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1 Introduction
In RAN1 #81 meeting, agreements on downlink control channel were listed below [1]:
· 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.
· For UEs in coverage enhancement, the repetition level for at least unicast PDSCH/PUSCH is dynamically indicated based on a set of values configured by higher layers
· Note: the configuration can be explicit or implicit
· FFS: Use of different RVs or transmitting code bits of a TB across subframes for the repetitions
· Note: any previous agreements on RV still hold
· The dynamic signaling is via:
· Option 1: existing field in DCI 
· Option 2: A new field in DCI dedicated to provide the number of repetitions 
Further considerations on M-PDCCH enhancement are discussed in this contribution. 
2 M-PDCCH
2.1 CSS for M-PDCCH
Considering that RAR, Paging messages, DCI format 3/3A, and USS initialization would be scheduled in common search space, CSS of M-PDCCH for Rel-13 low complexity UEs and UEs in enhanced coverage should be introduced. The frequency location of CSS would be fixed/predefined or configured by SIB in limited PRB pairs within the system bandwidth. Compared with USS, fewer aggregation level and candidates would be configured for CSS.
Proposal 1: Common search space of M-PDCCH for Rel-13 low complexity UEs and MTC UEs in enhanced coverage should be introduced.
If CSS for M-PDCCH is configured only in one narrowband, when this narrowband is fully occupied by repetition of DCI for a common message during a time period, it is impossible to schedule other common messages at the same time. Especially when the number of repetitions is large, it will seriously block the DCI of common messages for Rel-13 low complexity UEs. Random access procedure would be affected if there has no resources to transmit DCI for RAR scheduling.  Even if Paging message can be guaranteed by periodical transmission, it would cause undesired Paging delay if there has no resources to transmit DCI for Paging scheduling. Therefore, it is necessary to configure multiple CSS narrowbands.  For example, CSS narrowband for Rel-13 low complexity UEs and CSS narrowband for UEs in enhanced coverage can be defined respectively. Or multiple CSS narrowbands would be configured according to the message type. 
Proposal 2: Multiple CSS are configured in different narrowbands.
2.2 Initialization of USS
In RAN1 #80bis meeting, some alternatives for initialization of UE-specific M-PDCCH configuration have been concluded [2]. 
It was agreed that Rel-11 EPDCCH is a starting point for design of M-PDCCH for MTC UEs in normal coverage and MTC UEs in enhanced coverage. Rel-11 EPDCCH is configured by RRC signaling after RRC establishment. 
Before RRC establishment, initialization of UE-specific M-PDCCH configuration may depend on the introduction of CSS. If CSS is introduced, UE-specific M-PDCCH can use CSS for transmission. Or Alt.1A can be used to initial USS. If CSS is not introduced, USS initialization could be predefined or be obtained by Alt.2 or Alt.3.  Considering that SIBs are cell-specific, Alt.2 is not suitable for USS initialization. Taking into account large overhead of USS initialization, Alt.3 would have significant impact on random access procedure. For Alt.3B, the scheduling of message 4 needs to be considered. Since unicast traffic is quite few before RRC establishment, initialization of UE-specific EPDCCH using CSS seems a simple method. 
Proposal 3: Before RRC connection establishment, CSS can be used for scheduling unicast traffic and initialization of UE-specific M-PDCCH configuration.
3 Coverage Enhancement of M-PDCCH
3.1 Starting Sub-frames

For UE-specific search space, from the UE perspective, the possible starting sub-frames of M-PDCCH for MTC repetitions are limited to a subset of subframes. The starting sub-frames of the first transmission for M-PDCCH repetitions may be restricted by formula (k+h*n) mod N=0, in which k is the starting sub-frames index, h is available sub-frames number in a frame, n is SFN and N is repetition times of M-PDCCH (e.g., if all downlink subframes can be used for M-PDCCH, FDD mode: h=10; TDD mode with UL-DL sub-frames configuration 1: h=4).  Following example Figures assumed that all subframes are available sub-frames, i.e., does not contain MBSFN subframes used for PMCH transmission. 
There are three options to determine the starting sub-frame k of M-PDCCH.

