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1 Introduction

In RAN1 #81 meeting, the following agreements were concluded for M-PDCCH [1]:
Agreements:
· 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.
Moreover, the following FFS in the agreement concluded in RAN1 #80bis meeting is still open [2].

Agreements:
· 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

· 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 give our considerations on M-PDCCH blind decoding for MTC UEs.
2 Starting subframe of an M-PDCCH UE-specific search space

If the starting subframe of an M-PDCCH UE-specific search space is configured by implicit way, it will be related to other parameters or configuration, which may not be favorable for eNB’s resource management.  From the flexibility point of view of eNB’s resource configuration, the starting subframe of an M-PDCCH UE-specific search space configured by explicit way is preferred. 
The MTC traffic characteristics are diverse. For example, one kind of MTC traffic is periodic traffic, and another kind of MTC traffic is exception reporting. Therefore, the monitoring of M-PDCCH should consider UE’s traffic type. From this point of view, UE-specific configuration is preferred for the starting subframe of M-PDCCH. However, as analyzed in our companied contribution [3], the nesting M-PDCCH structure is beneficial to M-PDCCH resource multiplexing among different CE levels, and the starting subframe corresponding to different CE levels can be the same and be configured in a cell-specific manner.
The configuration of starting subframe of UE-specific search space should at least include the initial starting subframe and the periodicity of M-PDCCH monitoring.  The determining of starting subframe of M-PDCCH can be similar to use the formula of calculating the subframe of CSI-RS. For example, the staring subframes for M-PDCCH shall satisfy
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is initial starting subframe and T is the periodicity of M-PDCCH monitoring.
Proposal 1: The starting subframe of an M-PDCCH UE-specific search space is explicitly configured in dedicated signaling.
3 Starting subframe and starting ECCE for M-PDCCH candidate
3.1 Starting subframe of an M-PDCCH candidate

As agreed in the last meeting, for an M-PDCCH UE-specific search space, multiple M-PDCCH candidates with the same {L, R} can be configured. The following figure shows three different cases to illustrate multiple M-PDCCH candidates with the same {L, R}. For case a) and case c), different starting subframes may be configured for different M-PDCCH candidates. For case b), the same starting subframe is configured for different M-PDCCH candidates. 
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Figure 1: Multiple M-PDCCH candidates with the same {L, R}
The UE-specific search space consists of different M-PDCCH candidates. If different M-PDCCH candidates are allowed to have different starting subframes, it can provide flexible resource utilization and flexible configuration of UE-specific search space. Therefore, it is proposed that the starting subframe should also be regarded as a dimension of constructing UE specific search space.

Proposal 2: The starting subframe should be regarded as a dimension of constructing UE specific search space
3.2 Starting ECCE of an M-PDCCH candidate

Actually, the ECCE aggregation level can be regarded as the dimension of frequency domain, and the repetition number can be regarded as the dimension of time domain. Thus, ECCE aggregation level and repetition number are of dual relationship. 
When UE decodes an M-PDCCH, the ECCE aggregation level can be fixed but the repetition number can be blind decoding. Alternatively, the repetition number can be fixed, but the ECCE aggregation level can be blind decoding. Therefore, there is no essential difference to fix ECCE aggregation level or fix repetition number. 
As analyzed in our companied contribution [4], for an M-PDCCH configured with R>1, the choice of L is up to eNB. For example, as shown in the figure below, within the same time-frequency resource, there have seven M-PDCCH decoding candidates (different colours denote different M-PDCCH decoding candidates). The eNB can configure different ECCE aggregation levels and/or repetition numbers for different UE’s M-PDCCH detection. 
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Figure 2: M-PDCCH candidates within the same time-frequency resource

