Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #81
R1-152499
Fukuoka, Japan, May 25 – 29, 2015
Source: 
Ericsson

Title:
ECCE mapping for MTC
Agenda Item:
6.2.1.2
Document for:
Discussion and Decision
1 Introduction

In 3GPP RAN1#80bis, it has been agreed that:

· Confirm the working assumptions:
· Rel-11 EPDCCH is a starting point for design of a physical downlink control channel for MTC at least for MTC UEs in coverage enhancement
· For Rel-13 low complexity UEs in enhanced coverage, the demodulation of the physical downlink control channel for MTC is based on at least DMRS
· Rel-11 EPDCCH is a starting point for design of the physical downlink control channel for MTC UEs in normal coverage
· The demodulation of the physical downlink control channel for MTC is based on at least DMRS for MTC UEs in normal coverage
In 3GPP RAN1#80bis, it has been agreed that:
· In a subframe, a maximum aggregation level equivalent of L=24 ECCE is introduced for LC/CE UEs
Since Rel-11 EPDCCH was designed for the number of PRBs occupied of 
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 = {2, 4, 8}, a modification is necessary in defining the EREG to ECCE mapping for distributed EPDCCH. 

In this contribution, we discuss two options to define EREG to ECCE mapping for 
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=6 in distributed EPDCCH for the Rel-13 MTC UE.
2 ECCE definition for distributed mapping
When using distributed mapping, the existing ECCE definition in TS 36.211 is 

ECCE number 
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  for distributed mapping.
For Rel-13 MTC UE, when the EPDCCH is mapped to fully occupy 6 PRBs, 
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 =4 or 8, the PRB index definition above is no longer valid.  There are two options to revise the existing ECCE definition to provide ECCE construction for  
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2.1 Option 1: Revise existing 
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In the first option, the ECCE definition is revised from the existing 
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=8 definition by removing the invalid EREGs, where the invalid EREGs are those that are mapped outside of the 6 PRB group. This is shown with the example of 
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 =4 in Table 1, where the invalid EREGs are marked in red and crossed out.
It can be observed from Table 1 that with Option 1:

· There are only 3 EREGs in an ECCE, instead of 4 EREGs expected; 

·  There are 32 ECCEs in a 6 PRB group, instead of the 24 ECCEs expected;

Similar issues exist when 
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Thus this option not only requires a deleting step in EREG mapping, it also complicates the eNB scheduler in terms of expected MCS calculation.
2.2 Option 2: Revise existing PRB index formula
In the second option, the ECCE definition is obtained by slightly revising the existing PRB index formula. Either a simple floor (.) function or a ceil(.) function can be used as shown below. 
Option 2.1: Adding a floor(.) function to PRB index formula. That is, the PRB indices are derived with 
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Option 2.2: Adding a ceil(.) function to PRB index formula. That is, the PRB indices are derived with 
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Using Option 2.1, the EREG to ECCE mapping is tabulated in Table 2 for the example of
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Using Option 2.2, the EREG to ECCE mapping is tabulated in Table 3 for the example of 
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It can be observed from Table 2 to Table 4 that with Option 2:

· For each ECCE, there is the expected number of EREGs per ECCE; 

· There are 24 ECCEs in a 6 PRB group as expected;

· It does not affect existing mapping of 
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Although not shown here, it has also been examined that Option 2 can be used to construct EREG to ECCE mapping for other  currently invalid 
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=3, 5. Thus this makes it possible to use subset of any size for EPDCCH transmission.
2.3 Option 3: Combine using existing definitions
In the third option, the ECCE and EPDCCH decoding candidates are built by reusing and combining existing definitions. For example, by renumbering the ECCE indexing, the combined 
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=4 construction is shown in Table 5 to get L=24 ECCE. 
Option 3 has the following issues:

· Loss of frequency diversity. It is observed that Option 3 lost the frequency diversity. The EREGs mapped to an ECCE are not distributed across the 6 PRB. This is because the EREG-to-ECCE mapping is limited to reuse legacy mapping of 
[image: image28.wmf]m

X

N

RB

=2 and 
[image: image29.wmf]m

X

N

RB

=4.
· Unclear exactly how to combine. While conceptually it is simple to see the possibility of combining existing ECCE entities, practically it still needs to be decided exactly how to combine. For example, the following three options give different EREG-to-ECCE mapping, and it needs to be decided which combination to use:
· {2 PRB + 4 PRB} or 
· {4 PRB + 2 PRB} or
· {2 PRB + 2 PRB  + 2 PRB}. 
· No flexibility. Option 3 does not have the flexibility of defining other EPDCCH-PRB-set sizes if such a need arises. For example, if there is a need to define EPDCCH-PRB-set size of 3 or 5 PRBs, new combinations need to be put together.
· Extensive specification change. Compared to Option 2, Option 3 has the issue of requiring much more extensive specification change to TS 36.211, TS 36.213, and possibly TS 36.331. In addition to ECCE indexing change, it also needs to be decided in TS36.213 and TS 36.331 if 
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2.4 Discussion

