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1 Introduction
The draft RAN1 CRs on the introduction of Rel-13 eMTC were discussed by email after RAN1 #84. There are still misalignments between the latest version of TS36.211 [1] and TS36.213 [2] post RAN#71 regarding aggregation level (AL) of MPDCCH formats and remaining issues to be discussed for MPDCCH case A/B definition. In this contribution, we discuss the MPDCCH AL and search space for extended CP and provide TPs to solve the misalignments and undefined issues.

2 Discussion

In the latest version of TS36.211, case A and B are used to differentiate the number of ECCEs in a subframe for one MPDCCH for each format in Table 6.8B.1-2. However, no use cases are defined for case A/B of MPDCCH in both TS36.211 and TS36.213. We discuss the issue for the following search space and MPDCCH configuration, as the MPDCCH ALs and the number of monitored candidates depend on them. 
1) MPDCCH UE-specific search space configured with 2 or 4 PRB-pairs and mPDCCH-NumRepetition=1
For MPDCCH UE-specific search space, when the BL/CE UE is configured with 2 or 4 PRB-pairs and mPDCCH-NumRepetition=1, the ALs and the number of monitored MPDCCH candidates are the same as EPDCCH in corresponding cases. Similar as EPDCCH, MPDCCH case A in Table 6.8B.1-2 of TS36.211 could be used when the conditions corresponding to case 1 are satisfied, otherwise case B is used.

-
Case 1 applies 

-
for normal subframes and normal downlink CP when DCI formats 6-0A/6-1A/6-0B/6-1B are monitored, and when [image: image1.wmf]104

EPDCCH

<

n

, or 

-
for special subframes with special subframe configuration 3, 4, 8 and normal downlink CP when DCI formats 6-0A/6-1A/6-0B/6-1B are monitored, and when [image: image2.wmf]104
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-
Case 2 applies 

-
for normal subframes and extended downlink CP when DCI formats 6-0A/6-1A/6-0B/6-1B are monitored or,
· for special subframes with special subframe configuration 1,2,6,7,9 and normal downlink CP when DCI formats 6-0A/6-1A/6-0B/6-1B are monitored, or
-
for special subframes with special subframe configuration 1,2,3,5,6 and extended downlink CP when DCI formats 6-0A/6-1A/6-0B/6-1B are monitored;

-
otherwise

-
Case 3 is applied.

In this circumstance, AL =1 could be used for case 2 and 3 for EPDCCH both localized and distributed transmission, as well as MPDCCH. It should also be included in Table 6.8B.1-2 of TS36.211 for MPDCCH format 0 in case B.

Proposal 1: For MPDCCH UE-specific search space configured with 2 or 4 PRB-pairs and mPDCCH-NumRepetition=1,

· MPDCCH case A and B in Table 6.8B.1-2 of TS36.211 are defined similar as EPDCCH.

· AL 1 should be included in Table 6.8B.1-2 of TS36.211 for MPDCCH format 0 in case B.

2) MPDCCH UE-specific search space configured with 2 + 4 PRB-pairs or mPDCCH-NumRepetition>1, and MPDCCH common search space

The ALs and the number of MPDCCH candidates monitored in these MPDCCH search spaces and configurations are defined separately from EPDCCH.

For MPDCCH in extended CP, there are 8 EREGs per ECCE and 2 ECCEs per PRB pair. The number of ECCEs per PRB pair for extended CP is half the number for normal CP. For the same MPDCCH format in Table 6.8B.1-2 of TS36.211, AL supported in case B is half the AL supported in case A. Case B could apply for extended CP for MPDCCH UE-specific search space configured with 2 + 4 PRB-pairs or mPDCCH-NumRepetition>1,and MPDCCH common search space. For special subframes with special subframe configuration 1,2,6,7,9 and normal downlink CP, as the number of ECCEs per PRB pair is the same as the number in extended CP, when no repetition configured for MPDCCH case B could also apply. Case A can be used for normal CP with the above exception. Considering reducing the AL has the similar effect as reducing the number of repetition, and to minimize the specification work, there can be no need to define case A and case B application for case 1 and case 3 respectively similarly as EPDCCH in normal CP. 

