enhancement mode. Blind decoding can be considered if flexibility of multiple TBS, frequency location or repetition number is needed.
The payload in the new SIB for narrow band MTC UEs will impact on the system overhead, as well as the periodicity of new SIB transmission. However, the payload size, periodicity and other design principles of the new SIB depend on the requirements (e.g., mobility, power consumption, latency), traffic/service characteristics (e.g., availability), and capabilities (e.g., the inter-frequency and inter-RAT) of MTC UEs. Before study the solutions of the new SIB, the requirements for MTC UEs need to be clarified. Moreover, in order to reduce the device cost, the maximum TBS for broadcast transmission for Rel-13 low complexity UEs is considered to restrict to approximately 1000 bits [1]. The max TBS restriction will also impact on the new SIB design, such as the IEs convey in the new SIB. For example, the necessary payload for initial access is about 450~700 bits (i.e., some IEs in SIB 1, SIB 2 and SIB 14) based on a roughly calculation. However, if intra-frequency and inter-frequency cell re-selection need to be supported for the consideration of mobility or power consumption, more payloads need to be transmitted in the new SIB. For coverage enhancement mode, MTC UE may be stationary, which may have different requirements from normal coverage MTC UE, for example, cell re-selection may not need to be supported. It is suggested that RAN 1 to discuss the requirements and assumptions of new SIB design for MTC UEs in normal coverage and coverage enhancement mode, as well as some design considerations (e.g., control-less operation for SIB, tradeoff between payload and overhead for 15 dB coverage enhancement) first. And then, send LS to RAN2 with the analysis from RAN 1 perspective and ask RAN 2 to look into the solutions for new SIB. 

Proposal #3: RAN 1 analyzes the requirements and assumptions of new SIB design for MTC UEs in normal coverage and coverage enhancement mode first. Send LS to RAN 2 to ask for solutions for new SIB with the necessity of new SIB, new SIB design considerations from RAN 1 perspective, and clear requirements and assumptions of the new SIB for MTC UEs both in normal and coverage enhancement mode.
3. RAR 
In Rel-12 low cost MTC, it was agreed that UE capability was indicated in Msg 3 [8]. Since Rel-13 MTC UEs with single Rx only support 1.4MHz bandwidth, it may be more beneficial to let eNB learn the capability of MTC UE in Msg 1. Otherwise, all the RAR transmissions are limited by 1.4MHz restriction and/or potential TBS restriction so that Rel-13 MTC UE can receive it. 

Current RAR is conveyed in PDSCH, which is indicated by a DCI scrambled by RA-RNTI within common search space (CSS). Similar as the case for SIB, a new CSS in EPDCCH or m-PDCCH needs to be defined, which can fit in 1.4MHz bandwidth, if DCI is needed to indicate the resource allocation for RAR. Furthermore, for coverage enhancement mode, more resource overhead and a longer latency will be expected due to repeated transmissions, if RAR transmission relies on a control channel. A longer latency may increase power consumption at UE side. Besides, since the payload size of one RAR is fixed, there is no much complexity increment for UE to detect blindly an intended RAR. Therefore, it will be worthwhile to further study on RAR design without control information, i.e., a “control-less operation” for RAR, for R13 MTC UEs with low complexity and coverage extension. 

Observation #1: From the perspective of resource efficiency and power consumption, “control-less operation” for RAR transmission for R13 MTC UEs with low complexity and coverage enhancement can be further studied. 
Under a control-less design principle, a consideration is detection complexity since UEs may perform detection of PDSCH carrying RAR blindly, from following perspectives.

· Starting point for RAR detection in time domain 

In legacy systems, UEs expect to receive the RAR within a time window, of which the end subframe is configured by eNB and broadcast as cell-specific information by SIB2. The start of the time window depends on the transmission point of PRACH. 

