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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#82, 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:

· Working assumption: 

· M-PDCCH common search space (CSS) is necessary at least for paging and RAR

· Note: the name may be revisited if there is issue identified

· If CSS is necessary, 

· Different UEs can monitor M-PDCCH CSS in different narrowbands and in different subframes

· FFS whether or not to support more than one decoding candidate of the CSS in a narrowband. If it is supported, FFS for UEs monitoring the same narrowband, whether or not the UEs may monitor different decoding candidates of the CSS in the narrowband

· FFS: Starting subframe of M-PDCCH CSS and starting ECCE index of M-PDCCH candidate(s) for a CSS in a narrowband 
· For an M-PDCCH CSS for a UE in coverage enhancement
· M-PDCCH candidates with different R (number of repetitions) is supported
Agreements:
· Confirm the working assumption to use M-PDCCH scheduled PDSCH carrying paging record(s)

· One or more narrowbands can be configured by eNB for paging

· A UE monitors a paging occasion in one of the configured narrowbands in the subframe based on at least UE ID at least for paging record(s)
· On indicators for system information update, ETWS, and CMAS:

· Option A: Transmit in M-PDCCH 

· Option B: Transmit in PDSCH 

· FFS if the paging occasion for SI update, ETWS, and/or CMAS is a cell common or not

· FFS additional information (e.g. CFI, TDD configuration) in the associated DCI or paging message

· The M-PDCCH search space for paging includes M-PDCCH candidate(s) with the highest CE level configured in the cell

· Note: the ‘CE level’ can be replaced by a proper terminology later if needed

Working assumption:

· For RAR for Rel-13 low complexity UEs and UEs operating coverage enhancement, M-PDCCH-scheduled PDSCH carrying the message(s)

· The working assumption regarding RAR that was made in RAN1#81 was cancelled


In this contribution, we provide our view on M-PDCCH common search space design.
2 M-PDCCH common search space (CSS) design
In the last meeting, some agreements and working assumptions on paging message and RAR scheduling, and M-PDCCH CSS were made [2].
It was already agreed that paging message is scheduled by M-PDCCH and M-PDCCH is transmitted within a M-PDCCH search space for paging. Similar to paging, we support to schedule PDSCH carrying RAR by M-PDCCH. Therefore, we propose to confirm working assumptions on RAR and CSS.

Proposal 1: Confirm the working assumptions on RAR scheduling

Working assumption:
· For RAR for Rel-13 low complexity UEs and UEs operating coverage enhancement, M-PDCCH-scheduled PDSCH carrying the message(s)

The working assumption regarding RAR that was made in RAN1#81 was cancelled
Proposal 2: Confirm the working assumptions on CSS

· Working assumption: 

· M-PDCCH common search space (CSS) is necessary at least for paging and RAR

· Note: the name may be revisited if there is issue identified

2.1 M-PDCCH CSS for paging message scheduling
In this section, we discuss about details on M-PDCCH CSS for paging message scheduling. 
For paging message scheduling, multiple narrowbands can be configured by eNB. Then, a narrowband location for a paging occasion monitoring of a UE is determined by at least UE ID at least for paging recode(s). However, the narrowband location and paging occasion for common signal transmission (SI update, ETWS, and/or CMAS) is not determined yet. In our perspective, to reduce UE complexity, it seems beneficial to apply same paging occasion and narrowband location for paging recode(s) reception and other information reception such as SI update, ETWS, and CMAS. 
Under the assumption that a paging occasion is a time region for M-PDCCH monitoring for paging message scheduling, a UE can monitor CSS within a paging occasion to check paging message transmission. Depending on duration of paging occasion and period of CSS starting subframe, there can be multiple CSS monitoring opportunities within a paging occasion as shown in Figure 1. The period and offset of CSS starting subframe location can be configured by eNB.
The composition of decoding candidates and a subset of {L, R} for CSS for paging should be composed to supports all UEs with different CE levels. To transmit paging message adapt to the target CE level, a subset of {L, R} of CSS for paging needs to be composed to cover all range of CE levels. One simple configuration is {8, R1}, {16, R1}, {24, R1}, {24, R2}, {24, R3}, {24, R4} where R1 = 1 and R4 is the maximum repetition level. 
Proposal 3: A UE is configured to monitor one paging occasion in a narrowband location.
Proposal 4: Composition of a CSS for paging should support all CE levels. A subset of {L, R} of CSS for paging is composed to cover all range of CE levels
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Figure 1. An example of CSS region within a paging occasion

