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Introduction
This contribution discusses the configuration of resource for a low complexity UE. Particularly, this contribution discusses narrowband allocation and its associated configuration parameters for various channels. 
Required list of configuration parameters
For a UE to be able to receive and transmit downlink and uplink channels, at least the following configuration parameters need to be configured to a UE either implicitly or explicitly. 
· Cell-common configurations
· Narrowband configuration and frequency hopping pattern(s)
· PRACH resource(s) & PRACH configuration 
· RAR resource(s) & RAR configuration (if any)
· Paging resource(s) & paging occasion configuration 
· Msg 4 resources
· A/N resource for Msg 4 or CSS
· CSS configuration including a set of starting subframes
· The set of subframes which can be used for MTC UEs (e.g., excluding MBSFN SFs)
· Maximum CE level supported by the network
· UE-specific configurations
· M-PDCCH related configuration
· 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 PUCCH related configuration
· PUCCH/PUSCH resource mapping related parameters
Depending on scheduling mechanism of each resource for RAR, Msg 4, paging, UE-specific configuration RRC message, and etc., the design of search space and UE control channel monitoring behavior may be different. We discuss a few options for resource configuration/indication mechanisms for those transmissions in the next section. 

Mechanisms of resource indication
In terms of resource indication mechanism for RAR, paging, Msg 4 and also RRC messages, various design choices can be considered as the followings depending on whether CSS is defined and also whether a UE needs to hop between CSS and USS narrowbands due to configured in different narrowbands. If RAR and/or paging is scheduled with the associated M-PDCCH, 

· Option 1: Dedicated CSS + USS

Option 1 assumes that a dedicated CSS (D-CSS) is configured by SIB where a UE can monitor common-search-space to receive scheduling information for RAR and Msg 4. It can be also considered that initial and reconfiguration of UE-specific configuration parameters (i.e., RRC messages) can be scheduled via D-CSS as well. It is assumed that one narrowband (virtual or physical) is configured for D-CSS narrowband by SIB or predefined in the spec. Potentially D-CSS NB and USS NB can different. In such a case, a UE may retune to D-CSS NB to acquire scheduling information for such as RAR, Msg 4 and RRC messages. Thus, if this option is used, a type of time-division between D-CSS and USS would be essential. Using this option, it is possible that a UE acquires RRC messages via USS as well. However, in case of RRC reconfiguration message which changes NB or coverage/repetition level of M-PDCCH, it would be inefficient to schedule RRC message via USS. 
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Figure 1. Illustration of Option 1

· Option 2: Dedicated CSS + CSS/USS in a UE-specific narrowband
Option 2 allows different behaviour for the case where a UE is not configured with UE-specific narrowband where a UE is monitoring USS and the case after UE-specific NB configuration. For RAR/Msg 4 corresponding to initial access (before configured with C-RNTI) or paging in RRC_IDLE or initial configuration of UE-specific configuration can be scheduled via D-CSS. Once a UE is configured with UE-specific NB, the UE can expect to receive M-PDCCH scheduling RAR/Msg4 and RRC message from the same NB via CSS configured in that NB. When CSS is configured in the UE-specific NB with USS, two options are considered.
· Alt 1: A UE always monitor both CSS and USS in each starting subframe for M-PDCCH
If this alternative is used, if high repetition level is assumed for CSS, a UE may have to always search high repetition level. To allow reconfiguration CE level change or common scheduling over different repetition levels, we consider that repetition level monitored for CSS can be higher than USS. 
· Alt 2: CSS and USS may have different starting subframe sets
If this is used, the set of starting subframe for CSS may be more restricted compared to USS. Thus, it may restrict the possible occasion of M-PDCCH scheduling via CSS. For example, if EPHICH is used which is scheduled via CSS, this may restrict the occasion of EPHICH transmission.  
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Figure 2. Illustration of Option 2

· Option 3: Dedicated resource + CSS/USS in a UE-specific narrowband

In this option, instead of configuring/assuming a dedicated CSS (D-CSS), dedicated resource(s) is assumed for channel/data transmission before a UE is configured with UE-specific narrowband. For example, RAR can be transmitted via a dedicated resource and UE-specific configuration can be given by SIB or RAR or Msg4 (or a combination of those). For Msg4 transmission, the following options can be considered. 
· Alt 1. Dedicated resource for initial Msg 4 (based on temporary C-RNTI) and M-PDCCH schedules Msg4 in other cases. 
· Alt 2. Always use M-PDCCH in USS schedules Msg4 assuming temporary C-RNTI is equal to C-RNTI (this requires M-PDCCH configuration is done before Msg 4)
· Alt 3. Mini-CSS or dedicated control resource/region can be used for Msg4
Once a UE is configured with UE-specific NB, similar to Option 2, the UE can assume CSS in the same narrowband will be used to schedule RAR/Msg4 and reconfiguration RRC messages. 
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Figure 3. Illustration of Option 3

