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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#81, regarding M-PDCCH search space and RAR and Paging scheduling for a new low-complexity MTC UE, some agreements and working assumptions were made as follows [2],
	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.
Agreement:

· Within subframes for M-PDCCH transmission for UEs operating coverage enhancements, 
· Confirm working assumption with the following revised proposal
· The UE may assume the same precoder per antenna port applies at least on the same PRB for at least X subframes.
· FFS: The UE may assume the same precoder per antenna port applies on a PRG for at least X subframes.
· FFS: Details on PRG size
· Companies are encouraged to evaluate potential performance benefits due to PRG, especially comparing with precoding diversity. Impact due to frequency offsets can also be considered
Agreements:
· Options for RAR and Paging for Rel-13 low complexity UEs and UEs operating coverage enhancement:

· Option 1: M-PDCCH-scheduled PDSCH carrying the message(s)
· Option 2: M-PDCCH DCI carrying the message
· Option 3: M-PDCCH-less PDSCH carrying the message
· Agree the following as working assumptions for Paging:
· Support Option 1 for the case of a single Paging record in a narrowband
· This assumes that the DCI size will be relatively compact compared to the size of a Paging record 
· Support Option 1 for the case of multiple Paging records in a narrowband 
· Agree the following as working assumptions for RAR:
· Support Option 2 for the case of a single MAC RAR in a narrowband
· Support Option 1 for the case of multiple MAC RARs in a narrowband
· FFS: In case of small number of MAC RARs, some part of MAC RARs is included in the DCI, and remaining parts of MAC RARs are included in the PDSCH
· FFS whether eNB indicates support for Option 1 and/or Option 2 in SIB    
· If eNB can indicate support for only Option 1 then Option 1 can be used also for a single MAC RAR


In this contribution, we provide our view on required parameters for (re-)configuration of M-PDCCH search space, and composition of UE-specific search space and non-UE-specific search space in M-PDCCH.

2 Configuration parameters for M-PDCCH search space

For a UE to be able to monitor M-PDCCH, following configuration parameters need to be configured to a UE either implicitly or explicitly.
· Narrowband index: A virtual or physical narrowband index should be configured where a UE monitors M-PDCCH. In a narrowband, there can be multiple PRB-sets of M-PDCCH. If multiple M-PDCCH PRB-sets are configured.
· Coverage enhancement level: Depending on coverage enhancement (CE) level and PRB-set size of the M-PDCCH PRB-set, aggregation levels and repetition levels composing a search space can be different. It means that a subset of {L, R} for search space monitoring could depend on PRB size of M-PDCCH and CE level where L is aggregation level and R is the number of repetition. To provide flexibility of M-PDCCH transmission, a CE level corresponds to each M-PDCCH PRB-set can be configured separately.

· Starting subframe location of M-PDCCH monitoring: For coverage enhancement MTC UEs, at least period and offset of the starting subframe location for M-PDCCH monitoring should be configured implicitly or explicitly. As discussed on our companion contribution [4], we propose that M-PDCCH monitoring subframes can be restricted to subset of subframes, and period and offset of starting subframe of M-PDCCH monitoring can be configured UE-specifically. This starting subframe location of M-PDCCH monitoring can be configured per M-PDCCH PRB-set.

· PRB assignment: The size and location of PRB within a narrowband of an M-PDCCH PRB-set should be configured. The possible size of PRB-set can be 1, 2, 4, or 6, and it is configured per M-PDCCH PRB-set.
· Transmission type: It is to indicate whether M-PDCCH is transmitted by localized transmission or distributed transmission. This parameter also can be configured per M-PDCCH PRB-set.
Proposal 1: At least the parameters such as PRB assignment, CE level and starting subframe set needs to be configured to the UE.
3 M-PDCCH non-UE-specific search space (CSS)

3.1 Initial configuration and reconfiguration of M-PDCCH search space

In our companion contribution [3], detailed configuration method for initial configuration and reconfiguration for M-PDCCH search space is discussed. According to the contribution, non-UE-specific search space or cell-common search space (CSS) which can be located in the same narrowband to UE-specific search space can be considered for scheduling for example RAR, paging, TPC, EPHICH and other cell-common control messages. This search space can be initialized by dedicated cell-common search space (D-CSS) where D-CSS can be configured by SIB. After initial configuration, reconfiguration message for non-UE-specific search space or CSS can be scheduled by non-UE specific search space, and reconfiguration message for UE-specific search space can be scheduled by non-UE-specific search space and UE-specific search space can. An example of this configuration method is shown in Figure 1. As discussed in [3], this approach can offer flexibility while providing efficient resource monitoring on search space. 

