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1. Introduction
In RAN1 #74b meeting, some options for SIB coverage enhancement have been summarized [1]. Further discussion is encouraged, “including whether to have PDCCH before PDSCH that carries SIBs and also it needs a change the current SIB1, SIB2 transmission structures” . In addition, other common channels such as RAR and paging have similar problem whether it needs PDCCH or not. In this paper, the need of PDCCH for SIB and other common channels transmission is discussed.
2. Discussion on the Need of PDCCH 
In current LTE system, SIBs, RAR and paging are transmitted in PDSCH and scheduled by PDCCH using DCI format 1A or 1C in CSS. Since these common channels are broadcasted to all UEs, they need to be enhanced for the worse case, i.e., 15dB coverage enhancement. In coverage enhancement mode, more resources are needed to deliver a DCI than in normal mode.  In this section, the need for PDCCH for the common channels transmission is analyzed. 
2.1.  PDSCH transmission with PDCCH Scheduling
With PDCCH, eNB will have full scheduling flexibility to transmit a PDSCH. However, to achieve 15dB coverage enhancement target, several impacts need to be paid attention to.
Overhead
Targeting 15dB coverage enhancement, PDCCH (DCI format 1A) has 9.6dB/13.6dB gap with 2Rx/1Rx. Based on the simulation results in [2], to bridge 9.6dB/13.6dB gap for PDCCH, it needs about 10/20 repetitions with AL 8 in each subframe for 10 bits payload (DCI format 1C has 9~13 bits payload for BW 5~20MHz). Take 1Rx as an example, it is about 36 RE ×8 AL ×20 repetitions = 5760 REs to schedule one PDSCH transmission (about 48 PRBs assuming 120 available REs in each PRB). In current LTE system, in order to ensure the coverage, SIBs are transmitted multiple times. For example, SIB1 has 4 repetitions within 80ms. If each transmission of SIB 1 needs to be scheduled by DCCH, every 20 ms it has 5760 REs (~48 PRBs) overhead for PDCCH transmission in coverage enhancement. The total overhead of PDCCH depends on how many SIBs needs coverage enhancement and the periodicity of these SIBs transmitted in coverage enhanced mode. Similar analysis can be used for paging and RAR transmission.
Observation #1:.A DCI needs about 5760REs (~48 PRBs). The total overhead of PDCCH depends on the periodicity of the common channels transmitted in coverage enhanced mode.
PDCCH capacity and co-existence with legacy UE
In the current LTE system, UEs monitor CSS for PDCCH indicated SIB, paging and RAR by checking CRC with SI-RNTI, P-RNTI and RA-RNTI respectively. In order to coexist with legacy UEs, the PDCCH repeated across multiple subframes for SIB and other common channels in coverage enhancement mode shall be transparent to legacy UEs, for example, by introducing a new RNTI or defining a new CSS or a new DCI format. These PDCCHs will occupy additional resources other than PDCCHs in CSS for normal coverage. In current specification, there are only 16 CCEs in CSS, and 4-/8-AL is supported with 4/2 PDCCH candidates for each aggregation level to reduce blind detection complexity. The legacy CSS may have capacity issue to support PDCCHs for coverage enhancement mode and normal UEs simultaneously. Therefore, a new CSS may be needed. However, if a new CSS in PDCCH is introduced, it will increase PDCCH blocking rate to schedule other UEs. Since SIB is a broadcasting channel, this impact is always existed.
Using EPDCCH is another alternative. However, Rel-12 does not support CSS by EPDCCH yet. Specification effort is expected to introduce CSS in EPDCCH. For example, a pre-defined rule of PRB set for CSS of EPDCCH is needed.
Observation #2:  Using PDCCH to schedule SIB or other common channels will increase PDCCH blocking rate. Introducing CSS in EPDCCH needs speciation effort, such as a pre-define rule of PRB set for CSS.
Timing relationship between PDCCH and PDSCH and latency impact
Two timing relationships of PDCCH and PDSCH are discussed in [4]. If PDCCH and PDSCH transmit in the same subframe, it will require additional data buffer. If PDSCH is transmitted after PDCCH, this will increase the latency, e.g., an additional 20 ms for each PDSCH transmission. This additional latency may be acceptable for delay torrent application. However, this additional latency shall be taken into account when defining the periodicity of SIB and paging and also the timer for RAR detection. 
In addition to timing relationship, some other aspects of PDCCH should be considered, such as the how to define/configure the repetition level and starting subframe of PDCCH. Blind detection of PDCCH for different aggregation level in time domain may be needed especially for SIB acquisition to improve cell spectral efficiency.
Observation #3: Using PDCCH to schedule SIB or other common channels will introduce additional the latency, e.g., 20 ms. The new timing relationship between PDCCH and PDSCH, as well as the starting subframe and repetition levels of PDCCH, needs to be considered when designing the mechanism of the common channels reception if PDCCH is used. 
2.2.  PDSCH Transmission without PDCCH Scheduling
In [5] and [6], a “control-less” PDSCH transmission and reception technique was introduced. The technique needs to pre-define some parameters such as modulation order, transmission scheme, transport block size, and resource allocation. Blind detection of some PDSCH transmission parameter can be used to give eNB some flexibility. For example, to allow eNB to transmit different TBS and/or in different PRB allocations, UE can blindly detect among multiple pre-defined TBSs or different frequency resource allocations. For these common channels like SIB, paging and RAR, it is feasible to adopt this “control-less” approach. For example, in current specification, “the UE shall use 
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= 2 if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI”. In addition, considering 6 PRBs restriction for low-cost MTC, it may be feasible to pre-define the frequency allocation of 6 PRBs and UE can blind detect SIB within the pre-defined allocation. In rest of this section, we analyze the feasibility of “control-less” PDSCH reception for common channels in detail.
Transport block size and PRB number
DCI format 1A limits the PRB number to 2 or 3 when the CRC scrambled by RA-RNTI, P-RNTI, or SI-RNTI. The maximum TBS is 2216 bits. DCI format 1C does not limit the PRB number but limits the maximum TBS to 1736 bits (Table 7.1.7.2.3-1 in [7]). 
Considering 6 PRBs limitation for low-cost MTC, it is reasonable to predefine a fixed PRB number in each subframe using for these common channels in coverage enhancement mode. For example, UE can assume that all of the 6 PRBs can be used for SIB. For low-cost MTC, unicast channel will be transmitted in another 6 PRBs and eNB needs to ensure no simultaneous transmission of unicast channel and common channels for low-cost MTC. Moreover, if eNB needs some scheduling flexibility, introducing limited blind detection for different PRB numbers is possible. 
In addition, since the size of the new SIB (or legacy SIBs) for UEs in coverage enhancement mode can be predefined (e.g., ~364 bits counting necessary IEs for initial access ), the TBS can be pre-defined or at least can be narrowed down to several sizes in case one PDSCH carries more SIBs, e.g., 3~5 size levels. Similar calculation and pre-defined TBS can be adopted by paging and RAR.
Observation #4: The PRB number and TBS of common channels can be predefined with one or multiple potential values. 
Resource allocation
Without PDCCH, frequency resource allocation in each subframe needs to be known to UE. For example, as Figure 1 shown, PDSCH carrying SIB occupies the DL bandwidth in the two edges, that is, 
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It can obtain frequency diversity gain without many resource fragmentations. Other designs are also worthwhile for further studied.
Observation #5: Frequency resource allocation in each subframe can be pre-defined or within a pre-defined “search space”.
In additional to frequency resource allocation in one subframe, the starting subframe and repetition level of PDSCH need to be pre-defined. Note that with PDCCH, the starting subframe and the repetition level of PDCCH also need to be pre-defined. The starting subframe can be pre-defined similarly as current SIB 1, i.e., the first transmission of SIB1 is scheduled in subframe #5 of radio frames for which the SFN mod 8 = 0. It is also noted that different eNBs may support different levels of coverage enhancement that require different repetition levels (e.g., 120 repetitions for 15dB gap, 50 repetitions for 12dB gap, and 20 repetitions for 9dB gap). Considering the spectral efficiency, it is desirable to only transmit the common channels with necessary repetition levels. Higher-than-necessary repetition levels will also result in resource fragmentations in more subframes, which will restrict the scheduling flexibility of eNB. On the other hand, for initial access, blind detection for different repetition levels for SIB may be required with slight increase of complexity. Overall, with blind detection for different levels, it will give eNB flexibility to adjust the repetition levels to reduce resource overhead based on current coverage needs in the cell. Hence, it may be beneficial to introduce time domain blind detections for multiple repetition levels.
Observation #6: To give eNB flexibility to adjust the repetition levels to reduce resource overhead based on the current coverage status needs in the cell, it may be beneficial to introduce time domain blind detections among the repetition levels. UE can blind detect among multiple repetition levels of PDSCH for common channels. 
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Figure 1 An example of SIB transmission in coverage enhancement mode 

