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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#80bis, regarding physical downlink control channel for a new low-complexity MTC UE, some agreements and working assumptions were made as follows [2],

	Agreement:
· In a subframe, a maximum aggregation level equivalent of L=24 ECCE is introduced for LC/CE UEs
  
Agreements:
· Confirm the working assumptions:
· Rel-11 EPDCCH is a starting point for design of a physical downlink control channel for MTC at least for MTC UEs in coverage enhancement
· For Rel-13 low complexity UEs in enhanced coverage, the demodulation of the physical downlink control channel for MTC is based on at least DMRS
· Rel-11 EPDCCH is a starting point for design of the physical downlink control channel for MTC UEs in normal coverage
· The demodulation of the physical downlink control channel for MTC is based on at least DMRS for MTC UEs in normal coverage
· For the physical downlink control channel repetition for Rel-13 low-complexity MTC UEs in enhanced coverage, the following techniques are supported
· In order to allow cross-subframe channel estimation, location of a PRB-set for physical downlink control channel for MTC is the same during at least X subframes
· X value and indication are FFS
· This does not preclude dis-continuous transmission for the physical downlink control channel for MTC
· Working assumption: Same precoding matrix is assumed per antenna port and at least one PRB for at least X subframes
· Frequency hopping is supported over the system BW
· If/when frequency hopping is applied, frequency location is switched according to a pattern every Y consecutive subframes, where Y is equal to or larger than X, assuming re-tuning time is included in Y
· Configurability of X, Y, and frequency hopping is FFS
Note: RAN1 currently uses following terminology for DL physical control channel for Rel-13 MTC UEs with the same meaning, and RAN1 asks spec editors to take care it later
· physical downlink control channel for MTC
· M-PDCCH
 
Agreements:
· Multiple ECCE aggregation levels and multiple numbers of repetitions are defined in specification for ‘Physical downlink control channel for MTC’
· A set of possible combinations of {ECCE aggregation level, number of repetition} is defined in the spec
· FFS: what combinations of ECCE aggregation levels and numbers of repetitions to support
· The following earlier RAN1 agreements are not affected by the above FFS.
· For Rel-13 low complexity UEs in enhanced coverage and at least unicast channel at least for system BW>1.4MHz
· For enhanced coverage UEs, one ‘Physical downlink control channel for MTC’ containing one DCI is allowed to be mapped to fully occupy available REs in 6 PRB pairs
· In a subframe, a maximum aggregation level equivalent of L=24 ECCE is introduced for LC/CE UEs
· FFS: how to define starting ECCE indices
· A subset of the above set of combinations can be semi-statically configured for constructing a UE-specific search space for ‘Physical downlink control channel for MTC’ by higher-layer signaling
· If configured by higher-layer signaling, it is FFS whether signaling is implicit or explicit.
· Parameters defining an ‘Physical downlink control channel for MTC’ blind decoding candidate in a UE-specific search space (USS) include at least an ECCE aggregation level and a number of repetitions
· FFS: Other signaling mechanisms and parameters in addition to above set of combinations for constructing UE specific search space


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 (Re-)configuration for M-PDCCH search space
2.1 Configuration parameters

In our companion contribution [3], a detailed design of M-PDCCH search space is discussed. Based on the discussion in [3], for a UE to be able to monitor M-PDCCH, following configuration parameters need to be configured to a UE either implicitly or explicitly.
	Configurations for M-PDCCH search space

· Narrowband index

· Configurations for M-PDCCH set

· M-PDCCH set index

· PRB assignment

· Transmission type

· CE level (index of a subset of {L, R})

· Starting subframe location for M-PDCCH monitoring


Narrowband index is virtual or physical narrowband index where M-PDCCH can be monitored. In a narrowband, there can be multiple sets of M-PDCCH. If multiple M-PDCCH sets are configured, Configurations for M-PDCCH set exists for each M-PDCCH set. For Configurations for M-PDCCH set, parameters such as PRB assignment, Transmission type, CE level (index of a subset of {L, R}), Starting subframe location for M-PDCCH monitoring can be configured per M-PDCCH set. 
PRB assignment configures the number of PRBs and location of PRBs for M-PDCCH monitoring within the configured narrowband. 
Transmission type is to indicate whether M-PDCCH is transmitted by localized transmission or distributed transmission. 