Option 1: Starting subframes of candidate set for different number of repetitions (R) are the same and equal to 1. As shown in Figure 1, starting subframe k is same for R1, R2 and R3. In this option, N in formula (k+h*n) mod N=0 is equal to the maximum number of repetitions (R3). Since number of the candidate set is small, it may cause scheduling limitation and waste of resource. UE Power consumption may be increased due to scheduling limitation and prolonged time in connection state.
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Figure 1 Starting subframes of candidate set for different repetition number – option 1
Option 2: Starting subframes of candidate set for different R are different. As shown in figure 2, candidate sets for R1 and R2 have multiple starting subframes. N in formula (k+h*n) mod N=0 is equal to the corresponding value of R. Option 2 has more candidate sets compared with option 1 and the resource utilization efficiency would be higher. Blindly detection complexity is not high for option 2. When R= 3 and the candidates in frequency domain is 7 for search space {L, R}, the total number of candidates is 7 if only L = 24 is used and the total number of candidates is 14 if L=24 and L=16 are used.
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Figure 2 Starting subframes of candidate set for different repetition number – Option 2
Option 3: Starting subframe k is restricted by formula (k+h*n) mod M=0, where M is larger than the maximum number of repetitions. The search space in time domain is discontinuous in time domain. The detection delay and power consumption would be larger for option 3.
Option 2 is preferable for determining the starting subframes of M-PDCCH. The starting subframes of M-PDCCH candidate sets are different for different R.

For configuration of starting subframe of an M-PDCCH UE-specific search space, explicit and UE-specific configuration are preferable.  Configuration of maximum repetition times is required for option 1. For option 2, if number of repetitions for different repetition levels is tree-like and all candidate sets are available, values of R for different repetition levels are required to be configured. But if only partial of candidate sets are available, besides R, the available candidate sets may need to be configured. Compared with option 1 and option 2, option 3 still needs to configure value of M.  
Proposal 4:  The starting subframes of M-PDCCH candidate sets are different for different number of repetitions.
3.2 Repetition Level and Aggregation Level
For an M-PDCCH UE-specific search space, if only AL=24 is supported, minimum delay and power consumption would be expected due to the minimum repetition times. But supporting multiple aggregation levels have the merits of multiplexing of different DCIs, multiplexing of M-PDCCH and PDSCH, higher scheduling flexibility and lower blocking rate. From resource utilization efficiency and power consumption point of view, when resources are sufficient, supporting AL =24 only can reduce the transmission delay. But if resource is insufficient, to support aggregation level less than 24 can improve the resource utilization efficiency and reduce the scheduling delay which is benefit to power saving. In order to achieve higher scheduling flexibility, multiple aggregation levels should be supported.
Combination of {L, R} is configured for an M-PDCCH candidate with {L, R}. If RRC signaling is used to indicate combinations of {L, R} configuration, the signaling can be explicit or implicit. In order not to exceed the maximum number of blind detection of legacy UEs, the number of L values or the number of R values may not be larger than 4. In addition, 1, 2 or 4 L values and 1, 2 or 4 R values could be combined on consideration of limitation of total number of candidates. 
If explicit signaling is used, dedicated information related to ECCE aggregation levels and number of repetition would be indicated to MTC UE. This is a simple method and a large number of combinations would be specified. If implicit signaling is used, fewer parameters maybe used to indicate ECCE aggregation levels and number of repetition. ECCE aggregation level can be determined by configuration of PRB set for USS. One possible way to determine number of repetitions is that each coverage enhancement level (CL) corresponds to a default repetition times, and other number of repetitions could be obtained by adjustment factors.  For example, default repetition times for CL3 is X, adjustment factors is k (0<k<0.5), the exact number of repetitions can be obtained by {(1-2k)•X, (1-k)•X, (1+k)•X, (1+2k)•X}. Before RRC establishment, common combinations of {L, R} would be used for all UEs. Considering UEs with different coverage enhancement levels, largest repetition times and multiple ECCE aggregation levels should be used for M-PDCCH transmission. Common combinations of {L, R} could be fixed/predefined or configured by MTC SIBs.
Proposal 5: Multiple aggregation levels should be supported in enhanced coverage. Number of L values or the number of R values should be restricted.
3.3 Consideration on special subframe for M-PDCCH transmission
For TDD, normal subframes and special subframes have different ECCE numbers. But if special subframes are precluded for M-PDCCH repetition, the transmission delay would be prolonged and UE power consumption would be increased. In order to fully utilize the downlink resources, special subframes when subframe configuration is not 0 or 5 can be used for M-PDCCH transmission.
In RAN1 #81 meeting, “The L is the same within R subframes” was agreed for an M-PDCCH candidate.  Considering the maximum ECCE number is different for normal subframes and special subframe with special subframe configuration 1, 2, 6, 7, 9 in same narrowband with normal CP, M-PDCCH transmission in special subframe would skip mapping of the ECCE index larger than the maximum ECCE number of special subframes. 
Proposal 6: Special subframes when subframe configuration is not 0 or 5 can be used for M-PDCCH transmission. 
4 Discussion on impact caused by fully occupying 6PRB
In RAN1 #80, it was agreed that 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 RAN1 #80bis, it was agreed that a maximum aggregation level equivalent of L=24 ECCE is introduced for LC/CE UEs in a subframe. As specified in Table 6.8A.1-1 of TS 36.211, an ECCE is composed of 4 or 8 EREGs. So, besides AL =24, it is also required to introduce AL=12.
Table 6.8A.1-1: Number of EREGs per ECCE, 
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	Normal cyclic prefix
	Extended cyclic prefix