Proposal 2: For handling of cell common control messages and reconfiguration, consider configuring non-UE-specific search space  (or CSS) in a UE-specific narrowband where a UE monitors UE-specific search space.
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Figure 1. An example of initial configuration and reconfiguration method

3.2 Requirements of non-UE-specific search space
In this section we discuss about the requirements and possible structure of non-UE-specific search space.
As discussed in our companion contribution [3], non-UE-specific search space can be located in the same narrowband to UE-specific search space. Then, a UE does not need to re-tune its operating frequency to monitor non-UE-specific search space or CSS.
To reconfigure CE level of M-PDCCH or transmit paging message with non-fixed repetition level, non-UE-specific search space needs to support the maximum CE level of the cell. On the other hand, the range of repetition levels and aggregation levels composing an UE-specific search space would depend on CE level of the UE. Therefore, CE level or a subset of {L, R} composing non-UE-specific search space should be based on the maximum CE level of the cell and separated with CE level or a subset of {L, R} of UE-specific search space.

Period of starting subframe for M-PDCCH monitoring for UE-specific search space and non-UE-specific search space also can be configured independently. Since CE level of UE-specific and non-UE-specific search space can be different, the period of non-UE-specific search space monitoring can be longer than the period of UE-specific search space. In addition, non-UE-specific search space can be occurred sparsely to reduce UE complexity. So, non-UE-specific search space can have long interval compared to UE-specific search space.

M-PDCCH non-UE-specific search space can be monitored by a group of MTC UEs. Therefore, for non-UE-specific search space, there should not be a hashing function to randomize the starting ECCE location composing a search space UE-specifically.

If we put the all requirements for non-UE-specific search space together, the example of the monitoring time region of UE-specific search space and non-UE-specific search space can be illustrated as Figure 2.
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Figure 2. An example of monitoring of UE-specific and non-UE-specific search space

Based on above requirements, a possible structure of non-UE-specific search space and UE-specific search space is described below.

Non-UE-specific search space and UE-specific search space can be composed by separated M-PDCCH PRB-set. For example, there can be two M-PDCCH sets. One set is for non-UE-specific search space, so a UE can monitor M-PDCCH scheduling broadcast data (e.g., RAR and paging) or control data (e.g., EPHICH, TPC) in this M-PDCCH set. The other M-PDCCH set is for UE-specific search space which would schedule only unicast data. CE level, starting subframe location for search space monitoring, PRB assignment, and transmission type of M-PDCCH can be configured separately for non-UE-specific and UE-specific search space. Particularly, CE level and period of starting subframes for non-UE-specific search space monitoring can be configured to be larger than CE level and starting subframe period of UE-specific search space monitoring. 
Proposal 3: CE level of M-PDCCH non-UE-specific search space (or CSS) is separated with CE level of a UE.

Proposal 4: Starting subframe location of M-PDCCH non-UE-specific search space (or CSS) monitoring and UE-specific search space monitoring can be different. 

4 Conclusion 

In this contribution, we discussed about required parameters for (re-)configuration of M-PDCCH search space, and composition of UE-specific search space and non-UE-specific search space in M-PDCCH. Based on the discussion, we obtained some proposals as follows.
Proposal 1: At least the parameters such as PRB assignment, CE level and starting subframe set needs to be configured to the UE.
Proposal 2: For handling of cell common control messages and reconfiguration, consider configuring non-UE-specific search space  (or CSS) in a UE-specific narrowband where a UE monitors UE-specific search space.
Proposal 3: CE level of M-PDCCH non-UE-specific search space (or CSS) is separated with CE level of a UE.

Proposal 4: Starting subframe location of M-PDCCH non-UE-specific search space (or CSS) monitoring and UE-specific search space monitoring can be different. 
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