Comparing Option 1, Option 2, and Option 3 above, Option 2 is preferred as it incurs only a minor change to the PRB index definition, while maintaining the expected EREG-to-ECCE basic structure. This is beneficial for both UE and eNB implementation. Option 3 also provides full EPDCCH PRB set size flexibility.
It is emphasized that compared to existing ECCE mapping, the basic formula is not modified; the only change is to add a floor(.) or ceil(.) function to make sure the division operation still gives an integer output. Thus the change is completely transparent to legacy behaviour in eNB and UE.
As demonstrated in the Appendix, both Option 2.1 and Option 2.2 are valid options. In our simulation study of EPDCCH performance [3], Option 2.1 is used, that is the floor(.) function. Option 2.1 is slightly preferred since an ECCE does not contain EREG of the same PRB.
Proposal:

· For distributed mapping, Option 2.1 is adopted.
· The existing PRB index formula is revised slightly with a floor(.) function.

3 Conclusions
In this contribution we discussed the EREG-to-ECCE mapping for MTC, when the physical downlink control channel is constructed using EPDCCH as a starting point. Based on the discussion, we have the following proposal.

Proposal:

· For distributed mapping, Option 2.1 is adopted.
· The existing PRB index formula is revised slightly with a floor(.) function.
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4 Appendix

Table 1: ECCE mapping by revising Existing 
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=6 when an ECCE is composed of 4 EREGs

	ECCE index
	PRB indices
	EREG indices

	     0
	0     2     4     6
	0     4     8    12

	     1
	1     3     5     7
	0     4     8    12

	     2
	2     4     6     0
	0     4     8    12

	     3
	3     5     7     1
	0     4     8    12

	     4
	4     6     0     2
	0     4     8    12

	     5
	5     7     1     3
	0     4     8    12

	     6
	6     0     2     4
	0     4     8    12

	     7
	7     1     3     5
	0     4     8    12

	     8
	0     2     4     6
	1     5     9    13

	     9
	1     3     5     7
	1     5     9    13

	    10
	2     4     6     0
	1     5     9    13

	    11
	3     5     7     1
	1     5     9    13

	    12
	4     6     0     2
	1     5     9    13

	    13
	5     7     1     3
	1     5     9    13

	    14
	6     0     2     4
	1     5     9    13

	    15
	7     1     3     5
	1     5     9    13

	    16
	0     2     4     6
	2     6    10    14

	    17
	1     3     5     7
	2     6    10    14

	    18
	2     4     6     0
	2     6    10    14

	    19
	3     5     7     1
	2     6    10    14

	    20
	4     6     0     2
	2     6    10    14

	    21
	5     7     1     3
	2     6    10    14

	    22
	6     0     2     4
	2     6    10    14

	    23
	7     1     3     5
	2     6    10    14

	    24
	0     2     4     6
	3     7    11    15

	    25
	1     3     5     7
	3     7    11    15

	    26
	2     4     6     0
	3     7    11    15

	    27
	3     5     7     1
	3     7    11    15

	    28
	4     6     0     2
	3     7    11    15

	    29
	5     7     1     3
	3     7    11    15

	    30
	6     0     2     4
	3     7    11    15

	    31
	7     1     3     5
	3     7    11    15


Table 2: ECCE mapping using floor(.) function for 
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	ECCE index
	PRB indices
	EREG indices

	     0
	0     1     2     3
	0     4     8    12

	     1
	1     2     3     4
	0     4     8    12

	     2
	2     3     4     5
	0     4     8    12

	     3
	3     4     5     0
	0     4     8    12

	     4
	4     5     0     1
	0     4     8    12

	     5
	5     0     1     2
	0     4     8    12

	     6
	0     1     2     3
	1     5     9    13

	     7
	1     2     3     4
	1     5     9    13

	     8
	2     3     4     5
	1     5     9    13

	     9
	3     4     5     0
	1     5     9    13

	    10
	4     5     0     1
	1     5     9    13

	    11
	5     0     1     2
	1     5     9    13

	    12
	0     1     2     3
	2     6    10    14

	    13
	1     2     3     4
	2     6    10    14

	    14
	2     3     4     5
	2     6    10    14

	    15
	3     4     5     0
	2     6    10    14

	    16
	4     5     0     1
	2     6    10    14

	    17
	5     0     1     2
	2     6    10    14

	    18
	0     1     2     3
	3     7    11    15

	    19
	1     2     3     4
	3     7    11    15

	    20
	2     3     4     5
	3     7    11    15

	    21
	3     4     5     0
	3     7    11    15

	    22
	4     5     0     1
	3     7    11    15

	    23
	5     0     1     2
	3     7    11    15


Table 3: ECCE mapping using ceil(.) function for 
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	ECCE index
	PRB indices
	EREG indices