In the current specification, for an M-PDCCH transmitted with L ECCEs at a certain subframe, an MTC UE can determine its starting ECCE index according to its RNTI based on a predefined formula. For M-PDCCH repetition, if an MTC UE still determines its starting ECCE index according to its RNTI based on a predefined formula, the MTC UE may have to blind detect all possible starting ECCE indices under a specific aggregation level. Therefore, the number of blind detecting starting ECCE index may be large especially for small aggregation level. If an eNB restricts the number of blind detecting starting ECCE index, the resource collision may be increased when different UEs determines the same ECCE resource based on same starting ECCE index.
Moreover, eNB should make resource assignment in advance to provide resource for an M-PDCCH repetition. Thus, the eNB can pre-indicate possible starting ECCE indices to reduce UE’s blind detection and save UE’s power consumption. Secondly, considering the decoding complexity of an M-PDCCH in large coverage enhancement would be higher than that in low coverage enhancement, the number of M-PDCCH blind detection in large coverage enhancement should be lower than that in low coverage enhancement to achieve longer battery life. Thirdly, allowing an M-PDCCH sharing a narrowband with other control channel or data channel can provide significant flexibility on eNB’s scheduler and reduce the delay for delay sensitive UEs. Therefore, it is favorable to let eNB configure the starting ECCE index to flexibly adjust the number of M-PDCCH blind detection and make efficient resource multiplexing.
Proposal 3: The starting ECCE index of an M-PDCCH candidate should be configured to let eNB flexibly adjust the number of M-PDCCH blind detection and make efficient resource multiplexing.
In current specification, the starting ECCE index is the integer multiple of ECCE aggregation level.  To reuse the methodology for M-PDCCH, at a specific ECCE aggregation level, the starting ECCE indices can only be the values of integer multiple of the ECCE aggregation level.

Proposal 4: At a specific ECCE aggregation level, the starting ECCE indices can only be the values of integer multiple of the ECCE aggregation level.

4 M-PDCCH candidate

According to previous agreements, aggregation level and repetition number are the components comprising an M-PDCCH candidate. Besides, as analyzed in section 3, the starting subframe and starting ECCE are also indispensable parts to comprise an M-PDCCH candidate. 

Proposal 5: An M-PDCCH candidate is constructed by {L, R}, starting subframe and starting ECCE.

5 M-PDCCH blind decoding

5.1 DCI format size

As analyzed in our companied contribution [5], different DCI formats are proposed for unicast and RAR/Paging in normal coverage and coverage enhancement. In the following, two alternatives are given for DCI format sizes of MTC UEs.
Alt1: Four DCI format sizes for scheduling unicast and RAR/Paging:

· DCI size 1: DCI for unicast scheduling in normal coverage and small CE case

· DCI size 2: DCI for unicast scheduling in moderate CE and large CE case

· DCI size 3: DCI for RAR/Paging scheduling based on option 1

· DCI size 4: DCI for RAR/Paging scheduling based on option 2

As analyzed in our companied contributions [6]
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[7], DCI size 3 is preferred to be used in normal or small coverage enhancement. Thus, for an MTC UE in certain radio condition, two DCI format sizes could be monitored for M-PDCCH blind detection.

Table 1: Four DCI format sizes for scheduling unicast and RAR/Paging
	Traffic
	Normal coverage/ Small CE
	Moderate CE/Large CE

	Unicast
	DCI size 1
	DCI size 2

	RAR/Paging
	DCI size 3
	DCI size 4


Alt2: Three DCI format sizes for scheduling unicast and RAR/Paging:

To further reduce the size of DCI formats monitored by an MTC UE, the DCI for RAR/Paging scheduling based on option 1 can have the same size as that based on option 2. If a Rel-13 low complexity UE should not simultaneously monitor USS and CSS, for an MTC UE in certain radio condition, one DCI format size should be monitored for M-PDCCH blind detection.
· DCI size 1: DCI for unicast scheduling in normal coverage and small CE case
· DCI size 2: DCI for unicast scheduling in moderate CE and large CE case
· DCI size 3: DCI for RAR/Paging scheduling

Table 2: Three DCI format sizes for scheduling unicast and RAR/Paging
	Mode
	DCI size

	Unicast, NCE and small CE
	DCI size 1

	Unicast, moderate CE and large CE
	DCI size 2

	RAR/Paging
	DCI size 3


Proposal 6: The DCI size(s) monitored by an MTC UE should be dependent on the coverage condition.

