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1 Introduction

The M-PDCCH USS design was discussed in RAN1#82bis and the following were agreed.

Agreement:

· 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
Moreover, the following were identified as aspects for further discussion.

· If the UE monitors two repetition levels for M-PDCCH, the time-frequency resource of the lower repetition level is a subset of time-frequency resource of the higher repetition level

· This allows for same LLR buffer combining and no additional blind decodings
· The starting subframe for M-PDCCH is separately determined for each repetition level.
· The set of {L, R} for USS is implicitly determined based on at least :
· Number of PRB pairs for M-PDCCH, and

· CE level (including no CE)
· For initial USS (before reconfiguration), 
· CE level is determined based on PRACH repetition level 
· For number of PRB pairs for M-PDCCH, FFS between
· Option 1: It is provided by MTC-SIB for each CE level
· Option 2: It is fixed to one value.
· Configurations of starting subframes of M-PDCCH USS is provided by MTC-SIB for each CE level
· FFS relationship between CSS configuration and USS Initial configuration 
· FFS: how to determine narrowband location for each CE level 
This contribution considers M-PDCCH USS design aspects. 
2 M-PDCCH UE-Specific Search Space 
For single M-PDCCH transmission (no repetitions), the M-PDCCH search space design can be same as the Rel-12 EPDCCH search space design. ECCE aggregation levels (ALs) can be adjusted, such as by supporting a 24 ECCE AL and possibly not supporting a 1 ECCE AL, but this does not change the search space design. Multiple M-PDCCH repetitions imply that M-PDCCH candidates are extended in multiple subframes according to the repetition number. In that case, a default 24 ECCE AL is preferable as it is further subsequently discussed. However, a UE configured with Mode A can have M-PDCCH candidates both for ALs smaller than 24 ECCEs and for AL equal to 24 ECCEs with one or more repetitions. This is a consequence of extending for M-PDCCH the effective maximum AL to 48 ECCEs or 96 ECCEs (from a maximum of 32 ECCEs in Rel-12 for EPDCCH) in order to counterbalance the ~6 dB SINR loss in M-PDCCH detection BLER relative to the EPDCCH detection BLER, primarily due to 1 Rx (although the SINR gain of 96 ECCEs over 32 ECCEs is ~4 dB, some additional gain is expected due to the smaller DCI format sizes for M-PDCCH relative to DCI format 0/1A). 

The tree-based structure for the M-PDCCH candidates should apply both in case of no repetitions and in case of repetitions and for both Mode A and Mode B. For the latter, it has been suggested to restrict M-PDCCH candidates with smaller repetition numbers in Mode A operation to only start at the common subframe for all repetition numbers but not at a latter subframe as this can offer some reduction in the soft buffer size for M-PDCCH. However, this also reduces scheduling opportunities for UEs in a configured set of narrowbands (NBs) and introduces different designs between Mode A and Mode B. Moreover, the DCI format sizes are not large to make the soft buffer size the limiting factor in the M-PDCCH search space design and a tree-based structure is anyway preferable in case of no repetitions. Therefore, by interpreting repetitions as ECCE ALs that are multiple of 24 ECCEs, the M-PDCCH search space design can be same as the EPDCCH search space design regardless of Mode A or Mode B. 

Proposal 1: M-PDCCH USS design is same as EPDCCH USS design. 

For an M-PDCCH transmission without repetitions, every valid (DL) subframe can convey M-PDCCH. This is not the case for an M-PDCCH transmission with repetitions as the starting subframe needs to be defined in order to avoid multiple combinations for possible starting subframes and therefore avoid unnecessarily increasing the number of blind decoding operations. For an M-PDCCH repetition number 
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 where invalid subframes are counted in the repetitions. 