· Option 4: Dedicated resource + USS in a UE-specific narrowband

This option can be similar to Option 3 except that CSS is not defined in a UE-specific narrowband. In this case, RAR/paging may be transmitted from the dedicated resource which is configured for initial setup procedure even after the UE is configured with a UE-specific narrowband. RRC message of UE-specific reconfiguration can be scheduled via USS in the UE-specific narrowband. To address the case where reconfiguration of repetition/coverage level changes, two approaches can be considered. 
· Alt 1: UE monitors all repetition/coverage levels such that reconfiguration of repetition/coverage level of M-PDCCH is not required. This approach can be inefficient in terms of UE-power and complexity. Particularly for a UE with small repetition/coverage level, this approach can be inefficient. 
· Alt 2: It can be further considered to configure two different M-PDCCH set where each set can have different set of aggregation level(s) and/or repetition level(s) and individual starting subframe set. 
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Figure 4. Illustration of Option 4

Though there could be some variations in each option, these options are categorized based on D-CSS and CSS in a UE-specific narrowband. Overall, the benefits and drawbacks of each approach can be summarized as the followings: 
	
	Benefits
	Drawbacks

	Option 1: Dedicated CSS + USS
	No need of dedicated resource configuration for cell broadcast transmissions such as paging/RAR/Msg4.
Flexibility of scheduling. 
	UE may need to retune to D-CSS NB if TDM is used
Configuration of D-CSS would be necessary. 
In CE, overhead of M-PDCCH for cell-broadcast transmission can be inefficient.

	Option 2: Dedicated CSS + CSS/USS in a UE-specific narrowband
	No need of dedicated resource configuration for cell broadcast transmissions such as paging/RAR/Msg4.
No need of retuning to monitor CSS.
Flexibility of scheduling. 
	Configuration of D-CSS would be necessary. 
Configuration of CSS in a UE-specific narrowband may be necessary. 
In CE, overhead of M-PDCCH for cell-broadcast transmission can be inefficient.

	Option 3: Dedicated resource + CSS/USS in a UE-specific narrowband
	In CE, overhead of M-PDCCH for cell-broadcast transmission can be reduced. 
Reconfiguration of CE level change can be supported efficiently via CSS in a UE-specific narrowband. 
Flexibility of scheduling. Support of cell common control. 
	Flexibility in terms of multiplexing multiple cell-broadcast transmissions is limited. Initial configuration of UE-specific configuration requires considerable specification impact.

	Option 4: Dedicated resource + USS in a UE-specific narrowband
	In CE, overhead of M-PDCCH for cell-broadcast transmission can be reduced.
	Flexibility in terms of multiplexing multiple cell-broadcast transmissions is limited. Initial configuration of UE-specific configuration requires considerable specification impact.
Configuration of CE level seems not easily supported by this option.



As discussed in our companion contribution [2], the configuration of D-CSS and/or CSS in a UE-specific narrowband may not require considerable specification impact while it offers the scheduling flexibility and efficient reconfiguration options. 

Based on the observations, we propose the followings.

Proposal 1: Dedicated-CSS is used to schedule RAR, Msg 4 and paging at least for UEs in normal coverage at least for initial setup. For UEs in CE, mechanisms to reduce overhead can be further considered. 

Proposal 2: Employ CSS in a UE-specific narrowband. This CSS can be used to schedule RAR, Msg 4, and paging after a UE is configured with UE-specific narrowband. Furthermore, it can be used for RRC messages as well as EPHICH, TPC commands, eIMTA DCI, etc. 

Proposal 3: For normal coverage, consider adopting Option 2: Dedicated CSS + CSS/USS in a UE-specific narrowband. For enhanced coverage consider adopting Option 2 or if significant gain is demonstrated consider Option 3: Dedicated resource + CSS/USS in a UE-specific narrowband.  

Conclusions
This contribution discusses scheduling/resource allocation mechanisms for various channels. The following captures our proposals.

Proposal 1: Dedicated-CSS is used to schedule RAR, Msg 4 and paging at least for UEs in normal coverage at least for initial setup. For UEs in CE, mechanisms to reduce overhead can be further considered. 
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Proposal 2: Employ CSS in a UE-specific narrowband. This CSS can be used to schedule RAR, Msg 4, and paging after a UE is configured with UE-specific narrowband. Furthermore, it can be used for RRC messages as well as EPHICH, TPC commands, eIMTA DCI, etc. 

Proposal 3: For normal coverage, consider adopting Option 2: Dedicated CSS + CSS/USS in a UE-specific narrowband. For enhanced coverage consider adopting Option 2 or if significant gain is demonstrated consider Option 3: Dedicated resource + CSS/USS in a UE-specific narrowband.  
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