Depending on coverage enhancement (CE) level of a UE and PRB-set size of the M-PDCCH set, the aggregation levels and repetition levels monitored by UE can be changed. It means that a subset of {L, R} could depend on PRB size of M-PDCCH and CE level where L is aggregation level and R is repetition level (i.e., the number of repetition). CE level (index of a subset of {L, R}) can indicate a CE level corresponds to the M-PDCCH set. Then, a UE can determine a subset of {L, R} based on configured PRB size and CE level. In other way, an index of subset of {L, R} can be configured directly.
Starting subframe location for M-PDCCH monitoring would contain at least period and offset of the starting subframe location for M-PDCCH monitoring.
Parameters CE level (index of a subset of {L, R}) and Starting subframe location for M-PDCCH monitoring would be only for enhanced coverage UEs.
Proposal 1: At least the parameters such as PRB assignment, CE level and starting subframe set needs to be configured to the UE.
2.2 Configuration method

Detailed configuration method for initial configuration and reconfiguration for M-PDCCH search space is discussion in [4]. According to the contribution, non-UE-specific search space or 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 CSS (D-CSS) where D-CSS can be configured by SIB. After initial configuration, reconfiguration message for non-UE-specific search space 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. An example of this configuration method is shown in Figure 1. As discussed [4], this approach can offer flexibility while providing efficient resource monitoring on search space. If CSS or non-UE-specific search space is not configured, handling of cell common control messages such as TPC, eIMTA DCI, etc seems not clear. Also, reconfiguration of CE level on M-PDCCH can be challenging.

[image: image1.png]RRC: UE-specific
configuration including
M-PDDCH config

RRC: UE-specific
configuration including
M-PDDCH config

D-Css NB1 p-Css NB1 Ne N8 NB NB NB1
NB2 NB2 NB2 \ RRC Ne2 NB2 NB2 NB2 ARC
NB3 NB3 NB3 NB3 NE3 NB3 NB3 NB3 NB3
NB4 NB4 NB4 NB4 NB4 N84 RAR NB4 NB4
NB5 RAR Nes NB5 Nes NB5 NB5 NB5 NBs
NB6 NBE Nes NBS S css / NBS css NBS
NB7 NB7 NB7 NB7 NB7 NB7 NB7 NB7 NB7
NBs NB8 N8 NBS NEs Nes N8 NB8 NB8

DLSF A DLSF B DLSF A’ DL SF B’ DLSFC' DLSFE DL SF F DL SFE' DL SFF'

Initial Access Initial Configuration After initial setup Reconfiguration




Figure 1. An example of initial configuration and reconfiguration method

Proposal 2: For handling of cell common control messages and reconfiguration, consider configuring CSS or non-UE-specific search space in a UE-specific narrowband where a UE monitors UE-specific search space.
3 Composition of non-UE-specific and UE-specific search space

