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1 Introduction

In RAN#65, a WI on a new UE for MTC operation [1] has been approved. According to the WID, three aspects for a new MTC UE are specified, a new low complexity UE category/type, coverage enhancement for a new UE category/type and other delay-tolerant MTC UEs, and power consumption reduction for the UE category/type.

In RAN1#80, regarding on RE mapping of physical downlink control channel for Rel-13 MTC UEs, some agreements were made as following [2],
	Agreements:
· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz
· Confirm the working assumption: For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs


Also, in RAN1#80bis, regarding on RE mapping of physical downlink control channel for Rel-13 MTC UEs, following agreement was made [3],

	Agreement:
· In a subframe, a maximum aggregation level equivalent of L=24 ECCE is introduced for LC/CE UEs


In this contribution, we discuss about M-PDCCH resource mapping and more dynamic CFI indication for Rel-13 low-complexity UEs.
2 RE mapping for M-PDCCH
Since the maximum usable resource for MTC UEs is 6 PRBs, only PRB-set size 2 and 4 can be supported for MTC UEs. However, it was agreed that one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs for enhanced coverage UEs and a maximum aggregation level (AL) equivalent of L=24 ECCE is introduced for LC/CE UEs [2][3].
For distributed mapping of M-PDCCH, there can be two approaches for M-PDCCH RE mapping into 6 PRBs M-PDCCH set. One approach is to use legacy aggregation levels and RE mapping to minimize specification impact, and the other approach is introducing new AL(s) and RE mapping.
For M-PDCCH set with 6 PRBs, there can be search space for multiple ALs. Therefore, ALs which are lower than a maximum AL equivalent of L=24 ECCE also can be used in 6 PRBs M-PDCCH set. In this case, we can consider three options.
· Option A: Legacy RE mapping
First option is to use existing RE mapping for EPDCCH-PRB-set with 8 PRBs. However, since a MTC UE cannot monitor more than 6 PRBs, a UE assumes that M-PDCCH is rate-matched for PRBs which are unable to monitor as depicted in Figure 1. Only specification impact for distributed RE mapping would be to determine which PRBs are assumed to be not used for M-PDCCH RE mapping. For example, in Figure 1, the last two PRBs are assumed to be rate-matched where the narrowband of M-PDCCH monitoring ends at 6th PRB.
It is simple way to utilize 6 PRBs M-PDCCH set and applicable for other narrowband size and M-PDCCH PRB size. In distributed mapping, compared to the case that all REs composing M-PDCCH are located in 6 PRBs narrowband, the amount of REs used to transmit M-PDCCH would be reduced. However, compared to Option B, this approach distributes the EREGs in an ECCE evenly across PRBs. Thus, this seems more aligned with EPDCCH design principle. If this is an issue, adapting aggregation level based on the calculation of available REs averaged over the PRB set rather than per PRB can be considered.
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Figure 1. M-PDCCH RE mapping for 6 PRBs M-PDCCH set in Option A
· Option B-1: Modified ECCE to EREG mapping formula 1
To compose an M-PDCCH using EREG resources in 6 PRBs narrowband, it needs to be some modification to ECCE to EREG mapping for distributed mapping. In current specification, ECCE number n consists of EREGs numbered 
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. For 6 PRBs M-PDCCH set, [image: image5.png]N.™/NEREC



 becomes 6/4 when ECCE consists of 4 EREGs, and it causes invalid PRB indices. One option to solve this problem is changing [image: image6.png]N.™/NEREC
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If this option is applied, for distributed mapping, uneven distribution of REs composing an M-PDCCH set can be occurred. In addition, 6 PRB M-PDCCH set and M-PDCCH/EPDCCH set with legacy PRB size (e.g., 2, 4, and 8 PRBs) have different ECCE RE mapping. Then, multiplexing M-PDCCH mapped in 6 PRBs and EPDCCH for legacy UEs and multiplexing M-PDCCH mapped in 6 PRBs and M-PDCCH mapped in 2 or 4 PRBs in a PRB would become inefficient.
· Option B-2: Modified ECCE to EREG mapping formula 2
To solve the problem described in Option B-1, there can be other solutions. To distribute EREGs in an ECCE evenly across PRBs composing an ECCE, 4 EREGs for an ECCE can be selected from 2 PRBs in 6 PRBs composing an M-PDCCH set. 
For example, [image: image12.png]N.™/NEREC



 in the equation can be changed to [image: image13.png]N™/2



 in case of the number of EREGs per ECCE is 4. Then, EREGs corresponding to an ECCE can be distributed in two PRBs, PRB #n and PRB #n+3, evenly.
Another example of modification is that ECCE number 
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. This equation also make that EREGs corresponding to an ECCE can be distributed in two PRBs. Compared to Option B-1, it would make it more efficient to multiplex with EPDCCH for legacy UEs and M-PDCCH mapped in 6 PRBs and M-PDCCH mapped in 2 or 4 PRBs.
For distributed RE mapping for M-PDCCH set with 6 PRBs, it seems that Option A causes the lowest specification impact and have advantages in terms of even distribution of resources across PRBs and multiplexing with legacy UEs and M-PDCCH with 2 or 4 PRBs.
Proposal 1: For distributed M-PDCCH mapping in 6 PRBs, distributed mapping for 8 PRBs EPDCCH-PRB-set is applied.
3 CFI signaling
In RAN1#80, it was agreed that CFI value for "Physical downlink control channel for MTC" and other PDSCH transmission is broadcast via MTC SIB1, unless MIB is agreed to indicate starting OFDM symbol for low-complexity UEs in coverage-enhancement.

According to this agreement, dynamic CFI value change is unable for MTC UEs. Then, resource waste could be occurred when CFI value indicated by PCFICH for non-MTC UEs is smaller than CFI value indicated by MTC SIB1 for MTC UEs. For efficient resource utilization, more flexible CFI value indication than MTC-SIB1 indication would be useful at least for MTC UEs not in enhanced coverage. For example, in addition to SIB1 configuration, CFI indication via RRC signalling for normal coverage UE can be considered. In this approach, a UE assumes CFI value is acquired from MTC-SIB1 before receiving RRC signalling, and CFI value would be re-configured by RRC signalling. Dynamic CFI indication using DCI also can be considered. In this instance, each downlink grant can indicate starting OFDM symbol location for scheduled PDSCH reception.

Proposal 2: More dynamic (re-)configuration of CFI in addition to MTC-SIB1 configuration is considered for MTC UEs in normal coverage.

4 Conclusion 

In this contribution, we discussed about M-PDCCH resource mapping and more dynamic CFI indication for Rel-13 low-complexity UEs. Based on the discussion, we have some proposals as follows,
Proposal 1: For distributed M-PDCCH mapping in 6 PRBs, distributed mapping for 8 PRBs EPDCCH-PRB-set is applied.
Proposal 2: More dynamic (re-)configuration of CFI in addition to MTC-SIB1 configuration is considered for MTC UEs in normal coverage.
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