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1 Introduction
Discussion on the physical downlink control channel (represented by M-PDCCH hereafter) at last meeting achieved the following agreements:
Agreement:

· A starting subframe of an M-PDCCH UE-specific search space is configured at least for enhanced coverage
· FFS details of configuration
· FFS whether configuration is implicit or explicit
· FFS whether configuration is UE-specific or cell-specific
· For an M-PDCCH candidate with {L, R}
· L: ECCE aggregation level, R: number of repetitions
· The L is the same within R subframes
· The ECCE indices are same within R subframes
· For an M-PDCCH UE-specific search space
· Multiple M-PDCCH candidates with the same {L, R} can be configured. 
· M-PDCCH candidates with different R can be configured for enhanced coverage.
Based on the agreements this contribution discusses the M-PDCCH starting subframes configuring. Discussion on aggregation level for M-PDCCH in coverage enhancement (CE) refers to [1] and [2]. 
2 M-PDCCH cell-specific search space (CSS)
There is no associated M-PDCCH for MTC SIB(s) in the narrowbands per agreements in [3]. In addition, it was agreed to set up a working assumption (WA) that support Option 1 M-PDCCH-scheduled PDSCH carrying the message(s) for paging and support Option 1 or Option 2 M-PDCCH DCI carrying the message for RAR [5]. Therefore, if the WA is confirmed, M-PDCCH cell-specific search space will be created, in which DCI is transmitted to address paging or RAR no matter Option 1 or Option 2 will be chosen for RAR. This section discusses the starting subframes for CSS if the above mentioned WA is confirmed.
1) For M-PDCCH addressing Paging
For paging, there is an agreement achieved in RAN2#89bis [6] that for CN initiated paging, the starting subframe of a Paging Occasion and the repetition pattern of that Paging Occasion is determined irrespective of the UEs coverage extension level. 
The background RAN2 made such an agreement was that RAN2 agreed that MTC UE does not inform the network when it changes the CE level within a cell nor when it changes to another cell while being in CE and the new CE level is different than the CE level stored in core network (CN) when the UE moved. For example, CE Level 2 is stored in CN for radio paging transmission to a UE in need of CE but the actual CE level is not Level 2 (maybe Level 1 or Level 3) after the UE moves, where Level 3 needs more repetitions than Level 2 that needs more repetitions than Level 1 to meet the CE requirement. The design following the above mentioned RAN2 agreement would ensure the UE receives paging in Level 1 if Level 1 is really needed even though the radio paging message is transmitted by eNB in Level 2 actually. 
Considering if the paging is scheduled by M-PDCCH, the starting subframes for M-PDCCH CSS are the same for different CE levels and the resources are nested as shown in Fig. 1. The positions of the starting subframes depend on cell-specific configurations for paging including the length of the paging cycle in the case of CE, the number of repetitions for the largest CE level. As illustrated in Fig. 1, there are three paging occasions in the paging cycle and the starting of the occasion is dimensioned by the number of repetitions for the largest CE level. These three occasions are cell-specific but the occasion for a specific UE is derived from the UE specific paging cycle and UE ID (one occasion per cycle). Note that if there are multiple narrowbands for paging, the resources formatting in each narrowband is the same as in Fig. 1, and the narrowband for a specific UE can also be derived from UE ID. 
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Fig. 1: Starting subframes for M-PDCCH scheduling paging
Proposal 1: Cell-specific starting subframes for M-PDCCH scheduling paging are configured by eNB. Resources for M-PDCCH in different levels are nested and have the same starting subframes at the same narrowband. A given UE derives its starting subframes for paging from cell-specific starting subframes by UE paging cycle and UE ID. 

2) For M-PDCCH addressing RAR

According to the agreements [5], UE knows the repetition level of RAR from the repetition level of its most recent PRACH and knows the starting subframes for RAR from its most recent PRACH resource set. If the WA is the confirmed, the repetition level and the starting subframes here refer to that for M-PDCCH. 
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Fig. 2: Starting subframes for M-PDCCH addressing RAR
It was not decided yet how to multiplex PRACH resources for different CE level. Taking TDM as an example as shown in Fig. 2 PRACH resources for three levels are located in the same narrowband but take different numbers of subframes for repetition, and the resources for RAR transmissions in different levels are also TDM within the same narrowband. The starting subframes for M-PDCCH are set as K subframes after the end of PRACH of each level as in Fig. 2, where the value of K needs to take in account eNB processing time, the number of PRACH repetition, and the number of repetition of the linked level for M-PDCCH. If PRACH resource multiplexing for different levels allows for FDM, the frequency resource or the narrowband for M-PDCCH is linked to the frequency used for its recent PRACH, and the starting subframe for the linked level of M-PDCCH is also set as K subframes after the end of the linked PRACH. Timing between PRACH and RAR for more cases are discussed in [4] where includes PRACH resources are CDM and RAR transmissions for different CE levels could be FDM/TDM. 
It is envisioned that all possible PRACH resources multiplexing manners for different levels will be written in specifications but eNB can configure a specific one in SIB and can reconfigure a different one by changing SIB if needed as legacy procedures for normal UEs. Once the way to multiplex PRACH resources for different CE levels is decided, the starting subframes of M-PDCCH can be decided accordingly and the configuration for the starting subframes is cell-specific.