	Normal subframe
	Special subframe, configuration 3, 4, 8
	Special subframe, configuration 1, 2, 6, 7, 9
	Normal subframe
	Special subframe, configuration 1, 2, 3, 5, 6

	4
	8


For Rel-13 low complexity UEs, M-PDCCH performance would be restricted due to the reduced UE bandwidth. AL=24/12 should be introduced for both distributed transmission and localized transmission. One possible M-PDCCH formats are shown in Table 1.
Table 1: Supported M-PDCCH formats

	M-PDCCH format
	Number of ECCEs for one M-PDCCH

	
	Case A
	Case B

	
	Localized transmission
	Distributed transmission
	Localized transmission
	Distributed transmission

	0
	2
	2
	1
	1

	1
	4
	4
	2
	2

	2
	8
	8
	4
	4

	3
	16
	16
	8
	8

	4
	-
	24
	-
	12


In order to introduce AL=24/12 for Rel-13 low complexity UEs, modification of current specification on search space is needed. The modification should follow the principle that not increasing the blindly detection complexity. An example of modification is shown in Table 2.
Table 2: example of M-PDCCH candidates (Distributed M-PDCCH-PRB-set)

	
[image: image4.wmf]p

X

N

RB


	Number of M-PDCCH candidates
 
[image: image5.wmf])

(

L

p

M

 for Case 1
	Number of M-PDCCH candidates
 
[image: image6.wmf])

(

L

p

M

 for Case 2
	Number of M-PDCCH candidates
 
[image: image7.wmf])

(

L

p

M

 for Case 3

	
	L=2
	L=4
	L=8
	L=16
	L=24
	L=1
	L=2
	L=4
	L=8
	L=12
	L=1
	L=2
	L=4
	L=8
	L=16

	2
	4
	2
	1
	0
	0
	4
	2
	1
	0
	0
	8
	4
	2
	1
	0

	4
	8
	4
	2
	1
	0
	8
	4
	2
	1
	0
	4
	5
	4
	2
	1

	6
	7
	4
	3
	1
	1
	7
	4
	3
	1
	1
	4
	4
	4
	3
	1


 For Rel-13 low complexity UEs, configuration of 2, 4, and 6 PRB set can be supported to achieve scheduling flexibility. For MTC UEs in enhanced coverage, PRB set fixed to 6 is preferable.
Proposal 7: AL=12/24 should be introduced for both distributed transmission and localized transmission.

