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1. Introduction
In RAN1 #74b meeting and LC-MTC ad-hoc session in RAN1 #75 meeting, the need of PDCCH for PDSCH that carries SIBs and other common channels has been identified as an issue. In RAN1 #75 meeting, some agreements on UE-specific search space have been made for UEs in enhanced coverage mode:
Agreements:
· For UEs in enhanced coverage mode for MTC
· For UE-specific search space, 
· (E)PDCCH to schedule PDSCH is supported.
· Repetition of (E)PDCCH with multiple levels is supported. 
· From the UE perspective, the possible starting sub-frames of (E)PDCCH repetitions are limited to a subset of sub-frames. 
In addition, the timing relationship of PDSCH and (E)PDCCH was agreed:
Agreements:
· For UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH:

· The relation of PDSCH timing to (E)PDCCH timing shall be known to UE and shall not be configurable by higher layer parameter dedicated only for this purpose and shall not be indicated by (E)PDCCH. FFS on how to derive it or fixed by spec.

· 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)

In this paper, the need of PDCCH for SIB, RAR and Paging channels is discussed. 
2. Comparison between with and without PDCCH scheduling
In [1], some analysis was provided that compared with and without PDCCH scheduling for common channels. For using PDCCH to schedule PDSCH that carries common channels, there are some drawbacks compared to without PDCCH:
· Larger overhead: ~5760 REs per DCI transmission to bridge a 15dB coverage gap.
· Longer latency: “Assigned PDSCH is transmitted not before end of (E)PDCCH” was agreed in RAN1# 75 meeting  for UEs in enhanced coverage mode for MTC, if/when PDSCH is indicated via (E)PDCCH. If PDCCH is used to schedule PDSCH that carries common message, additional latency is expected due to repeated PDCCH transmission before PDSCH.
In addition, PDCCH repetition in CSS may increase the blocking rate of other UEs. Introducing CSS in EPDCCH needs speciation effort, such as a pre-defined rule of PRB set for CSS if SIB is scheduled by EPDCCH.
Without PDCCH, in order to decode the common channels, some parameters need to be pre-defined or blindly detected by UE, such as TBS, frequency resource allocation in each subframe, repetition number in time domain. Pre-defined parameters will impact eNB scheduling flexibility and blind detection may introduce more complexity or power consumption to UE. 
SIBs, RAR and paging are three different common messages. Detailed analysis on each of them is provided in the following sub-sections.
2.1.  SIB
In current LTE systems, SIB is transmitted in PDSCH indicated by PDCCH in common search space. UE will monitor PDCCH candidates in CSS with SI-RNTI to know if SIB is transmitted in current subframe or not. The PDCCH, scrambled by SI-RNTI, indicates the resource allocation and TBS size of SIB. SIB1 is transmitted in pre-defined subframes, and other SIBs’ scheduling information, i.e., SI-windows and SI periodicity, is indicated in the SIB1. 
To provide up to 15dB coverage extension, repetition is needed for both PDSCH and PDCCH (if PDCCH is used). Even with PDCCH indicating resource allocation of PDSCH, UE also needs to assume the resource allocation in each repetition is the same or based on a pre-defined hopping pattern unless the resource allocation of each repetition is indicated (e.g., by a “super” PDCCH that contains different resource allocations in each repetition, or via multiple PDCCHs). As a result, with or without PDCCH, eNB will lose some scheduling flexibility. Note that since SIB is a broadcasting channel and targets to the worse coverage UEs, there is no scheduling gain for SIB. The scheduling flexibility we meant here is the flexibility when scheduling other PDSCH. In [2], a simple example for a SIB-carrying PDSCH by using the PRBs at both band edges is given. Other PRBs can be used for uni-cast PDSCH or other common channels, which can avoid too fragmented resources and limit impact to eNB scheduler. Another method is using the spare bits in MIB to indicate the frequency resource allocations for SIB. However, information bits in MIB changes infrequently and  as previously discussed, the flexibility brought in by the spare bits in MIB is limited due to the large repetition levels of SIB for coverage extension. As a result, pre-defined frequency resource allocation for SIB is recommended. 
Another important parameter is TBS size if there is no PDCCH for SIB-carrying PDSCH. Because the payload of SIB(s) does not vary too much (the smallest payload of SIB can be calculated and the maximum is 2216 bits /1736 bits), some candidate TBSs can be pre-defined in the specification.  The granularity of the candidate TBS size needs to consider the trade-off between blind detection times and efficiency/overhead. 