Proposal 2: Configuration for the starting subframes of M-PDCCH addressing RAR is cell-specific and is derived from PRACH resource set implicitly, e.g., there is a K-subframes gap between the end of PRACH and the beginning of the linked M-PDCCH. 
3 M-PDCCH UE-specific search space (USS)
Unlike M-PDCCH scheduling paging for which the starting subframes are subject to configurations for paging occasions nor like M-PDCCH addressing RAR for which the starting subframes are subject to the timing between PRACH and RAR, there is no restriction theoretically to the starting subframes for M-PDCCH USS.
However, it is beneficial if the starting subframes for M-PDCCH USS can be like in Fig. 1. It was agreed that the repetition level for PDSCH/PUSCH is dynamically indicated based on a set of values configured by higher layers for UE in CE [5]. If the repetition level for M-PDCCH can be dynamically changed, eNB has no need to reconfigure the CE level for M-PDCCH neither for PDSCH/PUSCH by higher layers signalling after initial access if CE levels changed. Resources for three CE levels are nested as shown in Fig. 1, if eNB transmits M-PDCCH in Level 2 or Level 3, UE can still receive M-PDCCH if the UE needs Level 1 at that moment. If eNB always receives feedback of ACK from UE, eNB can try to use Level 2 (if it was Level 3) or even Level 1 next time, and vice verse. 
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Fig. 3: Starting subframes for M-PDCCH USS
Moreover, on top of nested resources for different levels, there can be multiple candidates at the same narrowband for the starting subframes for each level at a given time as shown in Fig. 3 (note that Fig. 3 can also be used for M-PDCCH addressing paging and RAR.). For example, three candidates at T1 is shown in the figure, where candidate 2 is after the end of candidate 1 of Level 1 and candidate 3 is after the end of candidate 2 of Level 1. If eNB transmits a DCI for downlink and the other for uplink to a UE which are both using CE level 1, the DCI for downlink can be in candidate 1 at T1 and the DCI for uplink can be in candidate 2. For another example, eNB transmits a DCI in Level 1 at T1 to UE1, so the DCI to UE2 if there is in Level 2 can be in candidate 2 for Level 2 at T1. Hence, the starting subframes setting as shown in Fig. 3 decreases the time of UEs acquiring DCIs, although it would increase the number of UE blind decoding attempts. Candidates discussed above are the ones defined with different starting subframes for each of levels as well the number of repetitions for the level from eNB perspective. From UE perspective, candidates are defined additionally in terms of aggregation level and starting ECCE as discussed in [8].
As proposed in [7], the narrowband used for M-PDCCH USS is one of narrowbands that are broadcast in SIB possibly as well as the frequency hopping patterns, accompanying to which the cell-specific resources structure including the number of repetitions, the starting subframes and narrowbands in frequency for each of CE levels for M-PDCCH USS set as shown in Fig. 1 or Fig. 3 can also be configured. Note UE-specific M-PDCCH candidates including aggregation level and ECCE indices are also an alternative solution. 
Proposal 3: Resources structure including the number of repetitions, the starting subframes and narrowbands in frequency for each of CE levels for M-PDCCH USS are configured as cell-specific. M-PDCCH USS in different levels can have the same starting subframes and the starting subframes can have multiple candidates at the same narrowband. 
4 Conclusions

Starting subframes setting for M-PDCCH is discussed in this contribution including discussion for M-PDCCH USS and M-PDCCH CSS addressing paging and RAR if the working assumption for paging and RAR scheduling is confirmed, which leads to the following proposals:
Proposal 1: Cell-specific starting subframes for M-PDCCH scheduling paging are configured by eNB. Resources for M-PDCCH in different levels are nested and have the same starting subframes at the same narrowband. A given UE derives its starting subframes for paging from cell-specific starting subframes by UE paging cycle and UE ID. 

Proposal 2: Configuration for the starting subframes of M-PDCCH addressing RAR is cell-specific and is derived from PRACH resource set implicitly, e.g., there is a K-subframes gap between the end of PRACH and the beginning of the linked M-PDCCH. 

Proposal 3: Resources structure including the number of repetitions, the starting subframes and narrowbands in frequency for each of CE levels for M-PDCCH USS are configured as cell-specific. M-PDCCH USS in different levels can have the same starting subframes and the starting subframes can have multiple candidates at the same narrowband. 
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