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1. Introduction
RAN Plenary # 65 meeting approved a new Rel-13 WID [1] to specify a new UE for MTC operation in LTE that also allows for enhanced coverage compared to existing LTE networks and low power consumption. Based on the experience of Rel-12 SI and WI, we saw some challenges for common message transmission and reception. In Rel-13, more challenges are expected for common message design. For bandwidth reduction, following challenges need to be studied for low cost MTC device, 
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 

· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.

In WID, it is also 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. 
· Relaxed “probability of missed detection” for PRACH and initial UE system acquisition time for PSS/SSS/PBCH/SIBs can be considered as long as the UE power consumption impact can be kept on a reasonable level.
Besides, some criteria need to be considered for common messages:
· When defining the detailed solutions for the above coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new UE category/type and other UEs. One possible approach is to require a ‘normal complexity UE’ configured with the coverage enhancement techniques to mimic some of the behaviours of a Rel-13 low complexity UE configured with the coverage enhancement techniques.

· The work with the physical layer control signalling (e.g. EPDCCH) and higher layer control signalling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.

For power consumption reduction, it is suggested to consider:

· Reduction of measurement time, measurement reporting, feedback signalling, system information acquisition, and synchronization acquisition time etc., can be considered if this can achieve significant power consumption reduction.

In this paper, some design criteria and potential solutions are proposed, based on the detail analysis of challenges of common control messages design. 
2. Challenges and Potential Solutions for Common Control Messages
2.1.  SIB
Rel-12 discussed system information acquisition for coverage enhancement mode and for low cost MTC device with a 6-PRB restriction. For extension coverage, it was agreed in RAN 2 #85 [2]:
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In RAN 1 #76bis, it was agreed that “For broadcast traffic, there is no explicit restriction on the resource allocation size for MTC UEs” [3] considering it may have problem to transmit up to 2216 bits common message within 6 PRBs. In Rel-13 WID, 1.4MHz bandwidth for both RF and baseband is assumed, which will face the same challenges as Rel-12, such as acquisition latency, PRB restriction, as well as the overhead and spectral efficiency. 
Acquisition time and UE power consumption

UE need to accumulate hundreds of repetitions to build up SNR to a decodable level in coverage extension. Therefore, the acquisition time of system information will be very long, e.g., 1~2 seconds for SIB1 and SIB2, as analyzed in [4] if current SIBs (i.e., Alt 1a and Alt 1b in [5]) are reused. Based on the analysis on UE power consumption in [6], longer acquisition time will result in higher power consumption. As a result, a new SIB is preferred considering UE power consumption. Based on the analysis in [4], introducing a new SIB (Alt 2) carrying the necessary system information will reduce the acquisition latency to 250~300ms, that is less than ¼ acquisition time of Alt 1a and Alt 1b. 
On the other hand, it was agreed in RAN 1 [7] that 

· For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH:

· Assigned PDSCH is transmitted not before end of (E)PDCCH, i.e., if subframe n is the last (E)PDCCH repetition then PDSCH start n + k (k > 0)
If PDSCH carrying SIB is indicated via EPDCCH, longer acquisition time is expected. In [8], the need of PDCCH for common messages is analyzed. Based on the analysis, it proposed that 
· SIB-carrying PDSCH can be scheduled without PDCCH by pre-defining the frequency resource allocations in each subframe for SIB transmission in coverage enhancement mode. Multiple candidate transport block sizes and multiple repetition levels of SIB transmission can be accommodated by requesting UE to blindly detect the TBS and repetition level.

Considering the new target of power consumption reduction in WID, it is proposed to consider introducing a new SIB without (E)PDCCH. 
Proposal #1: Introduce a new SIB which can support up to 15dB coverage extension without indication of (E)PDCCH.  
Overhead of new SIB 