For case B, AL = 12 is defined as MPDCCH format 5 in Table 6.8B.1-2 of TS36.211, however it is not used in the separately defined tables of monitored MPDCCH candidates in the latest TS36.213. The ALs and the number of monitored candidates in these tables are suitable for 4 ECCEs per PRB. When they are applied for MPDCCH with 2 ECCEs per PRB, e.g. for MPDCCH transmitted in one or more subframes of extended CP, there would be the following problems:

· For MPDCCH UE-specific search space, the total number of monitored candidates in a subframe would be rather less because:
· If the UE is monitoring MPDCCH with mPDCCH-NumRepetition >1 and MPDCCH-PRB-set size is 2, or the UE is monitoring MPDCCH within 2 PRB pairs and MPDCCH-PRB-set size is 2+4, the candidates with AL>4 cannot be monitored.
· If the UE is monitoring MPDCCH with mPDCCH-NumRepetition >1 and MPDCCH-PRB-set size is 4, or the UE is monitoring MPDCCH within 4 PRB pairs and MPDCCH-PRB-set size is 2+4, the candidates with AL>8 and the second candidate with AL=8 cannot be monitored.
· The UE does not support monitoring the candidate spanning both PRB sets in 2+4 PRB set.
· For CE mode B, MPDCCH-PRB-set size 2 and size 2+4 are not supported.
· Type0-MPDCCH common search space and Type1-MPDCCH common search space cannot be supported for extended CP.

· For Type2-MPDCCH common search space, it cannot be supported if the most recent coverage enhancement level used for PRACH is coverage enhancement level 2 or 3. The total number of monitored candidates in a subframe would be reduced if the most recent coverage enhancement level used for PRACH is coverage enhancement level 0 or 1.
A simple solution is to use smaller ALs with half the values for case B, while the agreed number of monitored candidates for MPDCCH in TS36.213 is reused.
Proposal 2: For MPDCCH UE-specific search space configured with 2 + 4 PRB-pairs or mPDCCH-NumRepetition>1, and MPDCCH common search space,
· MPDCCH case B in Table 6.8B.1-2 of TS36.211 applies for extended CP as well as special subframes with special subframe configuration 1,2,6,7,9 and normal CP, case A applies otherwise.

· AL 
[image: image3.wmf]{

}

1,2,4,8,12

Î

 and the agreed number of monitored candidates are used for MPDCCH in case B.

3 Conclusion
This contribution discusses case A/B definition for MPDCCH in Table 6.8B.1-2 of TS36.211, and the misalignments of ALs for MPDCCH formats in TS36.211 and TS36.213. The proposals are:

Proposal 1: For MPDCCH UE-specific search space configured with 2 or 4 PRB-pairs and mPDCCH-NumRepetition=1,

· MPDCCH case A and B in Table 6.8B.1-2 of TS36.211 are defined similar as EPDCCH.

· AL 1 should be included in Table 6.8B.1-2 of TS36.211 for MPDCCH format 0 in case B.

Proposal 2: For MPDCCH UE-specific search space configured with 2 + 4 PRB-pairs or mPDCCH-NumRepetition>1, and MPDCCH common search space,

· MPDCCH case B in Table 6.8B.1-2 of TS36.211 applies for extended CP as well as special subframes with special subframe configuration 1,2,6,7,9 and normal CP, case A applies otherwise.

· AL 
[image: image4.wmf]{

}

1,2,4,8,12

Î

 and the agreed number of monitored candidates are used for MPDCCH in case B.

The text proposals are provided based on the latest TS36.211 [1] and TS36.213 [2] post RAN #71.
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Text proposal 1 on section 6.8B.1, TS 36.211
----------------------------------------------Start of TP on TS36.211----------------------------------------------
· 6.8B.1
MPDCCH formats

The MPDCCH formats are defined as in Clause 6.8A.1 with the following exceptions:

-
The term EPDCCH is replaced by MPDCCH.

-
The MTC physical downlink control channel carries downlink control information and is transmitted across 
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 consecutive valid downlink subframes. Within each of the 
[image: image6.wmf]MPDCCH

rep

N

 valid downlink subframes an MPDCCH is transmitted using an aggregation of one or several consecutive enhanced control channel elements (ECCEs) where each ECCE consists of multiple enhanced resource element groups (EREGs), defined in clause 6.2.4A.

-
For frame structure type 2, 

-
For a UE configured in CEModeA, if repetition is not configured for the MPDCCH, the number of EREGs per ECCE is given by Table 6.8A.1-1. If repetition is configured for the MPDCCH, the number of EREGs per ECCE is given by Table 6.8B.1-1. The MPDCCH is not supported in special subframe with configurations not listed in Table 6.8B.1-1.

-
For a UE configured in CEModeB, MPDCCH is not supported in the special subframe.

-
For both CEModeA and CEModeB, for those special subframes where the MPDCCH is not supported, these special subframes are considered valid downlink subframes for both MPDCCH and PDSCH transmission, only if they are indicated as valid downlink subframe by higher layer signalling. 

-
The supported MPDCCH formats are given by Table 6.8B.1-2.

Table 6.8B.1-1: Number of EREGs per ECCE, 
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, for frame structure type 2.

