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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]
For MPDCCH, followings are agreed in RAN1#82bis [1].
· UE supports both localized and distributed ECCE mapping for M-PDCCH construction using {2,4} PRBs
· Note: the case of 24 ECCEs for localized and distributed is additionally supported as another decoding candidate
· Other than the 24 ECCEs, there is no other decoding candidate spanning two M-PDCCH resource sets (regardless of localized or distributed), if configured
· A UE is configured with either localized or distributed M-PDCCH, regardless of one or two M-PDCCH resource sets

In this document, we discuss RE mapping of 24 ECCEs.
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]In e-mail discussion [82b-02] search space design for eMTC, two options for allocation of PRB sets are discussed.
Q10. On the email discussion on transmission set configuration, at least two options are identified. Which one is your preference? If your preferred option is not listed, could you elaborate it?
- Option 1: transmission type (= distributed or localized) is per PRB set. Number of PRB pair is {2, 4} for per PRB set. Resource block assignment is per PRB set. The number of PRB set per UE is also configured as additional row. 24 eCCEs is supported only when both transmission types are same. 
- Option 2: transmission type (= distributed or localized) is per UE. Number of PRB pair is {2, 4, 2+4}. Resource block assignment is per UE (2+4 is complemental relation). If number of PRB pair is {2+4}, it means two PRB-sets are used for 24 eCCEs realization.
Our preference is option 2 as it can minimize the amount of the signalling and test cases. We don't think two PRB sets are overlapped is essential configurations.
RE mapping




For RE mapping with aggregation levels 1,2,4,8 and 16, same RE mapping as EPDCCH should be assumed. Therefore, an MPDCCH is mapped on EREGs assigned for the MPDCCH transmission and the mapping order is not related to EREG# and ECCE#. The mapping to REs is frequency first mapping, i.e. increasing order of first the index k and then the index l, starting with the first slot and ending with the second slot in a subframe. The index pair  in a slot where  and  are the indices in the frequency and time domains, respectively.

For RE mapping with 24 ECCEs, two alternatives are envisaged as follows.
Alt1: Frequency first mapping over two PRB-sets

In alt 1, RE mapping of 24 ECCEs is not related to location of 4PRB set and 2PRB set in a narrowband. The mapping to resource elements is in increasing order of first the index k and then the index l, starting with the first slot and ending with the second slot in a subframe as shown in Figure 1. 

[image: ]
[bookmark: _Ref434235172]Figure 1 Frequency first mapping
In alt 1, the RE mapping of 24 ECCEs and the RE mapping of 16ECCEs in 4 PRB set / 8ECCEs in 2 PRB set are different order. Then UE doesn’t misunderstand aggregation levels of the transmitted DCI.

Alt 2: Frequency first mapping in a PRB-set


In alt 2, RE mapping of 24 ECCEs is depending on location of 4PRB set and 2PRB set, the mapping to resource elements is starting with the first PRB set and ending with second PRB set in a subframe as shown in Figure 2. Within a PRB set, the mapping to resource elements is in increasing order of first the index k and then the index l. In Figure 2, first PRB set is 4PRB set and second PRB set is 2PRB set. This mapping is simple combining of two PRB set.

[image: ]
[bookmark: _Ref434235197]Figure 2 PRB set first mapping
In alt 2, the RE mapping of 24 ECCEs and the RE mapping of 16ECCEs in 4 PRB set / 8ECCEs in 2 PRB set are same order. When the length of the encoded DCI of 24 ECCEs coincides with the length of 16ECCEs or 8ECCEs, UE might falsely interpret different aggregation levels and then different starting ECCE# of transmitted DCI. UE is required detect aggregation levels correctly in order to determine correct ECCE# for correct PUCCH resources if PUCCH resource is determined by using ECCE# similar to EPDCCH/PDCCH [2]. 
In case of PDCCH, padding bit is added in DCI for the correct understanding of the aggregation level. However in MPDCCH, the length of DCI is depending on usable REs for MPDCCH in a subframe. It is difficult to avoid every pattern with the ambiguity of aggregation levels. The solution with additional padding bits as similar as PDCCH is not possible. In case of EPDCCH, frequency first mapping is used in a PRB set. When search space of two PRB sets are overlapped, the ambiguity case is defined as UE detects EPDCCH in the first PRB set. 

Proposal: If PUCCH resource is determined using ECCE#, frequency first mapping over two PRB-sets should be taken.

Conclusion
In this contribution, we discussed 24 ECCEs RE mapping based on Option 2: transmission type (= distributed or localized) is per UE. Number of PRB pair is {2, 4, 2+4}. We propose following:
[bookmark: _GoBack]Proposal: If PUCCH resource is determined using ECCE#, frequency first mapping over two PRB-sets should be taken.
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