To allocate non-UE specific search space and UE-specific search space are located in the same narrowband, we discuss about the structure of non-UE-specific search space and UE-specific search space in this section.
If reconfiguration is used to reconfigure CE level of M-PDCCH, or paging is transmitted with non-fixed repetition level, non-UE-specific search space needs to support the maximum CE level of the cell. On the other hand, to avoid monitoring decoding candidates with large repetitions compared to CE level of the UE, UE-specific search space can be composed by limited range of repetition levels. One way to accomplish these aspects, two M-PDCCH sets can be configured where one M-PDCCH set is related to UE-specific CE level and another M-PDCCH set is related to maximum CE level of cell. 
In below, we introduce more detailed options for composing non-UE-specific (or CSS) and UE-specific search space in same narrowband using two M-PDCCH sets.
· Option 1: A M-PDCCH set for non-UE-specific search space
There can be two M-PDCCH sets. One set is for non-UE-specific search space (or CSS), 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. 
Similar to common search space in PDCCH, the starting ECCE location composing the non-UE-specific search space can be fixed in order to enable this search space to be shared by multiple UEs.
An example of configurations for Option 1 is shown below. In this example, M-PDCCH set 0 is for UE-specific search space and M-PDCCH set 1 is for non-UE-specific search space. Parameters of M-PDCCH set 0 reflects CE level of the UE and parameters of M-PDCCH set 1 are configured based on the maximum CE level of the cell. For this option, an index to indicate an M-PDCCH set for non-UE-specific search space among two M-PDCCH sets can be included. Period of starting subframes for M-PDCCH set 1 monitoring can be configured to be larger than starting subframe period of M-PDCCH set 0 monitoring to prevent monitoring M-PDCCH candidates with long repetition number always. To minimize blind decoding overhead, TDM between non-UE-specific SS and UE-specific search space can be further considered in coverage enhancement. 
	Configurations for M-PDCCH search space

· Narrowband index     2
· M-PDCCH set index for non-UE-specific search space     1
· Configurations for M-PDCCH set 0

· M-PDCCH set index     0
· PRB assignment    {5, 6}
· Transmission type     localized
· CE level (index of a subset of {L, R})     5 dB
· Starting subframe location for M-PDCCH monitoring     Period: 32, Offset: 0
· Configurations for M-PDCCH set 1

· M-PDCCH set index     1
· PRB assignment     {1, 2, 3, 4, 5, 6}
· Transmission type     distributed
· CE level (index of a subset of {L, R})     15dB
· Starting subframe location for M-PDCCH monitoring     Period: 128, Offset: 0


· Option 2: Non-UE-specific search space in each M-PDCCH set
In Option 2, non-UE-specific SS (or CSS) can be assumed in each M-PDCCH set. It means that a UE can expect M-PDCCH scheduling broadcast data in each M-PDCCH set. In other words, one M-PDCCH set is configured such that it supports both UE-specific and non-UE-specific SS with the same configuration similar to PDCCH monitoring.
To give shape to this option, there can be independent candidates for non-UE-specific search space and these candidates would not have hashing function which randomizes the starting ECCE location composing a search space.
Following is an example of M-PDCCH search space configuration. Similar to Option 1, One M-PDCCH set is configured to be related to CE level of the UE and the other M-PDCCH set is configured based on the maximum CE level of the cell. Both M-PDCCH sets carry M-PDCCH scheduling broadcast data. To reduce UE complexity, the starting subframe period for monitoring M-PDCCH set 0 and set 1 can be not overlapped. Moreover, to minimize blind decoding overhead, UE can expect that non-UE-specific search space exists only in a subset of starting subframes of each M-PDCCH set.

	Configurations for M-PDCCH search space

· Narrowband index     2
· Configurations for M-PDCCH set 0

· M-PDCCH set index     0
· PRB assignment    {5, 6}
· Transmission type     localized
· CE level (index of a subset of {L, R})     5 dB
· Starting subframe location for M-PDCCH monitoring     Period: 64, Offset: 0
· Configurations for M-PDCCH set 1

· M-PDCCH set index     1
· PRB assignment     {1, 2, 3, 4, 5, 6}
· Transmission type     distributed
· CE level (index of a subset of {L, R})     15dB
· Starting subframe location for M-PDCCH monitoring     Period: 64, Offset: 32


Proposal 3: Further investigation on mechanisms to introduce non-UE-specific or CSS which will coexist with UE-specific SS is necessary.
4 Conclusion 

In this contribution, we proposed 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. Based on discussion, we have 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 CSS or non-UE-specific search space in a UE-specific narrowband where a UE monitors UE-specific search space.
Proposal 3: Further investigation on mechanisms to introduce non-UE-specific or CSS which will coexist with UE-specific SS is necessary.
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