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According to the section 9.1.4 in TS 36.213 [1], the number of EPDCCH USS candidates monitored by UE is case-dependent. The number of available REs for EPDDCH in one PRB for EPDCCH set 0, nEPDCCH, is used for the case determination of EPDCCH USS. When calculating[image: ], the REs that are used for CSI-RS transmission shall be excluded [2]. Before Rel-14, for the subframe with CSI-RS, the CSI-RS appears in every PRB so that [image: ] is a fixed value for every EPDCCH PRB. However, due to R14 eFD-MIMO CSI-RS frequency density reduction,[image: ] may become ambiguous. In this contribution, we discuss this issue and outline several solutions.
2	Discussion
In order to provide more consistent and reliable EPDCCH performance, nEPDCCH is considered in the EPDCCH USS case determination (highlighted in yellow in TS 36.213, section 9.1.4).
Section 9.1.4 in TS 36.213
For Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-2a, 9.1.4-2b, 9.1.4-3a, 9.1.4-3b, 9.1.4-4a, 9.4.4-4b, 9.1.4-5a, 9.1.4-5b
-	Case 1 applies 
-	for normal subframes and normal downlink CP when DCI formats 2/2A/2B/2C/2D are monitored and [image: ] , or
-	for frame structure type 3, for downlink subframes with PDSCH transmissions starting in the second slot,
-	for special subframes with special subframe configuration 3,4,8 for frame structure type 2 or the subframes with the same duration as the DwPTS duration of a special subframe configuration 3,4,8 for frame structure type 3, and normal downlink CP when DCI formats 2/2A/2B/2C/2D are monitored and [image: ] , or
-	for normal subframes and normal downlink CP when DCI formats 1A/1B/1D/1/2/2A/2B/2C/2D/0/0A/0B/4/4A/4B/5/6-0A/6-0B/6-1A/6-1B are monitored, and when [image: ] ([image: ] defined in Subclause 6.8A.1 in [3]), or 
-	for special subframes with special subframe configuration 3, 4, 8 for frame structure type 2 or the subframes with the same duration as the DwPTS duration of a special subframe configuration 3,4,8 for frame structure type 3, and normal downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/0A/0B/4/4A/4B/5/6-0A/6-0B/6-1A/6-1B are monitored, and when [image: ] ([image: ]defined in Subclause 6.8A.1 in [3]);
-	Case 2 applies 
-	for normal subframes and extended downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/0A/0B/4/4A/4B/5/6-0A/6-0B/6-1A/6-1B are monitored or,
-	for special subframes with special subframe configuration 1, 2, 6, 7, 9, 10 for frame structure type 2 or the subframes with the same duration as the DwPTS duration of a special subframe configuration 1, 2, 6, 7, 9, 10 for frame structure type 3, and normal downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/0A/0B/4/4A/4B/5/6-0A/6-0B/6-1A/6-1B are monitored, or
-	for special subframes with special subframe configuration 1,2,3,5,6 and extended downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/0A/0B/4/4A/4B/5/6-0A/6-0B/6-1A/6-1B are monitored;
-	otherwise
-	Case 3 is applied.


Ambiguous nEPDCCH for one EPDCCH set
We first consider re-using the definition of nEPDCCH in TS 36.211 section 6.8A.1. Table 1 shows the RE mapping of the subframe with CSI-RS transmission. The quantity nEPDCCH becomes ambiguous when R14 CSI-RS frequency domain density reduction is enabled. The UE is configured with single EPDCCH set with two EPDCCH PRBs, EPDCCH PRB0 and EPDCCH PRB1. For EPDCCH PRB1, nEPDCCH exceeds the threshold of 104. However, for EPDCCH PRB 0, nEPDCCH doesn't exceed 104. The mismatch between EPDCCH PRB 0 and 1 for the value of the quantity nEPDCCH leads to a UE behavior which is ambiguous. It is not clear in this example, if case 1 or case 2 applies for the EPDCCH candidates monitored by the UE. 
[bookmark: _GoBack]Table 1: nEPDCCH ambiguity with enabling R14 CSI-RS frequency domain density reduction
	