Proposal 2: The starting subframe 
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In case of frequency hopping, it is preferable to use the same narrowbands for TDM of M-PDCCH transmissions to different UEs (e.g. Figure 1). Then, for 
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 configured NBs for M-PDCCH transmission, a UE can determine the NB for the first repetition of an M-PDCCH transmission as 
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Proposal 3: A UE configured with 
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Figure 1: M-PDCCH Repetitions in Time/Frequency Domain 

AL < 24 ECCEs should not be supported in case of an M-PDCCH transmission with repetitions. If an AL=16 ECCEs is used to transmit M-PDCCH with repetitions to a first UE and an AL=8 ECCEs is used to transmit an M-PDCCH with repetitions to a second UE, and if N repetitions are required to transmit an M-PDCCH with AL=24 ECCEs (per subframe), ~3N/2 repetitions are required to transmit an M-PDCCH with AL=16 ECCEs and ~3N repetitions are required to transmit an M-PDCCH with AL=8 ECCEs. Therefore, compared to AL=24 ECCEs, the first UE will need to receive M-PDCCH for N/2 more subframes and the second UE will need to receive M-PDCCH for 2N more subframes. A constant penalty on UE power consumption is artificially introduced regardless of whether or not the UE is scheduled. Scheduling latency is also increased by N/2 subframes for the first UE and by N subframes for the second UE. The number of scheduling opportunities in an SFN cycle is also reduced. Indicating the number of M-PDCCH repetitions, or configuring possible numbers of M-PDCCH repetitions will also need to account for the different possible ECCE ALs. Moreover, there is no benefit in multiplexing capability from using AL<24 ECCEs in case of M-PDCCH repetitions as reducing resources in frequency (AL < 24 ECCEs) results to occupying the reduced resources longer in time. 
The fundamental reason for using all ECCEs in a set of 6 PRBs is the same as for using all 6 PRBs to transmit a PDSCH with repetitions. Although the ECCE ALs can be a network configuration choice, such configurability is not necessary as in addition to increasing signaling overhead and complicating specifications, the design for the maximum number of M-PDCCH repetitions and the maximum number of blind decoding operations will have to consider “worst case” configurations.   

In Mode A, the transition from supporting M-PDCCH without repetitions (normal coverage) to supporting M-PDCCH with repetitions (“small” CE) is continuous according to the SINR distribution of UEs. Therefore, to maximize scheduling opportunities (minimize blocking probability) for a predetermined and small total number of blind decoding operations by a Rel-13 low cost UE, the M-PDCCH candidates per ECCE AL, including the number of repetitions for a candidate with AL=24 ECCEs, should be configured to a UE by the eNB. AL=1 ECCE does not need to be supported (due to the ~6 dB BLER loss of M-PDCCH over EPDCCH, from 1 Rx and no Rx/frequency diversity for 1% BLER, this is equivalent to AL=0.25 ECCE for EPDCCH). Similar, in Mode B, the number of possible M-PDCCH repetition numbers should be configured to a UE by the eNB.   
Proposal 4: A maximum number of blind decoding operations is specified for a Rel-13 low cost UEs.

Proposal 5: A Rel-13 low cost UE is configured by an eNB through RRC signaling a number of candidates per ECCE aggregation level and a set for numbers of repetitions for an M-PDCCH transmission. AL=1 ECCE is not supported for single repetition. Only AL=24 ECCEs is supported for more than one repetition.

3 Conclusions

This contribution considered the USS design for M-PDCCH. In particular, the following are proposed.
Proposal 1: M-PDCCH USS design is same as EPDCCH USS design. 

Proposal 2: The starting subframe 
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Proposal 3: A UE configured with 
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Proposal 4: A maximum number of blind decoding operations is specified for a Rel-13 low cost UEs.

Proposal 5: A Rel-13 low cost UE is configured by an eNB through RRC signaling a number of candidates per ECCE aggregation level and a set for numbers of repetitions for an M-PDCCH transmission. AL=1 ECCE is not supported for single repetition. Only AL=24 ECCEs is supported for more than one repetition.
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