· FFS: details on modification of current specification on aggregation levels and candidate sets for M-PDCCH search space
5 Downlink Control Information
For Rel-13 low complexity UEs, it is required to optimize the resource allocation field in DCI because of narrow band restriction. Resource allocation is discussion in [3].
Besides coverage enhancement, methods of reduction of power consumption or repetition times should be considered for Rel-13 low complexity UEs. Compact DCI can reduce the repetition times for M-PDCCH. As described in [4], Compact DCI formats can improve the coverage, e.g., about 1.7-2.4 dB coverage gain can be provided by reducing DCI format size from 29/27 bits to 9/10 bits. However, Compact DCI used for M-PDCCH may have some specification impact. For Rel-13 low complexity UEs in enhanced coverage, unnecessary fields in DCI can be compacted on consideration of reducing repetition times of M-PDCCH. MCS and RV field could also be reduced. On the other hand, some fields may need to be added for MTC UEs, such as variable k value for indicating PDSCH starting subframe, repetition times for traffic channels.
In order to reduce the blind detection complexity, one DCI type would be supported for each transmission mode. There could be only one DL grant format and one UL grant format for MTC UEs in enhanced coverage. 
The DCI fields for enhanced coverage may include the followings:
· RA: regardless of Case1 or 2, 0~2 bits is needed for resource allocation within 6PRB group.
· Repetition times indication: about 1~3 bits, indicate one of the repetition times from potential repetition times set. The potential repetition times set is configured by high level signaling and the number of the repetition times in the potential repetition times set is 1~8.
· MCS: for compact DCI, reduced MCS can be considered. 0~4 bits is needed.

· HARQ process number: can be reduced to 0~1 bits

· NDI: 1bit

· Flag for format 0/1A: 1bit to indicate DL grant and UL grant if DL grant and UL grant have same size; this field is not needed if size of DL grant and UL grant are different. 
Compact DCI for DL grant can be concluded in Table 3.
	Table 3 Compact DCI for enhanced coverage
Format X（for coverage enhancement）
	Fields (bits)

	Repetition times indication
	1-3bits

	Resource block assignment
	Narrowband 0-4bit + indication within narrowband 0-2bits

	Modulation and coding scheme and redundancy version(5 bit)
	0-5bits

	New data indicator
	1 bit

	HARQ process number
	0-1 bit 

	Flag for UL/DL grant
	0-1 bit

	CRC
	16 bits

	Total
	19-33 bits


Proposal 8: DCI optimization is needed for Rel-13 low complexity UEs. Compact DCI would be used for MTC UEs in enhanced coverage. 
6 Conclusions
In this contribution, further considerations on M-PDCCH are discussed for Rel-13 low complexity UEs and UEs in enhanced coverage. We make the following proposals:
Proposal 1: Common search space of M-PDCCH for Rel-13 low complexity UEs and MTC UEs in enhanced coverage should be introduced.
Proposal 2: Multiple CSS are configured in different narrowbands.
Proposal 3: Before RRC connection establishment, CSS can be used for scheduling unicast traffic and initialization of UE-specific M-PDCCH configuration.
Proposal 4:  The starting subframes of M-PDCCH candidate sets are different for different repetition levels.
Proposal 5: Multiple aggregation levels should be supported in enhanced coverage. Number of L values or the number of R values should be restricted.
Proposal 6: Special subframes when subframe configuration is not 0 or 5 can be used for M-PDCCH transmission. 
Proposal 7: AL=12/24 should be introduced for both distributed transmission and localized transmission.

· FFS: details on modification of current specification on aggregation levels and candidate sets for M-PDCCH search space
Proposal 8: DCI optimization is needed for Rel-13 low complexity UEs. Compact DCI would be used for MTC UEs in enhanced coverage. 
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