	EPDCCH PRB 0
	EPDCCH PRB 1

	PRB index
	0
	1

	CRS port number
	2

	

	2

	CSI-RS port number
	16

	NZP-FrequencyDensity
	1/2

	NZP-TransmissionComb
	0   (CSI-RSs occurs at the even PRBs only) 

	Mapping of unavailable REs for EPDCCH
(RE with cross mark)
	[image: ]
	[image: ]

	nEPDCCH
	92 ( < 104)
	108 ( >= 104)


Ambiguous nEPDCCH for two EPDCCH sets
In the specifications, the UE can be configured with at most 2 EPDCCH sets. Reusing similar approach as in Table 1, we further illustrate the ambiguous values for nEPDCCH for EPDCCH Set 0 and Set 1.
Scenario: 
· CSI RS configuration: NZP-FrequencyDensity = ½ and NZP-TransmissionComb = 0
· For subframes with CSI-RS, CSI-RSs only occur at the even PRBs
· EPDCCH Configuration
· EPDCCH Set 0 = {PRB 0, PRB 1, PRB2, PRB3}
· PRB 0 and PRB 2 with CSI-RS. nEPDCCH  = 92
· PRB 1 and PRB 3 without CSI-RS. nEPDCCH  = 104
· EPDCCH Set 1 = {PRB 5, PRB 7}
· PRB 5 and PRB 7 without CSI-RS. nEPDCCH  = 104
To clarify EPDCCH USS case determination behavior, we consider 3 alternatives:
1. eNB aligns CSI-RS configuration and EPDCCH PRB set configuration to avoid ambiguity with nEPDCCH.
2. UE is not expected to decode EPDCCH if nEPDCCH is ambiguous.
3. The UE uses the minimum nEPDCCH value among all EPDCCH PRBs of the EPDCCH set(s) for the case determination.
The first alternative adds the restriction on the configuration flexibility. The second alternative has the severe side effect on introducing the additional EPDCCH scheduling restriction. Therefore we prefer the alternative 3.
[bookmark: _Ref524375184]Proposal 1: To clarify EPDCCH USS case determination behavior, the following alternatives can be considered: 
· The eNB aligns CSI-RS configuration and EPDCCH PRB set configuration to avoid ambiguity with nEPDCCH.
· The UE is not expected to decode EPDCCH if nEPDCCH is ambiguous
· The UE uses the minimum nEPDCCH value among all EPDCCH PRBs of the EPDCCH set(s) for the case determination.
3	Conclusion
In this paper, we discuss the issue of ambiguous nEPDCCH caused by CSI-RS frequency domain reduction and propose the following proposal: 
Proposal 1: To clarify EPDCCH USS case determination behavior, the following alternatives can be considered: 
· The eNB aligns CSI-RS configuration and EPDCCH PRB set configuration to avoid ambiguity with nEPDCCH.
· The UE is not expected to decode EPDCCH if nEPDCCH is ambiguous
· The UE uses the minimum nEPDCCH value among all EPDCCH PRBs of the EPDCCH set(s) for the case determination.
4	Reference 
[1] TS 36.213 v14.7.0, ``Physical layer procedures’’
[2] TS 36.211 v14.7.0, ``Physical channels and modulation’’
image3.wmf
104

EPDCCH

<

n


image20.wmf
DL

RB

ˆ

25

N

³


image30.wmf
104

EPDCCH

<

n


image10.wmf
EPDCCH

n


image4.wmf
t

EPDCCHStar

l


oleObject1.bin

image5.png
012345678 910111213

11fx [x

e Jx x

b fx Jx x

e Jx x

x [x [x [x

10[x_|x

9x

8lx_|x

7p fx

6x_|x

Slx_|x

alx |x
3[x

2[x

1fx

o|x





image6.png
012345678 910111213

11fx [x

b fx Jx x

x Ix [x |x

8lx_|x

7p fx

6x_|x

Slx_|x

alx |x

10[x_|x

9x

3[x

2[x

1fx

o[x]





image1.wmf
EPDCCH

n


image2.wmf
DL

RB

ˆ

25

N

³