	     0
	0     2     4     0
	0     4     8    12

	     1
	1     3     5     1
	0     4     8    12

	     2
	2     4     0     2
	0     4     8    12

	     3
	3     5     1     3
	0     4     8    12

	     4
	4     0     2     4
	0     4     8    12

	     5
	5     1     3     5
	0     4     8    12

	     6
	0     2     4     0
	1     5     9    13

	     7
	1     3     5     1
	1     5     9    13

	     8
	2     4     0     2
	1     5     9    13

	     9
	3     5     1     3
	1     5     9    13

	    10
	4     0     2     4
	1     5     9    13

	    11
	5     1     3     5
	1     5     9    13

	    12
	0     2     4     0
	2     6    10    14

	    13
	1     3     5     1
	2     6    10    14

	    14
	2     4     0     2
	2     6    10    14

	    15
	3     5     1     3
	2     6    10    14

	    16
	4     0     2     4
	2     6    10    14

	    17
	5     1     3     5
	2     6    10    14

	    18
	0     2     4     0
	3     7    11    15

	    19
	1     3     5     1
	3     7    11    15

	    20
	2     4     0     2
	3     7    11    15

	    21
	3     5     1     3
	3     7    11    15

	    22
	4     0     2     4
	3     7    11    15

	    23
	5     1     3     5
	3     7    11    15


Table 4: ECCE mapping using either floor(.) or ceil(.) function for 
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	ECCE index
	PRB indices
	EREG indices

	     0
	0     1     2     3     4     5     0     1
	0     2     4     6     8    10    12    14

	     1
	1     2     3     4     5     0     1     2
	0     2     4     6     8    10    12    14

	     2
	2     3     4     5     0     1     2     3
	0     2     4     6     8    10    12    14

	     3
	3     4     5     0     1     2     3     4
	0     2     4     6     8    10    12    14

	     4
	4     5     0     1     2     3     4     5
	0     2     4     6     8    10    12    14

	     5
	5     0     1     2     3     4     5     0
	0     2     4     6     8    10    12    14

	     6
	0     1     2     3     4     5     0     1
	1     3     5     7     9    11    13    15

	     7
	1     2     3     4     5     0     1     2
	1     3     5     7     9    11    13    15

	     8
	2     3     4     5     0     1     2     3
	1     3     5     7     9    11    13    15

	     9
	3     4     5     0     1     2     3     4
	1     3     5     7     9    11    13    15

	    10
	4     5     0     1     2     3     4     5
	1     3     5     7     9    11    13    15

	    11
	5     0     1     2     3     4     5     0
	1     3     5     7     9    11    13    15


Table 5: ECCE mapping by Combining existing 
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	ECCE index
	PRB indices
	EREG indices
	Legacy EPDCCH-PRB-set

	     0
	     0     1     0     1
	     0     4     8    12
	Legacy 2 PRB

	     1
	     1     0     1     0
	     0     4     8    12
	

	     2
	     0     1     0     1
	     1     5     9    13
	

	     3
	     1     0     1     0
	     1     5     9    13
	

	     4
	     0     1     0     1
	     2     6    10    14
	

	     5
	     1     0     1     0
	     2     6    10    14
	

	     6
	     0     1     0     1
	     3     7    11    15
	

	     7
	     1     0     1     0
	     3     7    11    15
	

	     8
	     2     3     4     5
	     0     4     8    12
	Legacy 4 PRB

	     9
	     3     4     5     2
	     0     4     8    12
	

	    10
	     4     5     2     3
	     0     4     8    12
	

	    11
	     5     2     3     4
	     0     4     8    12
	

	    12
	     2     3     4     5
	     1     5     9    13
	

	    13
	     3     4     5     2
	     1     5     9    13
	

	    14
	     4     5     2     3
	     1     5     9    13
	

	    15
	     5     2     3     4
	     1     5     9    13
	

	    16
	     2     3     4     5
	     2     6    10    14
	

	    17
	     3     4     5     2
	     2     6    10    14
	

	    18
	     4     5     2     3
	     2     6    10    14
	

	    19
	     5     2     3     4
	     2     6    10    14
	

	    20
	     2     3     4     5
	     3     7    11    15
	

	    21
	     3     4     5     2
	     3     7    11    15
	

	    22
	     4     5     2     3
	     3     7    11    15
	

	    23
	     5     2     3     4
	     3     7    11    15
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