	· Normal cyclic prefix
	· Extended cyclic prefix

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

	4
	8


Table 6.8B.1-2: Supported MPDCCH formats

	· MPDCCH format
	· Number of ECCEs in a subframe for one MPDCCH, 
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	· 
	· 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
	-
	-
	-
	16

	5
	24
	24
	12
	12


Case A in Table 6.8B.1-2 is used when the conditions corresponding to case 1 in clause 9.1.5 of 3GPP TS 36.213 [4] are satisfied, otherwise case B is used.
----------------------------------------------End of TP on TS36.211----------------------------------------------

Text proposal 2 on section 9.1.5, TS 36.213
----------------------------------------------Start of TP on TS36.213----------------------------------------------
A BL/CE UE is not expected to monitor an MPDCCH candidate, if an ECCE corresponding to that MPDCCH candidate is mapped to a PRB pair that overlaps with a transmission of PDSCH scheduled previously in the same subframe. An MPDCCH search space 
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',

(

R

L

k

MS

at aggregation level 

[image: image11.wmf]{

}

'1,2,4,8,16,12,24

L

Î

 and repetition level 
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is defined by a set of MPDCCH candidates where each candidate is repeated in a set of 
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 consecutive BL/CE downlink subframes starting with subframe 
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, the ECCEs corresponding to MPDCCH candidate m of the search space 
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is the number of MPDCCH candidates to monitor at aggregation level
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  in MPDCCH-PRB-set [image: image22.wmf]p

 in each subframe in the set of 
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 consecutive subframes. 
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for MPDCCH UE-specific search space is determined as described in subclause 9.1.4, and 
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for Type0-MPDCCH common search space, Type1-MPDCCH common search space and Type2-MPDCCH common search space.

………
For MPDCCH UE-specific search space

· if the BL/CE UE is configured with 
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=2 or 
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=4 PRB-pairs, and mPDCCH-NumRepetition=1, and 

· if the MPDCCH-PRB-set is configured for distributed transmission, the aggregation levels defining the search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.4-1a and Table 9.1.4-1b, where 
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· 
if the MPDCCH-PRB-set is configured for localized transmission, the aggregation levels defining the search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.4-2a and Table 9.1.4-2b, where 
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 is substituted with 
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· Case 1, case 2 and case 3 are defined in section 9.1.4, except:
· DCI formats 2/2A/2B/2C/2D and [image: image36.wmf]DL
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 are not applicable for MPDCCH; and
· DCI formats 1A/1B/1D/1/2/2A/2B/2C/2D/0/4/5 are replaced by DCI formats 6-0A/6-1A/6-0B/6-1B; and
· [image: image37.wmf]EPDCCH
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 defined in subclause 6.8A.1 in [3] with 
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given in clause 9.1.5.1
· otherwise

· if the UE is configured with CEModeA, and  
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=2 or 
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=4, the aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.5-1a

· if the UE is configured with CEModeA, and  
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=2+4 , the aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.5-1b

· if the UE is configured with CEModeB, and  
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=4, the aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.5-2a

· if the UE is configured with CEModeB, and  
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=2+4 , the aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates are listed in Table 9.1.5-2b

……
For Type2-MPDCCH common search space, the number of PRB-pairs in MPDCCH-PRB-set [image: image46.wmf]p

is 2+4 PRB-pairs, and

· If the most recent coverage enhancement level used for PRACH is coverage enhancement level 0 and 1, the aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates are determined from Table 9.1.5-1b, by assuming that the number of candidates for 
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<8  as zero.

· If the most recent coverage enhancement level used for PRACH is coverage enhancement level 2 and 3, the aggregation and repetition levels defining the search spaces and the number of monitored MPDCCH candidates are determined from Table 9.1.5-2b, where 

where 
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are determined from Table 9.1.5-3 by substituting the value of 
[image: image52.wmf]max

r

 with the value of higher layer parameter mPDCCH-NumRepetition-RA.
In tables 9.1.5-1a, 9.1.5-1b, 9.1.5-2a, 9.1.5-2b, and for Type0, Type1, Type2 MPDCCH common search space, 
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 is applied for Case 1, and 
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-
Case 1 applies 

-
for normal subframes and normal downlink CP when DCI formats 6-0A/6-1A/6-0B/6-1B/2  are monitored,  or 

-
for special subframes with special subframe configuration 3, 4, 8 and normal downlink CP when DCI formats 6-0A/6-1A/6-0B/6-1B/2 are monitored, or

-
Case 2 applies 

-
for normal subframes and extended downlink CP when DCI formats 6-0A/6-1A/6-0B/6-1B/2 are monitored, or
-
for special subframes with special subframe configuration 1,2,6,7,9 and normal downlink CP when DCI formats 6-0A/6-1A/6-0B/6-1B are monitored,  or

-
for special subframes with special subframe configuration 1,2,3,5,6 and extended downlink CP when DCI formats 6-0A/6-1A/6-0B/6-1B/2 are monitored.
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