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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]EPDCCH is a starting point for the design of MPDCCH. A maximum aggregation level equivalent of L=24 ECCE was agreed. In RAN1#81, conclusions on L=24 are follows [1].

Conclusion:
· FFS whether localized or distributed or both needs to be supported for M-PDCCH
· To cover all possible aggregation levels
· FFS how to construct L=24 ECCEs

[bookmark: _GoBack]In the RAN1#81 meeting, our co-sourced WF [2] proposed following. The PRB-set for MPDCCH is defined based on the definition of EPDCCH-PRB-set. It has the merit of sufficient frequency diversity without new PRB set size =6. It allows the multiplexing MPDCCH and EPDCCH in the same PRB set. It also allows multiplexing MPDCCH and PDSCH for MTC UE/legacy UE in different PRBs within a narrowband. AL=24 is realized as the combination of candidate with AL=8 in PRB-set size =2 and AL=16 in PRB-set size =4. 
· Existing agreements are sufficient to obtain 24 ECCE aggregation level
· A 24 ECCE aggregation level in a subframe is obtained by aggregating ECCEs of the two Rel-12 PRB sets in a narrowband
· Multiplexing DL control channel transmissions among Rel-13 low cost UEs and Rel-12 UEs in a same PRB set is supported
· Rel-12 PRB sets are re-used
· No new sizes for PRB sets are defined 

In this document, we discuss details of MPDCCH locations based on that a MPDCCH search space is realized by PRB-set size = 4 (16ECCEs), PRB-set size = 2 (8ECCEs) and combination of two PRB-sets (24 ECCEs). The supported aggregation level L and the repetition number R and timing relationship between MPDCCH and PDSCH are discussed in another contribution [3].
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]For EPDCCH, UE is configured with one or two EPDCCH-PRB-sets for each serving cell. For each EPDCCH-PRB-pair set p, RRC parameter resourceBlockAssignment-r11 indicates PRB pairs with full flexibility. For MPDCCH, full flexibility is not necessary since two PRB-sets need to be located in a narrowband and the narrowband PRB size is at most 6. These properties can be used for the signalling reduction of RRC parameter, i.e., one part of the signalling is the location of the narrowband for MPDCCH monitoring and the other part is PRB locations of each PRB-set in a narrowband.
Location of the narrowband for MPDCCH monitoring
When frequency hopping is operated, the narrowband location of MPDCCH is also frequency hopped over the system BW. Therefore, location of the narrowband for MPDCCH monitoring is determined by the frequency hopping pattern. When frequency hopping is not operated, the location of the narrowband for MPDCCH monitoring is configured by RRC. 
PRB locations of each PRB-set in a narrowband
In a narrowband of 6PRBs, 15 combinations of PRB locations are available on which PRB pair is used for PRB-set size = 4 and which PRB pair is used for PRB-set size = 2. 15 combinations can be indicated by 4bits. Although it may support all 15 combinations, we think it may be sufficient to support only two cases. One is each PRB-set is contiguous PRB allocation respectively and the other is each PRB-set location is non-contiguous PRB allocation. For contiguous PRB-set location, it would be useful the PRB position is aligned with RBG boundary of legacy UEs in order to reduce possibility of blocking RBGs by MPDCCH. For non-contiguous PRB-set location, two PRB-sets are located on distributed PRB positions in a narrowband in order to obtain frequency diversity gain. One example configuration is shown in Figure 1. The frequency diversity gain in a narrowband is evaluated in [4] and the diversity gains of more than 3 PRBs separation are almost zero.
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Figure 1. Contiguous and non-contiguous PRB-sets location

RBG size of legacy UE can take 1, 2, 3 and 4 depending on the system bandwidth. In case of legacy RBG size is 1, 2 and 3, PRB-set location in a narrowband for Rel.13 MTC would not influence so much on the blocking as RBG size is small. In case RBG size is 4, the blocking between MPDCCH and legacy RBG needs to be careful. Depending on the narrowband position in a system band, how the narrowband and RGB overlap are different. In 15MHz, there are unused one PRBs in the center of system BW, then lower system BW and upper system BW have different relationships between narrowband boundary and RBG boundary. In 20MHz, lower and upper system BW has same relationships between narrowband boundary and RBG boundary. Figure 2 shows the center of 15MHz case. In upper system BW, the narrowband is aligned with RBG boundary. In this case, there are four overlapping patterns. In Case A, lower 4PRBs overlap with full RBG and upper two PRBs overlap with half of RBG. In Case B, lower 2 PRBs overlap with half of RBG and upper 4 PRBs overlap with full RBG. In Case C, middle 4 PRBs overlap with full RBG and lower 1 PRB and upper 1PRB overlap with different partial RBG. In case D, each upper and lower 3PRBs overlap with partial RBG.
When MPDCCH RB indicated by PRB sets and RB location of PDSCH expressed by RBG are not aligned well, PRB usage is inefficient because MPDCCH occupies only part of RBG for PDSCH or PDSCH occupies only part of MPDCCH PRB. This case is illustrated as "common MPDCCH location among narrowband position" in Figure 2. In case A, PRB-set size = 4 is aligned with RBG#11. When PRB-set size = 4 is used for MPDCCH and PRB-set size = 2 is not used for MPDCCH, RBG#12 can be used for the other UEs. However in Case B, PRB-set size = 4 overlaps with half of RBG#9 and half of RBG#10. Both RBG#9 and RBG#10 cannot be used to the other UEs, which is inefficient. In Case C, PRB-set size = 4 overlaps with one PRBs of RBG#7 and three PRBs of RBG#8. Both RBG#7 and RBG#8 cannot be used to the other UEs. In Case D, PRB set size=4 overlap with three PRBs of RBG#6 and one PRB of RBG#7.
This inefficiency can be alleviated by changed allocation of PRB-set mapping in Case B and Case C. Depending on Case A,Case B and Case C location of PRB-set size = 4 and PRB-set size = 2 can be changed. It is shown as "changed MPDCCH location position" in Figure 2. PRB-set size = 4 is located on full RBG. By this method, PRB-set size = 4 can be allocated on whole PRBs in a RBG incase A, B, and C. For case D, RBG set size =4 cannot be allocated on full RBG since there are no full RBG in the narrowband. Therefore, same allocation of Case A is applied for Case D in Figure 2.
For 20MHz, there are only Case A and Case B. Then PRB set size =4 can allocated on full RBG if the changed MPDCCH location is applied.
The changed MPDCCH location is only required for one of 15 combinations of two PRB-set locations in a narrowband. In the other 14 combinations, PRB-set size = 4 blocks two RBGs in a narrowband. Therefore, the changed MPDCCH location is not required.
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Figure 2 position of PRB set size 4 and size 2 in 15MHz
Conclusion
In this contribution, we discussed details of MPDCCH locations based on that a MPDCCH search space is realized by PRB-set size = 4 (16ECCEs), PRB-set size = 2 (8ECCEs) and combination of two PRB-sets (24 ECCEs).
We summarize our views:
· For PRB locations of each PRB-set in a narrowband, one is each PRB-set is contiguous respectively and the other is each PRB-set location is non-contiguous. 
· In case of RBG size 1, 2 and 3, no special handling of PRB-set size position is required. In case of RBG size 4, depending on relation between narrowband and RBG, location of PRB-set size = 4 and PRB-set size = 2 are changed. By this method, PRB-set size = 4 can be allocated on whole PRBs in a RBG as much as possible.
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