2.2 M-PDCCH CSS for RAR scheduling
There would be multiple narrowbands for CSS for RAR scheduling, and the narrowband location of a UE for RAR monitoring is determined by PRACH resource set.
After transmitting PRACH, a UE would try to receive RAR. Similar to paging occasion, there can be multiple CSS regions within a RAR window as depicted in Figure 2. So, the UE can monitor M-PDCCH scheduling RAR in CSS region(s) within the RAR window. 
A subset of {L, R} and composition of decoding candidates of CSS for RAR can depend on CE level of corresponding PRACH resource set. Regardless of CSS and USS, same composition of decoding candidates and same subset of {L, R} can be used for same CE level of the search space.
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Figure 2. An Example of CSS for RAR monitoring
Proposal 5: Composition of a CSS for RAR depends on CE level of corresponding PRACH resource set. 

Proposal 6: For a CE level, search space composition of CSS for RAR and USS can be same.

2.3 M-PDCCH CSS for other purposes
M-PDCCH CSS can be used to transmit DCIs for other purposes except paging message and RAR scheduling (e.g., unicast data, TPC, eIMTA DCI, EPHICH). If CSS is used to transmit these DCIs, the narrowband location, monitoring subframe location, and decoding candidates composition need to be specified.
In our opinion, CSS for these purposes can be located in the same narrowband to USS. Then, a UE does not need to re-tune its operating frequency to monitor this CSS. 

To reconfigure CE level of a UE, the CSS needs to support the maximum CE level of the cell considering CE level reconfiguration message can be transmitted by this CSS. Therefore, CE level or a subset of {L, R} composing the CSS should support all CE level of the cell. 

Period of starting subframe for M-PDCCH USS monitoring and CSS monitoring can be configured independently. The period of CSS monitoring can be longer than the period of USS, since CE level of USS and CSS can be different and CSS can be occurred sparsely to reduce UE complexity. 

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

The example of the monitoring time region of USS and CSS is illustrated as Figure 3.
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Figure 3. An example of monitoring of UE-specific and non-UE-specific search space

Proposal 7: Consider to support M-PDCCH CSS for unicast data scheduling, TPC, eIMTA DCI, and/or EPHICH.
Proposal 8: Period and offset of starting subframe location of M-PDCCH CSS monitoring is configured by eNodeB.
3 Conclusion 

In this contribution, we discussed and provided our view on M-PDCCH common search space design. Our proposals are summarized below.
Proposal 1: Confirm the working assumptions on RAR scheduling

Working assumption:
· For RAR for Rel-13 low complexity UEs and UEs operating coverage enhancement, M-PDCCH-scheduled PDSCH carrying the message(s)

The working assumption regarding RAR that was made in RAN1#81 was cancelled
Proposal 2: Confirm the working assumptions on CSS

· Working assumption: 

· M-PDCCH common search space (CSS) is necessary at least for paging and RAR

· Note: the name may be revisited if there is issue identified

Proposal 3: A UE is configured to monitor one paging occasion in a narrowband location.

Proposal 4: Composition of a CSS for paging should support all CE levels. A subset of {L, R} of CSS for paging is composed to cover all range of CE levels
Proposal 5: Composition of a CSS for RAR depends on CE level of corresponding PRACH resource set. 

Proposal 6: For a CE level, search space composition of CSS and USS are same.

Proposal 7: Consider to support M-PDCCH CSS for unicast data scheduling, TPC, eIMTA DCI, and/or EPHICH.

Proposal 8: Period and offset of starting subframe location of M-PDCCH CSS monitoring is configured by eNodeB.
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