For MTC UEs in coverage enhancement mode and low complexity, starting point determination can follow current rule.  To reduce blind detection complexity, subframes carrying RAR can be specified.
· RAR payload size detection

Different from legacy systems, wherein multiple RARs can be multiplexed for broadcast with different TB sizes. Without control information, detection of different TB sizes may increase complexity at UE side. From this perspective, a unicast RAR is preferred since one RAR size is fixed as 56 bits. Or a number of RAR multiplexed within one response message from eNB can be specified to avoid too much complexity. 
· Repetition number for RAR in case of coverage enhancement. 

To reduce the complexity at UE side, it’s intuitive that eNB can have a knowledge of coverage gap for each UE from PRACH detection. For example, a one-to-one relationship can be specified between repetition number of RAR and PRACH format. Further, it’s a waste of resource to multiplex RARs with different repetition levels. Then, UE only detect RAR with a possible repetition number in time domain. 

· Frequency location of RAR in frequency domain. 

Another angle is the resource location determination in frequency domain. Without control information, some design is needed to reduce blind detection complexity in frequency domain. One possible solution is to specify frequency location. Or the frequency location depends on parameter configurations for PRACH.
Proposal #4: Consider “control-less operation” for RAR for UEs in coverage enhancement mode due to the benefit for overhead, UE complexity, UE power consumption and latency. 
4.  Paging
Paging is another common message. In legacy design, UE detects paging message by monitoring control messages scrambled by P-RNTI within CSS at pre-defined subframes. When paging message is broadcasted, eNB may use enough resources to guarantee the performance of all target UEs within a cell. Therefore, it is beneficial for eNB to know the capability of MTC UE and also the coverage status of the paging target before paging message transmission. NAS can provide the information of UE capability for paging as the solution to handle Rel-12 MTC UE. Since no mobility for the UEs in extend coverage mode may be assumed, eNB may store the coverage status of the UEs in Idle mode, so that eNB can choose proper resources to page these UEs.
Similar to RAR analysis, if paging transmission relies on CSS in EPDCCH, as discussed in [7][9], the scheduling flexibility is limited. In addition, the repetition level and/or frequency resources of paging can be configured by RRC. Because the number of UEs to be paged may vary in each time, no much complexity would be introduced if UEs can blindly detect control-less paging messages with different specified TB sizes. Further, “control-less operation” for paging can reduce some latency (e.g., ~20 ms). As a result, it seems that there is no need to use EPDCCH to schedule paging-carrying PDSCH.  
Proposal #5:  Further study on paging of MTC device in both normal and enhanced coverage mode and consider “control-less operation” for paging. eNB may need to know the coverage status of the paged UEs and further study the mechanism for eNB to obtain the coverage status information. 
5. Conclusion
In this paper, we analyzed common control message for Rel-13 MTC UEs in both normal coverage and extension coverage. Based on the analysis, we have following proposals:

Proposal #1:  Introduce a new SIB for Rel-13 MTC UEs in both normal and coverage enhancement mode. 
Proposal #2: Introduce “control-less operation” for the new SIB for Rel-13 MTC UE for both normal and coverage enhancement mode. Blind decoding can be considered if flexibility of multiple TBS, frequency location or repetition number is needed.

Proposal #3: RAN 1 analyzes the requirements and assumptions of new SIB design for MTC UEs in normal coverage and coverage enhancement mode first. Send LS to RAN 2 to ask for solutions for new SIB with the necessity of new SIB, new SIB design considerations from RAN 1 perspective, and clear requirements and assumptions of the new SIB for MTC UEs both in normal and coverage enhancement mode.
Proposal #4: Consider “control-less operation” for RAR for UEs in coverage enhancement mode due to the benefit for overhead, UE complexity, UE power consumption and latency. 
Proposal #5:  Further study on paging of MTC device in both normal and enhanced coverage mode and consider “control-less operation” for paging. eNB may need to know the coverage status of the paged UEs and further study the mechanism for eNB to obtain the coverage status information. 
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