Introducing a new SIB will increase system overhead and reduce spectral efficiency, especially if the new SIB applies to Rel-13 low cost MTC device in coverage enhancement mode. Intermittent transmission of the new SIB can be considered to reduce the system overhead. The periodicity of the intermittent transmission depends on the latency requirement of system information acquisition. For UEs in coverage enhancement mode, as mentioned in WID [1], “Initial UE system acquisition time for PSS/SSS/PBCH/SIBs can be considered as long as the UE power consumption impact can be kept on a reasonable level”. On the other hand, not each transmission of the new SIB needs to support the maximal coverage extension. The new SIB for normal coverage UE may be transmitted with a shorter periodicity but the new SIB with repetition for coverage extension can be transmitted in a longer periodicity. This is a tradeoff between the system acquisition time for normal coverage MTC device and the system overhead.  
According to the analysis in [9], ~5760 REs are needed per DCI transmission to bridge a 15dB coverage gap. Then, control-less new SIB can benefit for spectral efficiency. 
Proposal #2:  The new SIB shall support the MTC device in both normal coverage and extend coverage. Consider intermittent transmission when designing the new SIB. Not each transmission of the new SIB needs to support the maximal coverage. 
PRB number restriction and payload of system information
As mentioned above, RAN 1 agreed to relax the restriction on PRB number because it is hard to support 2216 bits within 6 PRBs. For Rel-13 MTC UE only supporting 1.4MHz bandwidth (i.e., 6 PRB), the max payload size of common message needs to be revisited again assuming 6 PRBs. This challenge becomes more serious under the case of single Rx introducing coverage loss. In the meanwhile, RAN 1 would ask RAN 2 to evaluate the necessary IEs in the new SIB, which at least allows UE to establish RRC connection. Based on the feedback from RAN2, RAN 1 can evaluate if the payload can fit within one new SIB or if MIB can be combined to the new SIB. And also, based on the feedback, RAN 1 can further analyze the cost reduction under the restriction of max TBS for broadcast signaling, e.g. to 1000 bits. Moreover, as mentioned in WID, “Reduced mobility support can be considered if this is needed to fulfill the objectives”, the IEs for cell selection/reselection can be evaluated. 

Proposal #3:  The new SIB carries only the necessary system information for RRC connection. Send LS to RAN 2 to suggest RAN 2 to evaluate the payload of the necessary IEs for UE to establish RRC connection. 
2.2. RAR 
In Rel-12 low cost MTC, UE capability indication is still under discussion in RAN2 and one potential option is to split preamble space (Msg1), so that eNB can know category 0 UE from Msg 1 and can compensate the coverage loss due to single Rx. 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 transmission is limited by 1.4MHz restriction and/or potential TBS restriction for broadcast signaling. 
Current RAR is indicated by a DCI scrambled by RA-RNTI, transmitted in common search space (CSS). Since Rel-13 MTC UE cannot decode PDCCH, if the RAR for Rel-13 MTC UE is still indicated by a DCI, a CSS in EPDCCH needs to be defined, which can fit in 1.4MHz bandwidth. In extend coverage mode, repeated transmission is needed for PDSCH carrying RAR, as well as the EPDCCH which indicates PDSCH carrying RAR. Then, more overhead and longer latency are expected if RAR relies on CSS in EPDCCH. On the other hand, since the payload of one RAR is fixed, it is easy for UE to know the payload without or with limited blind detections of control signaling. Therefore, it seems to be worthy to further study on “control-less” RAR at least in coverage extension. 

Consider providing a high level of commonality between the normal coverage and extend coverage mode, it is suggested to either introduce a CSS in EPDCCH or specify a “control-less” RAR for both normal coverage and extend coverage mode. The overhead, UE complexity, power consumption, and latency shall be considered.
Proposal #4: Further study if “control-less” operation for RAR is beneficial considering overhead, UE complexity, UE power consumption and latency. 
2.3.  Paging
Paging is another important common message. In legacy design, UE detects paging message by monitoring control messages scrambled by P-RNTI within CSS on pre-defined subframes. When paging message is broadcasted, eNB may use enough resources to guarantee the performance of all target UEs. 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 is assumed, eNB may store the coverage status of the UEs in Idle mode, so that eNB can choose proper resources to page these UEs.
Regarding the necessity of CSS in EPDCCH, as discussed in [8], the scheduling flexibility is not much improved by using EPDCCH. 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, it will be helpful to reduce resource overhead if UEs can blindly detect multiple TBS, without decoding control signaling. There is still a trade-off between decoding latency and complexity. However, compared to using EPDCCH, skipping EPDCCH 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. 
3. 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 proposed:
Proposal #1: Consider introducing a new SIB without (E)PDCCH.  
Proposal #2:  The new SIB shall support the MTC device in both normal coverage and extend coverage. Consider intermittent transmission when designing the new SIB. Not each transmission of the new SIB needs to support the maximal coverage. 
Proposal #3:  The new SIB carries only the necessary system information for RRC connection. Send LS to RAN 2 to suggest RAN 2 to evaluate the payload of the necessary IEs for UE to establish RRC connection. 
Proposal #4: Further study if “control-less” RAR is beneficial considering 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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Agreements





1	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. So far, no such SIB was identified. 





2	With alternative 1a the UE either needs multiple soft buffers in order to store the soft values of the interleaved SI messages or it needs to read different SI messages subsequently, i.e., possibly in subsequent SIB modification periods. 





3	Alt 1a seems to be a simple solution but it needs to be shown that the anticipated coverage can be achieved with SIB parameters that work also for a legacy network configuration without consuming too many resources and without causing excessive latency for legacy UEs. 