Turbo coding is used for PDSCH, whose complexity is about 3~7 times of TBCC. Blindly detection may incur more complexity. However, UE can save on 12 blind detections of PDCCH in CSS. On the other hand, because SIB does not need HARQ feedback in the 4th subframe, longer decoding time can be used to reduce the Turbo decoding complexity. 
Other than TBS and frequency resource allocation, the repetition level of PDSCH carrying SIB also needs to be known by UE, either pre-defined or by UE blind detection. Since different eNBs may support different coverage extensions, pre-defined repetition level of SIB in spec may not be efficient. Blind detection of multiple repetition levels of SIBs allows eNB to select a proper repetition level. From UE’s complexity perspective, no addition complexity is expected because the blind detection of repetition levels only require the UE to attempt decoding in different time slot (e.g., after accumulating 4, 8, 16 repetitions). 
Proposal #1:  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.
2.2.  RAR 
RAR is another common message indicated by PDCCH in CSS scrambled by RA-RNTI. RA-RNTI is generated with the first subframe index and index of the specified PRACH within that subframe. After sending PRACH, UE expects an RAR within a RAR Response window.  If the decoded transported block contains a RAR identifier of that UE, UE will transmit Msg 3 in a corresponding subframe. This means UE needs to decode the transport block containing RAR in a short time. Therefore, blindly Turbo decoding may not be suitable for RAR due to the complexity. 
In addition, the number of UE sending PRACH in one subframe can be quite different every time, so that the transport block size for RAR may vary in a wide range. Therefore, it may be hard to design a set of TBS candidates for UE to blindly detect.
Furthermore, RAR is not a broadcasting channel to all the UEs in the cell like SIB. Only the UEs sending PRACH in a particular resource need to receive the same RAR. No RAR need to be transmitted if there is no PRACH is received. Therefore, the overhead of PDCCH may be acceptable. On the other hand, eNB may obtain some coarse pathloss estimation from the detected PRACH. Some adjustment on the repetition level of RAR-bearing PDSCH may be applied. Therefore, it may be better to use PDCCH or EPDCCH to schedule RAR message. The same principle of (E)PDCCH repetition in coverage enhancement mode for UE-specific search space can be applied to PDCCH or EPDCCH for RAR-carrying PDSCH.  
Proposal #2:  The RAR-carrying PDSCH is still scheduled by PDCCH or EPDCCH. The same principle of (E)PDCCH repetition for UE-specific search space can be applied to PDCCH or EPDCCH.
2.3.  Paging
Paging is another broadcast channel. UE monitors CSS for P-RNTI scrambled PDCCH on pre-defined subframes in its Paging Frame. When paging message is broadcasted, eNB may use enough resource to guarantee the performance of all target UEs. Similar to SIB transmission, the scheduling flexibility is not much improved by using PDCCH. In addition, different from SIB, the repetition level and/or frequency resources of paging can be configured by RRC. Because the number of UEs being paged may vary in each time, UE to blindly detect multiple TBS may help to reduce resource overheard. There is still a trade-off between decoding latency and complexity. However, compared to using PDCCH, skipping PDCCH can reduce some latency (e.g., ~20 ms). As a result, it seems that there is no need to use PDCCH to schedule paging-carrying PDSCH.  
Proposal #3:  No need to use PDCCH to schedule PDSCH for paging. Some parameters can be configured by RRC message such as frequency resources allocation and repetition level. Blind decoding at multiple TBS may help to reduce resource overhead. 
3. Conclusion
In this paper, we analyzed the need of PDCCH for SIB and other common channels transmitted in PDSCH in coverage enhancement mode. Based on the analysis, we proposed:
Proposal #1:  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.
Proposal #2:  The RAR-carrying PDSCH is still scheduled by PDCCH or EPDCCH. The same principle of (E)PDCCH repetition for UE-specific search space can be applied to PDCCH or EPDCCH.
Proposal #3:  No need to use PDCCH to schedule PDSCH for paging. Some parameters can be configured by RRC message such as frequency resources allocation and repetition level. Blind decoding at multiple TBS may help to reduce resource overhead. 
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