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1
Introduction
In RAN1#75, the following agreements were reached – 
· 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 this contribution, we consider additional details related to PDCCH in enhanced coverage mode.
2
Coverage Enhancement
To support scalable coverage enhancement, multiple repetition factors corresponding to different coverage enhancement levels should be defined (e.g. 5, 10, 15 dB). Initially, the UE may be preconfigured with a default repetition factor based on PRACH access (e.g. based on the PRACH repetition factor selected by the UE). Afterward, the UE can be configured to use one of the repetition factors based on measurement reports (e.g. RSRP/RSRQ or long-term CQI). This could be done in a semi-static manner through higher-layer signalling. Table 1 provides the repetition factors needed for different coverage enhancement levels for both DCI format 1A and reduced DCI format. Note that 3dB pilot boosting is used.

Table 1. PDCCH repetition factors (3dB pilot boosting used).
	Coverage Enhancement Level
	Enhancement Required on the PDCCH
	Repetition Factor

	
	
	DCI 1A 

(43 bits)
	Reduced DCI

(20 bits)

	5 dB
	3.6 dB
	3
	2

	10 dB
	8.6 dB
	10
	5

	15 dB
	13.6 dB
	80
	45


A very compact DCI may be used to reduce the PDCCH overhead. There are several ways to reduce the DCI payload e.g. by restricting the MCS or supporting only limited RB assignment. Alternately, several predefined assignment may be pre-configured with only the index signalled to the UE.  From Table 1, it was seen that this can reduce the number of required repetitions from 80 to approximately 45.  Thus, a very compact DCI can be a good way to reduce the PDCCH overhead.
Proposal 1: Consider a very compact DCI for PDCCH overhead reduction.

Repeating the PDCCH across multiple subframes will require extending the PDCCH search space. There are several possible approaches – 

· Using the common search space across subframes. For instance, for system bandwidth with two PDCCH candidates of size 8 CCEs in each subframe, one candidate can be reserved for combining across subframes. The other candidate can be used for scheduling of common messages (e.g. RAR/SIB/Paging) or dedicated data. For smaller system bandwidth, the combining may be done using 4 CCE aggregation levels. Note that common search space is quite limited. However, repeating across a common search space should be supported when PDCCH repetition is used for common message scheduling (i.e. for DCI configured P-RNTI, SI-RNTI, and RA-RNTI).
· Using the UE-specific search space across subframes. In RAN1#75, it was discussed whether to use the same PDCCH candidate m (including same aggregation level) in each repetition. This can help simplify search space combining across subframes as the UE will not need to determine the applicable candidates in each subframe. 
Furthermore, it has already been agreed that the possible starting subframes of (E)PDCCH repetitions are limited to a subset of sub-frames. So the UE will know the possible starting subframes and should know the number of repetition. In addition, the relation of PDSCH timing to (E)PDCCH timing shall be known to UE and the assigned PDSCH cannot be transmitted before the end of the (E)PDCCH. Therefore, this should limit the complexity from combining search space across subframes.
Proposal 2: For search space combining, use the same PDCCH candidate m (including same aggregation level) in each repetition as appropriate for the RNTI used to configure the DCI.
This means that for DCI configured by SI-RNTI, P-RNTI, and RA-RNTI, the repetition will be done using common search space. For DCI configured by C-RNTI, SPS-RNTI and temporary C-RNTI, the repetition may be done using either common or UE-specific search space as supported by the DCI format.
3
SIB Transmission

In order to acquire system information necessary for access, the UE must be able to receive at least the following information –

· MIB (PBCH, transmitted every 10ms)
· SIB1 (PDCCH + PDSCH, scheduled very 80ms)
· SIB2 (PDCCH + PDSCH, determined by SchedulingInfoList in SIB1)

· SIB14 (PDCCH + PDSCH, determined by SchedulingInfoList in SIB1) – needed for RAN overload control feature

Other SIBs may also be necessary depending on the capability of the UE. For the SIBs, SIB1 is transmitted on the PDSCH at a regular interval but still requires scheduling by the PDCCH. Other SIBs scheduling intervals are given in the SchedulingInfoList information element contained within SIB1. The scheduling period of the other SIBs can be 8, 16, 32, 64, 128, 256, and 512 radio frames.
One issue being considered is whether to allow SIB transmission on PDSCH that is not scheduled by the PDCCH. This can save PDCCH overhead as well as reduce latency. In Table 1, the PDCCH overhead is shown. This ranges from 3 to 80 subframes for each SIB transmission based on the amount of coverage enhancement being configured in the eNB. However, as the configured scheduling period for each SIB can be long, the amount of overhead may be manageable. One approach to reducing the overhead is to allow different (i.e. longer) scheduling period for SIB with repetition in coverage enhancement mode. This is shown in Figure 1 below.
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Figure 1. Example of SIB2 transmission in coverage enhanced mode.

Without scheduling, SIB transmission (including repetition) must be predefined similar to PBCH transmission. This means that the repetition period, factor, subframes, frequency allocation, and configuration must be defined. For SIB1, these parameters must be defined in the specification. For other SIBs, these parameters may be given in SIB1. This means that there will be no scheduling flexibility for SIBs and it may also not be possible to choose the coverage enhancement level. Therefore, it is preferred that SIB transmission in enhanced coverage mode is scheduled by PDCCH.
Proposal 3: SIB transmission in enhanced coverage mode is scheduled by PDCCH. Consider supporting longer scheduling period for SIB transmission in enhanced coverage mode.
4
Conclusion
In this contribution, we consider further details on PDCCH in enhanced coverage mode. Based on our analysis, the following proposals are made –

Proposal 1: Consider a very compact DCI for PDCCH overhead reduction.
Proposal 2: For search space combining, use the same PDCCH candidate m (including same aggregation level) in each repetition as appropriate for the RNTI used to configure the DCI.
Proposal 3: SIB transmission in enhanced coverage mode is scheduled by PDCCH. Consider supporting longer scheduling period for SIB transmission in enhanced coverage mode.
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