Different common channel detection
Normal UE checks CRC scrambled with different RNTIs to determine which kind of common channels is indicated by the PDCCH. Code bits of PDSCH are scrambled with a scrambling sequence corresponding to the RNTI. If there can be different common channels in the same physical resources, this scrambling scheme will increase blind detection number in which case a common scrambling sequence can be used to reduce the blind detection number. 
Observation #7: Similar CRC scrambling scheme with different RNTIs as (E)PDCCH can be used to differentiate different common channels.
2.3. Comparison
Table 1 compares the two methods of transmission common channels in PDSCH for coverage enhancement mode. 
With PDCCH, it will have additional PDCCH overhead and large latency unless increasing the UE buffer size. In addition, some specification efforts are expected to avoid the impact to other UEs, which may occupy more PDCCH resources and impact PDCCH capacity. However, with PDCCH eNB will have a full scheduling flexibility.
For “control-less” scheme, there is no additional PDCCH overhead and no impact to legacy UEs or normal coverage UEs. However, it needs a pre-defined frequency resource allocation or a search space as well as also a pre-defined TBS for each common channel. And the pre-defined frequency resource allocation will limit eNB’s scheduling flexibility. But considering low cost MTC with 6 PRBs restriction, unless new timing relationship of PDSCH only after PDCCH is introduced, it still needs a pre-defined frequency resource allocation for SIB with PDCCH.
In addition, both methods need to define a starting subframe and repetition number (or repetition number candidate set for blind detection) of PDCCH or PDSCH. 
Based on the above observation, we propose:
Proposal #1: Consider SIB and other common channels transmitted in PDSCH without PDCCH. The starting subframe of PDSCH is pre-defined and repetition levels can be blindly detected by UE. Other details can be further studied, such as if UE needs blind detection for TBS or frequency resource allocation in each subframe.
Table 1 Summary of with/without PDCCH for common channel transmitted in PDCCH
	