5.2 The maximum number of M-PDCCH decoding candidate

In the current specification, within one subframe, the maximum number of UE’s PDCCH blind decoding is determined by the number of CCE aggregation levels, the number of PDCCH candidates at each CCE aggregation level and the number of DCI format sizes under a certain transmission mode. Each PDCCH candidate is related to a starting CCE index, so the PDCCH candidate can implicitly reflect the starting CCE index.

For the M-PDCCH blind detection, the factors impacting the number of M-PDCCH blind detection include aggregation level, repetition number, starting ECCE index, starting subframe index and number of DCI format sizes. The number of total M-PDCCH blind detection is equal to the multiplication of “number of M-PDCCH candidates” and “number of monitoring DCI format sizes”. The number of M-PDCCH candidates should be configured by eNB. The number of monitoring DCI format sizes should be dependent on which alternative in above section is adopted.
The setting of maximum number of UE blind decoding M-PDCCH should consider the tradeoff between UE’s detection power consumption and eNB’s scheduling flexibility. For UE in large coverage enhancement, power consumption may be more critical due to an attempt of M-PDCCH decoding at the cost of processing on massive repetition subframes. Therefore, the maximum number of UE blind decoding M-PDCCH in large coverage enhancement should be lower than that of in moderate or low coverage enhancement. For UE in low coverage enhancement, the maximum number of UE blind decoding M-PDCCH can be large considering eNB’s scheduling flexibility is more important.

Therefore, the maximum number of UE blind decoding M-PDCCH should be individually specified for each M-PDCCH repetition level.

The following table gives two examples to calculate the number of M-PDCCH blind decoding (BD) at each ECCE aggregation level based on exemplified values of starting ECCE index, repetition number and number of starting subframe index under each repetition number. The total maximum number of M-PDCCH blind decoding for an MTC UE is the sum of the number of blind decoding at each supportable aggregation level.
Table 3: Examples for calculating number of M-PDCCH BD for an MTC UE in moderate CE

	{L, R, starting ECCE} 
	Number of starting subframe 
	DCI format sizes
	Number of BD
	Total number of BD across 20 subframes
	Maximum BD required in one subframe

	{8, 10, 0}
	2
	2
	4
	10
	6

	{8, 10, 8}
	2
	2
	4
	
	

	{16, 20, 0}
	1
	2
	2
	
	


Table 4: Examples for calculating number of M-PDCCH BD for an MTC UE in large CE

	{L, R, starting ECCE} 
	Number of starting subframe 
	DCI format sizes
	Number of BD
	Total number of BD across 40 subframes
	Maximum BD required in one subframe

	{24, 40, 0}
	1
	2
	2
	2
	2


6 Conclusions
In this contribution, we give our considerations on M-PDCCH blind decoding for MTC UEs, and the following proposals are given:

Proposal 1: The starting subframe of an M-PDCCH UE-specific search space is explicitly configured in dedicated signaling.

Proposal 2: The starting subframe should be regarded as a dimension of constructing UE specific search space
Proposal 3: The starting ECCE index of an M-PDCCH candidate should be configured to let eNB flexibly adjust the number of M-PDCCH blind detection and make efficient resource multiplexing.

Proposal 4: At a specific ECCE aggregation level, the starting ECCE indices can only be the values of integer multiple of the ECCE aggregation level.

Proposal 5: An M-PDCCH candidate is constructed by {L, R}, starting subframe and starting ECCE.

Proposal 6: The DCI size(s) monitored by an MTC UE should be dependent on the coverage condition.
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