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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 one key factor on 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 RAN1- 94bis, the solutions were discussed but no agreement was made. In this contribution, we further discuss the solutions for this corresponding solutions.
2	Discussion
2.1 	Scenarios of ambiguous nEPDCCH
As shown below, to provide more consistent and reliable EPDCCH performance, nEPDCCH is considered as one factor of EPDCCH USS case determination (highlighted in yellow).
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
Based on the definition of nEPDCCH in TS 36.211 section 6.8A.1, Table 1 shows the RE map 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 an ambiguous UE behavior. In this example, It is not clear which case is applied for the EPDCCH candidates monitoring by the UE. 
Table 1: For EPDCCH set 0 with 2PRBs, nEPDCCH becomes ambiguous when 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
Observation 1: Ambiguous UE behavior exists for nEPDCCH  determination.
2.2 	Discussion on solutions
To clarify EPDCCH USS case determination behavior, the following options were discussed in RAN1-94bis:
1. Case determination is based the smallest nEPDCCH value among all EPDCCH PRBs of the EPDCCH set(s)
2. Case determination is based the nEPDCCH value of the 1st  PRB among all EPDCCH PRBs of the 1st EPDCCH set
3. eNB can align CSI-RS configuration and EPDCCH PRB set configuration to prevent ambiguous nEPDCCH occurs
4. UE is not expected to decode EPDCCH if nEPDCCH is ambiguous
5. For EPDCCH PRBs, CSI-RS density is assumed as 1
For the options listed above, we further analyze the pros and cons:
· Option 1 resolves the ambiguity and ensures that the EPDCCH detection performance is not degraded when reduced CSI-RS is used in PRBs in EPDCCH set.
· Option 2 introduces additional EPDCCH scheduling restriction. Table 2 below and Table 3 in Appendix illustrate an example where the EPDCCH candidate is infeasible to decode because its code rate exceeds 1. There are 4 ECCEs per 1 PRB, 1 ECCE has 23 (92/4) REs which allows up to 46 bit payload for EPDCCH. The DCI-1A payload size with 16 CSI-RS REs is 47 bits and cannot be fitted in 23 REs with 1 ECCE (EPDCCH with Aggregation Level L=1). It can be shown that about 26% EPDCCH candidates are infeasible to decode and 26% EPDCCH candidates have high code rate of 0.87
Table 2: The comparison between Alternative 1 and Alternative 2
	
	Option 1
	Option 2

	Case determination rule 
	Based on the smallest nEPDCCH value among all EPDCCH PRBs of the EPDCCH set(s), which is 92 ( = min(92, 108))
	Based the nEPDCCH value of the 1st  EPDCCH PRBs of the 1st EPDCCH set, which is 108

	Result of EPDCCH case selection
	CASE 1
	CASE 3

	Minimum aggregation level 
	AL2
	AL1

	Coderate of EPDCCH with the minimum AL size when EPDCCH is scheduled at the 2nd EPDCCH PRB
	47/92 = 0.51 (Feasible to decode)
	47/46 = 1.02 >1 (Infeasible to decode)




· Option 3 adds the restriction on the configuration flexibility for CSI-RS and EPDCCH PRB sets. 
· Option 4 restricts EPDCCH scheduling if Release 14 CSI with frequency domain reduction is scheduled in case nEPDCCH is ambiguous.
· Option 5 has impact on the UE rate matching where UE assumes CSI-RS REs not transmitted when eNB configures CSI-RS density less than 1 cannot be used for EPDCCH (i.e. assumes CSI-RS density is 1). 
Based on the analysis above, we suggest to use Option1 for the case determination.
[bookmark: _Ref528092711]Proposal 1: EPDCCH USS case determination behavior is based on the smallest nEPDCCH value among all EPDCCH PRBs of the EPDCCH set(s).
3	Conclusion
In this paper, we discuss the issue of ambiguous nEPDCCH caused by CSI-RS frequency domain reduction and make the following proposal: 
Observation 1: Ambiguous UE behavior exists for nEPDCCH  determination.
Proposal 1: EPDCCH USS case determination behavior is based on the smallest nEPDCCH value among all EPDCCH PRBs of the EPDCCH set(s).
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Appendix
Table 3: The scenario that UE is configured with 1 Localized EPDCCH set 
	Duplex mode
	TDD

	Cell bandwidth
	20MHz

	CRS port number
	2

	DCI-1A payload size 
(with CRS-16)
	47 bits

	EPDCCH configuration
	1 Localized with 2 EPDCCH PRBs

	EPDCCH PRB
	EPDCCH PRB 0
	EPDCCH PRB 1

	
	0
	1

	

	2

	CSI-RS port number
	16

	NZP-FrequencyDensity
	½

	NZP-TransmissionComb
	1   (CSI-RSs occurs at the odd PRBs only) 

	Mapping of unavailable REs for EPDCCH
(RE with cross mark)
	Without CSI-RS
[image: ]
	With CSI-RS
[image: ]


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