	With PDCCH
	Without PDCCH

	PDCCH overhead and capacity
	5760 REs per PDSCH transmission
Large impact to PDCCH capacity
	No PDCCH overhead and PDCCH capacity

	Scheduling flexibility
	Full flexibility
	UE blind detection can provide some flexibility

	Impact to legacy UE
	Increased PDCCH blocking for legacy UEs
	No impact

	Latency
	Larger if PDSCH follows PDCCH 
	Smaller 

	UE Complexity
	Blind detection for PDCCH
	Blind detection for PDSCH


3. Conclusion
In this paper, we analyzed the need of PDCCH for SIB and other common channels transmitted in PDSCH in coverage enhancement mode. From the analysis, we observed:
Observation #1:.A DCI needs about 5760REs (~48 PRBs). The total overhead of PDCCH depends on the periodicity of the common channels transmitted in coverage enhanced mode.
Observation #2:  Using PDCCH to schedule SIB or other common channels will increase PDCCH blocking rate. Introducing CSS in EPDCCH needs speciation effort, such as a pre-define rule of PRB set for CSS.
Observation #3: Using PDCCH to schedule SIB or other common channels will introduce additional the latency, e.g., 20 ms. The new timing relationship between PDCCH and PDSCH, as well as the starting subframe and repetition levels of PDCCH, needs to be considered when designing the mechanism of the common channels reception if PDCCH is used. 
Observation #4: The PRB number and TBS of common channels can be predefined with one or multiple potential values. 
Observation #5: Frequency resource allocation in each subframe can be pre-defined or within a pre-defined “search space”.
Observation #6: To give eNB flexibility to adjust the repetition levels to reduce resource overhead based on the current coverage status needs in the cell, it may be beneficial to introduce time domain blind detections among the repetition levels. UE can blind detect among multiple repetition levels of PDSCH for common channels. 
Observation #7: Similar CRC scrambling scheme with different RNTIs as (E)PDCCH can be used to differentiate different common channels.
Based on the observations and analysis, we proposed:
Proposal #1: Consider SIB and other common channels transmitted in PDSCH without PDCCH. The starting subframe of PDSCH is pre-defined and repetition levels can be blindly detected by UE. Other details can be further studied, such as if UE needs blind detection for TBS or frequency resource allocation in each subframe.
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Starting subframe:


Radio frame # m Subframe #n                                                                                 





Repetition:  N = {10, 20, 40, 80, 160}
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